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Reactivity Measurement in a Far-Subcritical Fast System (II)

Neutron Source Multiplication method

Takehiko MJKAIYAMA, Masafumi NAKANO,

Nobutatsu MIZOO and Mann CHO*

Division of Reactor Engineering, Tokai, JAERI

( Received February 13, 1975 )

Experiments have been made to obtain the reliable values of
reactivity of far subcritical fast systems. Five methods were employed
for subcriticality measurement. This report presents the procedure and
the results of Neutron Source Muitiplication method.

Seven subcritical systems of -2§ to -7§ were constructed in the FCA
VI-2 B2 assembly using three kinds of 90% and 80% enriched B4C pin clusters,
With 11 detectors placed in and around the assembly, the reactivity of
the systems was measured. The discrepancy is large for the values obtaind
with the detectors in the assembly, however, the detectors far from the
assembly give a position-independent result.

The effect of local perturbation in the flux distribution
{rod-shadowing effects) is taken into account by introducing the
position-dependent detectjon efficiency for the detectors in the assembly
(MSM method). The values of the detectors in the assembly come to agree
very well with each other after the MSM correction, so the experimental
values are obtained with good accuracy, which is consistent rigorously
with the reactivity defined.

These experimental values, the measured values of detectors far

from the assembly and the calculated values agree within 3%.

* Korea Atomic Energy Research Institute
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1. Fp o

BARGRRECS L BFORGELTTREARD FRICKO LB BHC—HEOER YT -
o KERBOREEORMEC WL OhOFELDS 57, FERIC LN THELOJFET
HELE#L, #NEhOBEY BECITEL, 2OBERLTLVIERAZFCET 235 % 8
BLELTVA, SEOEBCEATH, BRADIEVWE (OBTE), PEHEIEEEE(SM
B, SaAkdETEE ( PNSE), RS FESIHREE (S JE), Rod drop #:{RD#)
CIh, WhnALAFRBERRECOREETRESE LA, ABEFO 5 H 8 MEL L AUFCON
THWET L, EBRSBTOW T TEMICAE~N, MORFEEC L AEEC 2T n£h bl
BN THET L, _

SMEEEIHFOESEFBRCEELAHETS V) GRABOBOT =4~ LLTHWD
T &7, Davey L®LOCEREOEEL - 254k k BERLWOIER DN,
Ackermann ® L 5iC, LMFBRICHAT, F#EEHz 2 ECEARFRRES TOL
SERHIT i AW OEMTEARBREANEETH ALV IEELH L.

SMIEK B WTH, RERRETHEINARBBOERNAHEECREBRD FIGHE »
= CR:f% (1)
OEFEICHY, AR—EREINL RRORBHIEML TS TEOHEERTH b LEHET
B, Lo L OREET (EOhAEED S & TLARTEY, SMEOBRBMERN SO
CLTL%9, SBEREICOHTEEERLLATFIRR L YT T AHd, PHEFEOKE
©, FHFELMESORBCEIOEE®H 9, Lo LEBRBBAFLZETHC Yo%
BEEHIC L\, #2TAckermann " OERBEEENTAHEL LTORORD K

CR =57y (2)

BHELTnbd, COTWEBHEBOMBE*ZER L ARHDELL TESFEINTWVWERTS Y
(RLIRBI3IEEME), SEBALOLAL L bPEFROBOHREWOE(LE L TED
ANTSMEC L > THOhABEHBECL »THELL S ENO SO THE, COWER-
Tﬁbﬁﬁﬁﬁ&,%%%%%&knfmlbpﬁiff;;&ﬁ%bkﬁmiﬂ?ﬁTéﬁ
HETE T\, FCTHRARCIOLICERL 2 RLEICKRBRIL—%T 5L 0 kiliBE: &
AT EREEEEL, COLMBIC L) SMEDELZEIEL, SMEQEBEREL KT
B Lfe, SR ERETEBAE (MSME) S, ZEECENTEH, RO AR
EMTHLL OWNEBL TH-% S MEK L 2EEE, MSMEL L2BECONTHET 5,
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NP BEEORIGECENMCHET A LFL OB SMETS b, RIGE AL EEAOHRNY
BOBRICLHAB P EFERBSENALD H RIS T BG Lp O A EROFILCXL
TR BREL T 0T, C OBACHERO KD CHEERE
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I THEL A>T b LAl FECRAME, MEBOLE, B4C 71 & BB AHF D
PAGBEAEZYC LV EREBEOEBOBEHE L - T 45,
ﬁk@%%Kkm€@%%WK*ﬁK%KLTM%Puﬁﬁﬂé%ﬁﬁ%$ﬁ%%¢ﬁ%ﬁ
&Lfmémf,¢ﬁ%ﬁﬁ;%%%ﬁ@ﬁﬁﬂ&ﬁm%@&%bﬂacM%%ﬁll%m%
s, wEOEE T OERAL, RHEEERANORS: Bbh S BACERL 2, RIE
EEA G 5L L D ELTIMEDOB,C €v - 2525 %R, POFLCHALRELE
BT A LIS AN £n@A B.C B2 T, SRERITCE LBEEBY L0 L ORER
Bk W

LERITFCA IV—- 2 B2 BEKCEANTIT >, HAOHEET Fig. 1 o, WIE R
REEADT I 7o b EERICARE (A, B, C. D) HEACIFAHK(E, I, G) BT,
BEE L LTF CARFERAGO BRI bATWARBR (CH1 L CH.2) S8k
HH%(CHS5 S CH.6 )bk, BERNOHERA, B, CLCH.1, CH.Z2,
CH.5., CH.6DEE% Fig, 110, HERBESRDLERNEREBE, G, FOUES
Fig.2WmT, wHBOEH L oL b O BT Table 1 Wi, 3EMOBLC ¥
.5 A —BFNFREL,C v, TH, 164, 32RTHMINTA (Fig.3
4deoCﬂ%%B—7,B—16,B—SZ&%<C&K?%OB—7&B—1GWMO
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90 %BEB,LC ThHY, B—32THFRELBL0 vy tORIRALRIECXX90%
BEB,CHEBIO16YII80FBHEB,C THY, TRFNhOBEEDO B,C £~ 1 6%
FOTIMD Y 524 ~%ED, BMETLRTFECHEAT S, ¢ 1&XEDO B, C BHLFH
100g TH A, ZHHOB,CE> « 2 3275 — % ZABEROPLICANABEY R, BAIK
ANEEY PELEFHT, (BLB—1 62 THERBEOHEILLCRDATERY T
7o VB—320CH(BC—32 LT ) THFLOMAEEOPEFRERIAFET L LBMNT
ELEOBEFEHNOICB-32% AL AR EBBHUOMEALLERT -7, TNETH
BC—32(F), BC~32(M) L3, 20k 5CREFEKRIBO-T7, BP—7, BO-~16,
BC—32, BP~32. BO-32(M &BO—320M) » THED L LT D, EXFRBERABOCY Y - 2
SAF—DEAZLLNEMBLF+ 1 v 25 BALALOTH B, 32 OB E, BES
LoOBOBINE Y « 15322 —~%BWATHLLEHRLDT, PV a . Fpriard 2K
i, TORBYLTORFEORESL LA, BOCEOEBEZEABFEE 171851818
WF PN Ta  FrordalRTONAERRTNCERENSE, BPROEEARAT14-18,
15—180EFILF b+ ) v h Fpr R ABBRTLRTATNPREMS, BC—T7 LBC-16
T 18—18, BP-7TT114—18DF ) 24 - F o 2 AHBCYE Y 7 922 —LER
Ah, BCHLUBP-32TH2ADF M) v o Fyrd vl BERINALHTCASL, BO-32
(FY&BC—32 (M) THFRFRBEEH, BBHRAOAID 2EOF L ) v a7y v FARE
BahiLo bl b, FOHBE, BREZBEROLNLERACAEREL T2, NOKRLBO
%, NPELrBPRETHEUTEF M) V& Faur A BBCEY 72524 - @8I
hAaSRORDEEINAL YT AT E,
2.1.1 BIEFHACHE
BRDEHAEZNCELUNPRRCEATBWRBRRE (0,) CHT 258 8EOR, 26
Fhiai A==p; - OR,
LTk, KL ALRIGE /) EFTORELFIHLAFCAOHBHBOMLED XD
bbb, FCAOFIBBETI RV VELLIBMIEIR Tnd, 214 Vb FrBAOCKICE
DL Toml inson® 7~ 2 T L o,
 NCEENPHELTACEN# HOE L EHHADETEEEORNCL A L0 TS A,
AENDERTHFOEDZII NV, BEHRAKF P Y Vs - Fo 2 r0BBOERAREREN
BMEBATHFOER2%, CH1LFLIUCH.2T1%, TOMOMESHETIA0S FEETS -
. THHERIERO T AT LD reactiver M3 4 - —EHBOEDTIATWALRNES
BELTALHBCE N EEZ NS, BEFRAFPRDLZBEORWKRBEIRE (2,) &L T
3OOME (~—0.8, ~—0.4, ~— 0.2%dk/K)TATRDAE, TALTNLORETOAODE
Wit 1 FBRETH D, o TADHEREL PBEOFELINS L, Al -02%4k/ k T
FAEEEBE LA, CRAEREBERECEOFCADOHHECHALME LOBRTROLN 2, .
Ak, EHAOBECH, BRAIACANTEFES*RALABOEROFHEFR Vv A+ DE
B NE A Lk b KR S H ( SMRE ), #FMENRICE~L,
2.1.2 RIGEORSE : _
REREFOFEIEERHEECRTHEL T, 211 TENABEFEHATHANTENS2 -

—_—3 —
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Kbbh b, MECELTTF CADHEK Y BCRETHENCEDHRBIC T AHIEI, BP
RTHNPROBGREICHT LUBICE N, SHEECHMER 3 ~ 7 AfTNWETOFHEEZ N,
FOBELLTEARAHBEOREWTHERL £, MHFEORERREITH T 5 HBIELA
Kmtr, g2 75y VEERBROPBRFRL A CHFAL AN 7 P TH LR, THIC
@@.!Jﬁf%ﬁ)%ﬁ%/ 4 X Fission chamber Tl alWFlLAhAaarithdb, bk
Bl LA Fax2d  vakBELA,

22 RHMERER

201 TH~NABFELCLBIELAEREBC—7, BP-7THLUBC—1 6(RICONTH
Table 2 C7L, BC—32, BP—32, BC-32(F)&x LUBC—-32(M) ERICDNTH,
Table 3{TRL %, Cit5D Table R EERECHTA 1 1EEFRKOBEAEOFHEE
NORO FABETRL, SAEROBMMEEFERELDL (P /P)TRLA, 1 1RHBOF
BiEE RO LB, HEHE (7% FERBEBEOFELRLOBOEBRO 2% (RY) LOK
2R AEAL LA RIDEALLADRAEOER  CEATRGED BAESFLE
%ﬂ%%ﬁafﬁmﬁmﬁﬁmi%ﬁmﬂﬁwﬁmﬁf<ﬁﬁ&ﬁﬁbﬁ#%f%%9%ﬁﬁ
DEELRBAFEOFAHEOE b OSEL LROALZ, BO—7, BP—T7 HRLOWTHEE
FOEEEOFHEO K e BHBOELF LA LOBERLOBMRTFig. 6 KL,

CHZEALPEECTLELCLVBCEY - 7522 —(CRET(BEiEA, CHR1E LT
OH.2 THREEE#AE ¢ @RL, HEICEXAHMAED C D, CH.5, CH.6 THE
E%ﬁvh%(ﬁﬁhfaﬁmﬁéb,EUuCEV-ﬂﬁzﬂ—wﬂﬁﬁwﬁﬁﬁ%%@%®¢6
BHBEAE I, ACONTAILALT LS, Fig. 6, Table 2% LU Table3 bbb,
ﬁmﬁbmow1m3ﬂ7%Tﬂﬂ%%%ﬁ?é&i%@@@ﬁ@é&mz&oBwﬂz(F)
LBO—32 (M) O#HFETOBCYY « 7 72 % -OBHICHLTEKOFEALE DN TN
Ho

GEZrLE(CHLBRIEBE, FRIVUGEEWIEB,CEOE{LLB,Cx « 7 722~
®ﬁ§®%%Ki%fPVHOEﬁﬁKOBQiQOI&ﬁon%UMLGTQBC—MMF)‘
L BO-32(M)DHBAEIB,CEY » 75 2 8 ~DHEOBBOEREHIRENO THRELRL A,
w%%%#%ﬁ<K%éﬁ&%ﬁ%®ﬁ%%ibf@%®ﬁmﬁ&1%1%%5?%@%52
AR EN, Lo T - REEELLE L THAFHECONWTEL TR L, BRNIED
BIEEE, FalfGRLABAEOBAE (RHECHBICL LA WE) EHBIC1 FUAT
—&?%#ﬁﬁ%ﬁk%i@&ﬁﬁ%wﬁﬁ,ﬁiU%ﬁﬁW@%%f%oﬁt%iiﬁo¥
LEAEEE LY 1 3PSO, ROBRCLASDEFELLNRL, B,CEr - 7 72 A~
KWLT%WT5Mﬁ%%K®50H1,0&2&0&5,0&6m3mf£k&%ﬁm
%ﬁéhﬁﬁmﬁ&525CHJ&0&2@%%ﬁ¢éb&ﬁ%$i%Cﬂsamﬁ®$
%@%EET@5%@&&@Uﬁ%ﬁ%%ﬁf»—ff@f”@ﬁ%#%mf%ﬁ@%ﬁ%&
HEILTnAEFEZLLNA,
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W EEBRIEOEBITONTHLTREL S, B L LTHRD a” 2 R? Lo R L UFBAMSE
ﬁ%&okSOm%%%%bw4W?¢o“CTW%Tékf%mi¢$$%%¥ﬁ#Kﬁ;
AL e B bD Thih, o LhELETABE P RPEFEI LT EHACH~TORTI % ~
3%, PET3%~6RKERMBICR-TViA, THhFs P ERTHEFAOHBEOREN
R BN BOBABE K EABEAS LI ECRD, FTHRETD 7 v A5 {FNTnb
Me L TG, BEEHOER e 2-REESOEL D 05~25K% (KTl b, CHIEH
I (OB BEALEDRETTRL TWARCHIDL T b, BB ~T ff # ¥ 5T o~ %L RE
REHETATFHBEREARIOTHS I,

WMICHEAHBECEAEBE L 1 1 FHOSMEOF BHE ( a”?. Rzig,sm%@mtm TELTR
5. ENHEEEOBEAES L TBO-32 (F)EBC—32 (M) ZTHHERE L FORAED
B HE, FOMOERTE, FoGOBRMEORMTHEST & » THEET S, Tabledd
S AT N bOEE TR LR, o DRIEAOHEEHLTALE L PUTOETHEL -
LTw 5,

BREREC LD ROAB,CEY » 7 3 25 —HBOEPHEH L HV1 2RI = -
CITATION—2"C P B®EORIEED I HE L BHEO—RERD - 72. FEOFEMEX
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Tabtle 1 Detetor type and position nsed for
SM method
Detector | Detector type Detector position ?oirit::;t.eeré.:r;)m
A F.C.(U-235) Fg—18 55 2
B BF, Fr18-28 55, 2
C FOLU-235) F28-18 55 2
D BF, Axial blanket of F19—18 66.3
E *He Side wall of reacter reom 689.5
F ‘He Floor in reactor room 6151
G *He Back side of movable half 4233
CH .1 F.C.(U-235) |Start up ch. onmavable half 1393
CH.2 F.C.(U~-235) |Start upch. .on fixed hall 139.3
CH .5 Ion chamber L inear ¢h. on movable half 150 2
CH .s Ion chamber Linear ch. on Fixed half 150.2
Table 2 Measured reactivities of BP—7, BC—7
and BC—16 systems
11 channels’ average valué® and o/% of each
channel are shown
System BP—-7 BC -7 BC—16
—70H 2.209+0014 2.784+:0.009 4.686+0.014
A 1.101=0.004 1.001+0004 1.007=0.003
B 0.964+0006 1.008+0.00¢ 1.002+0.007
C 0.959+0.004 1.00310.004 101140003
D 1.017£0.016 1.010£0.009 1.081+0.005
E 0.992+0.005 0.994+0.004 0.998+0.003
L F 0.987+0.004 09960005 0.9924£0.005
? G 1.003+0.G03 1.006%0.003 1.003=0.003
CH .1 1.034+£0003 1.014+0.003 1.016+0.003
CH.2 1.0704+0002 1.035%20003 1.042+0.003
CH .5 0.975+0015 1.005+0.01 35 0.992-0.002
CH .g 09680014 098510014 1.001+0.002

{a) :Weighting funetion=0 R
B:1$=0595%2k7k

2

{from Tomlinson’s

data)
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Table 3 Measured reactivities of B(-32,BP-32,BC-32(F}
and BC—-32 (M) systems

Ir —_
11channels’ average value® and 0/p of each

chennel are shown

B(C—32 BP~32 BC—-32(F) BC—32 (M3

B TE P 7.098+0.035 | 57410069 | 3.620+0025 | 373010026
A 1.054+0.005 | 1.304:£0.008 | 1.060+0.003 |0.990£0.004

B 1.036+0.005 | 00968+0009 | 1.039+0005 | 0.Y89+0005

C 0.943+0005 | 6910+0005 | 1.029+0004  0.975x0.004

D 1.084+0007 | 0954+0.014 | 1.157£0008 | 091820005

o5 E 099440004 { 09830006 | 1.012+0.003 { 098420003
F 0.993+0004 | 0.983+0005 | 0.989+0.004 | 100220005

G | 1.013+0004 | 160140004 | 0.981+0.0603 | 1.034+0.003
CH.1 | 1.042+0004 | 1.088+0003 | 1.996£0.003 | L.055+0003
CH.2 | 1.061+06003 | 1.123+0.003 | 1.103£0.003 | 099050002
CH.6 | 1.000+0.003 | 0.924-0.020 | 0.985+0.016 | 1.0260.018

Cii. 6 0.959=0.012 093240019 1.038+0017 0,v46+-0015

fa),{b): see Table 2

Table 4 Effect of weighting function on average

value of measured reactivities apnd comparison
between 11 ehs.averaged value and three (or iwe)

far detectors’ averaged value

SYSt;r‘;iget e o .R® c° Eqi-weight fve;::;:rvf;i’(}(d)
BC—7 2.784+0009" 2816+0013 [2795+0011 |[2.780=0011
BC—16 468640014 |476510030 [474270032 1467420015
BC—32 7008+0.035 | 720740067 | 723750075 | 7.100+0.046
BP~7 220940014 [2274+00231 !2235+0030 |2196+£0010
BP—32 574140069 |[6.061+0.155 | 5860+0.195 |5678+-0.035

BC—-3 2(F) 3.620+0025 [3725-0.053 [3.743+0056 [3621%20.042

BC-32(M) 3.730+0.026 |3.734+0043 |3695X20046 |3701::0.034

{a) I eqi —weight averagéd values ; for BC—32(F) and (M) detector I
and F's values are averaged., for the other systems, detector E,
F and G's values ave averaged

):in dellar units 1$=0.5950%2kk
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10 15 20 25 20 35(F)
|
CH. 4 - CH.2
| (CH.1)
5 ! :
Blarket
i
,A
10
b iﬂer
15
PN5 Target : -|_|Na dh.
Sip gy ’ B4C kch
20 Test| zon
25
C
30
CH.6 CH.8
(CH.5)
35 j
(Fixed side)
Fig. 1 Detector arrangement in the core (BC-7 or BP-7 system)
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CH.5
Blurfket
.D_r_ixfr
® Teﬁt 5
Zohe
L y
(CH.1) (CH.2)

Movable half| Fixed half

i ! | ] J
0] [0.0] 200
(cm)

« et

Fig. 9 Detector arrangement in FCA reactor room
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B4C pellet  11.0%x 18-
SUS tube
@ H +
o inner dia. 1{1.1
o SUS thick. 1.0
length 457.2
Pin pitch 16.11
(units in mm)
—————50, 8
Fig. 3 B,C 7pin cluster

BC pellet dia. 11.0
BaC @ SUS tube thick 1.0

o
v Pin pitch 13,30
n

@ 7 @ (unitsin mm)
—— SUS tube

53.2 -

Fig. 4 B,C 16 pin cluster
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SUS tube (1.01)

LYY
T

® ®
- N

] [

* BC-7 SYSTEM
& BP-T SYSTEM

| 1 1 | 1

0.00
0

Fig.b

100 200
Distance between core center and detector {cm)

300 400 500 600 T00

Dependence of measured reactivity on detector

position
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3. EBIEWMEEF R ISE X 5 B

3,1 BESRBEFREMSE
rh b TR R D B A

—-0=A/CR (3)
Tdh be HETH, PHFEOKBLRELAWED, FILEO -2 FBOREAEET
A=—p, - OR, RO AODERRIEEHNERTONEEKETIAE T A LNEL THE

E
?hﬂéﬁi@rbﬁ LL, #RA% @O%ﬁi’?ﬁi;&@}if&ﬁ%@l%?%%%, ZOEED
S AEEERLATHD, Table 26 LU Table 3 ORRLCALNL LT, HRAL
LUBEFRAEL{THABNBEOUBEEERESL N
OB R MET LD @ﬁg%w,fAcMnmmmcmﬁwMtpm

*p($)=%¥}% 5%—’ "
CEDATHET - 2 2ETH & 2R3 Tind, HEOBNTH, SEIAOEER,
B0 HIfBARAINTOEABEY) BETAFHGREFRY B LUEMN T REEFRETD
Sl BARETE HEMEL, TLIT. Mt EFELL THOAICSM LA Pu SHO B3
BA AR T ASS s FHEEO 2L N T N EFL T, I FERAMAOEAICL LM
HA A O #5 H h 2E '

W= ‘/lvd./‘EZdGﬁdEdv

Sy [ E9dEdv
DGO ST A E L TRGES THRMETHEMFESL L L TnE, &L E,
BLUY, AHIEO b TR L CERO ABOB MM V5 LUV, EHRESBELU
FOOEBETH L, DS, ERER

— =R, A CR=2,"(—Pg) "
PhRBHLN B, & SEA=—p, *CR, , R, HBEDEOC KW W, THb, 2Fh, TOR
FNATIE, BEOSMETEIREABBASZELONAPETFRIAROESLORR T HHRY
BWODEAEL TR ANT, ADEEAALEEL TRHRONLLDE pouTBET 50 L7
L, X5 ELNLNESRAORG LY &7 s RIEHE, Bib, BROFEIEERE K
b

(5)

p=Ckeps —1) kegs (7
Cr > TEZINHEGEL —HL TWELE DA TL SBHE TR
FERHTFES O ORBARAKRE L v v EX
Le=M®+8 (8)
TEHAINL, LE LUMBFNTNRAUFIO EES L FARCRTA2EFETFTD 4, — 4,
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