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Reactivity Measurement in a Far-Subcritical Fast System (1)

Nobutatsu MIZOO, Masafumi NAKANO, Takehiko MUKAIYAMA and Mann CHO™
Division of Reactor Engineering, Tokai, JAERI
{ Received February 13,1975 )

Reliable knowledge of the suberiticality of a fast reactor system is
important for safety and economy in operation of an LMFER. Experimental and
theoretical studies have been made for the negative reactivities of a
far-subcritical system with singularity.

Seven subcritical systems of -2$ to -75 were constructed in the FCA
VI-2 B2 assembly, using three kinds of 907 and 80% enriched B,C pin clusters.
Critical balance technique (CBT), and source multiplication (SM), pulsed
neutron source (PNS), source jerk (S8J)} and rod drop (RD) methods were used
for the experiments. Kinetic parameters and reactivities were calculated
with 2-dimensional diffusion theory using 6 energy group constants condensed
from JAERI-Fast-2, with the effective cross sections for each 34C pin cluster
obtained by ccllision probability calculation,.

The following are described : the systems, tendencies and features of
the reactivities in each method, procedure of the calculations and the results.
The experiments and results including the correction in each method will be

given in later reports.
The measured reactivities by the SM method have large spatial effect due

to singularity of the B,C pin cluster for the detector set in and near the
assembly. However, the detectors far from the assembly give position-independent
results, which agree with those by the CBT method and by calculation in each
system. Large spatial effect arising from the position of a point neutron

source is observed in the measured reactivities by the PNS and the SJ methods.

% FKorea Atomic Energy Research Institute,
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Table 2 Critical pa:rameters of Assembly VI —2- B2

Ezperiment

lalculation

B ({test zone

R {(driver)

29.38 (em)

46.85+0.05 ( am)

R (blanket ) 72.17 {em)
V (test zone) 247.97 (£
V {(whole core) 630.5%=1 ()
Pu- fissile 101.64 (Kg)
U - 235 (driver) 424.95 £0.8 (Kg?
p - effective 1.000 0.998
Table 3 Measurad doubling time for 1 g4
Power N NP
(0.2—-0.4) % 107 A 70.8 sec 69.5 see
o | (0.3-0.6 ¥y 10° 71.6 70.0
[~
= ! (0.4—08)x% 10" 72.6 70.8
z _
o | (02-04)x16° 72.8 71.5
=1
= (0.3-0.6)% 107 72.8 71.2
(0.4—0.8)% 10" 73.8 71.7
Leasi square fitting 73.80 = 0.03 72.00+0.03
po o 0 ~50.00mwof SR Nal0

Tatle 4 B, and standard reaectivity &
Syst em NC NP

o, (%4k/"k} 0.04903 6.05000
Pu-—- 239 0.0600
Pu— 240 0.6017
$ | Pu—-241 0.0020
- | U — 235 .3403
g~ 238 0.1909
By (%) 0.5950

By Tomlinson’'s delayed data.

tS_
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“Table 5 Chemical and isatopic analysis
of B,C pellet
0% B, 80 % B4
B 778w/ 0 B 77.95 wo
O 212 » . C 2165 w o
Te 0.13 » Fe 860 ppom
Sy 020 » (la 113 ppm
Al 0.05 » Al <200 ppm
B,0; < 01 B;Os 0.045 w0
Ti, Cu, Mo, Na| <100 ppm  |Ti, (u,Mn 420 p.}:(n
Gﬁ* o <100 ppm Halogens < 70 ppm
Clo < 50 ppm Co 10 ppn
B (g70) 90.16 £0.02| YR (a/0) 79.914 +0.004
Table 6 Specification of B,0 pellet and pin

90%B,C pin | 80%B,C pin

Vo)

]

E Pellet 11,09 X150L| 11.0% X 45.3L
o

sl 2 length 457.2

] -

z s inner dia. 11.1

E| =

Al % SUS thiek. 1.0

e B,C 100.64 100.02
) SUS 141,74 141.73
N

&

@

=
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Table 7 WNC, NP, B and BP system configuorations

Lattics no,
18~-18 17—-18 14-18 15—18
System

NQ Na Na Fusl Fuel
B('—7 B—7 Na Fuel Fuel
BO 16 B — 16(90%)] Na Fuel Fuel
BC—32 B —16(90%) B—16(80%" Fuel Fuel
BO—3 2(F) B, is only in fixed balf Fuol Tuel
BO—3 20 B,C s only in mowable half Tuel Fuel

NP Fuel EFuel Na Na
BP—7 Fuoel Fue l B—7 Na
BP—32 Fuel 1{«‘mal B—16 (90%)| B—16(80%)

Table 8 XKinetic parameters for the measured sys'teemss%{é
System Bogr (%Y. flo (107° see) A (1078 sec)
N, NP 0.5956 0.272 0.270
BC—7, BP—~7 . 6.603 0.253 0.255

BO—-16 0.608 0.244 0.249
BO—32,BP—-32|0614 0.235 0.243
BCO70, BP/7C | 0607 0.254 .0.253

% (aleulated values by 6-group 2-D diffusion aq .{ R—Z)

with Tomlinson’ s delayed data.

mn
1 2‘1 B!ff,i
Beff iy m ,Z:“

= 11.258 sec. for NO system.
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FPhoto. 1 ByC 16-pin clusters

Photo. 2 B,C 32-pin cluster in assembly VI—2 B2
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5 10 15 20 25 30 35(F}
IR ! T T T
| N Yo gL I L _“_
cH.4 [ 1| RN ! | 1,1 CHz2
: I ——1 |
i Blonket | | !
A ]
10 ' ]
Driveer
7‘,-
15 | _ ‘ . :
P ! 1
L PNS Targe} | L el Ng dh. | |
o ik o iy ) ch )
20 | Tast 20
zsr—r . T
[ ‘ —
T 3 c# : :
30| | | ]
CH.6 _ —— T j ] CH.8
- 1 -
{Fixed side)
Fig, 1 Detector arrangement in the core (BO—7.0r BP-7 system)
|
DU DUO, + Na DU
Blanket Blanket Blanket
1k
- il _
NU : l NU
I .
Blanket Ho Blanket
- Tesf||zone :
Driver ' : : Driver
PNS 1l
—] L1

6 8 10 12 14 16 18 20 22 24 26 28 30 (Lattice no)

Fig. 2 Horizontal cross section of VI—2 B2 NC system
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w-2=-B2 (NC]

o~

@ CR# 1
4 CR#2
z A : S/R#ID O—50mm
o
& st To = 73.80 sec £y = 00490y %ok/k o
£
$
2
:E 4 i
o
&
3+ 8
2r Pl
1+ ey
1 | 1 1 1 1
a) 50 100 150 200 250 300

Rod Position { mm )

Fig. 3  Calibration curve of control rods of assembly VI-2 B2 (NC)

Reactivity Worth (£ unit }

8

e

5 w-2 B2 (NP)
£ : S/R#¥10 0= 50.00mm

& C/R#Z
@ C/R#1

05x1¢7A 90% BCS

4 Tp = 7200 sec ®
8 =0.0500, % sk/k

A

/

L L

0 L I I
&0 100 150 200

Fig. 4 Calibration curve of control rods of assembly VI-2Z B2

250

300 350
Rod Position (mm)

(NP)
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SUS tube
@ B4C pellet 11.0¢x 5=
g SUS tube
@ 7 : inner dia. 11.1
@ 0 SUS thick. 1.0
| . length  457.2
| @ Na Pin pitch 16.11

(units in mm)

0.8

? | 50.8
| (a) Used rod

r=3.14

r, =142.0

B4C radia=5.515

Pin pitch = 16.11
(units in mm)

Test zone

(b) Rod model for effective cross
section calculation '

Fig. 5 7—piop B,C pin cluster
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B«C pellet dia. 11.0
SUS tube thick 1.0

Pin pitch 13.30
{units in mm)
SUS tube
27.6 55.2
- - - 4
W .
W
r~ SuUS .
4N}
OIS
|
| o
o o
3[ Na Test zone @
<
(units in mm)

ff——162.8

{b) Rod model for effective cross section calculation
( one quarter )

Fig. 6 16—pin B,C pin cluster
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3. B s E o W &

31 BEDOAOELCKEME |

B O b A VER UG E £ W E T N ERER ARG A OFE T, [ ORIGEME &0
LCBRE L, &0 MRISEMEOEs b & OREREZOKIGEERD L FETS A
HMF~NEFORIBEDREE L TEBEEORINEL b b COFEEHFRSE ( B ORI
WA F Ik DBEFOBEEARINOBREPIDCELEL, ThPL, FRAL D ~ERR
2EHT LAY, chlBRACETL2HETHEOBTENEY TS 5, FEHENICEBER
EORRL, BERNCERSCRECDERICBIEEE I N AV, LAN - T, BRIEODLE
GERNBEDROKEEOHAE MRS CER L HBTEICE 5o & & ICHEE 2 BOHH
HTeh o, BEEORNET I ESCR, PHEMEISEAREOELBRERAEDTLN,
burn up OBWEICEL THEZHEHE % Bo

EHEF P 4B LR LOEOICANL Tk AT ~E{ER Table 9 TFRT
A, B, CO3BTs16BF T35 (Fig.8 £2F ), A, BEE¥EOBFE Y7 L sV
SAR/—THAH, CEPuCLAVNIASA—FdiLi, BROEFEOREFLEIAL EOV
A R—FEET A EREEE D e LAR-TBO—T7, BP—TOEEKRLDNHTLZ
DFEERBEINAH, FEREOCBEWMOEKERETE, BACTLETO N T4 S—fifnk
WICHERARTEETS %, A, B, COZEHEKY 74 —8{HLEMAIL & L& O RITEMEA
N &SR, BO /T OAZ(BO—7R VY34 S —%AMLTERLELAAE), NP&HFE
LYUFBP/TCHEE(BRP T DWW THARCERE LAGRE KD WTRD 2, BER
fEOBIEEZ, A, BELD2WTHEX ORTOMO AN ITA Hh Tink WREETHD %o
CEOCEAR , UPFORTOBARAMIhTWARET, BAOMOH EO N FLTHA ML
FREETHE S RO ke T AL, CAIMNT AL ZEFEFLCBRET TEMMIN TN S
rk, CHAIEDWTHRECSTTAMENLIE, $BITELTHE, EBIC, BC /7 0k
YUEBP /T 0T AE VS 4—B | LoOMIRER AR 47X, Br 4FTECHINL, 8
WODAE(8A) DS LA wAMT AL ot e, #LTHO/ 70T 28, BP/
7TO0THI1EOCHAR M A A—BHLaAMEANsT LICE ~ko

KB ~NEREREFOSEED, AHdhc ¥5 4 <=5l Lo hLh Ofifs DB %
MBI L ~THB Lk, V34 S—diHLoRIGE@REIXINC, BOST7 O IENP, BP
ST CnsHRETESEI AL, BO—T7, BP—TOEMBRET DN T I DD ORNEBR
Kb fHE % Table 100RLTH b WEIROKRL 2N TR, By 73242
D A THENRETO FF 4 5B LOMfifEs bRe 2 RERED FHH, 2~3 FEL
# 2 TWd, Table 10T 3 FABMICLARETH, SH RO 4 2HERALTWERDL,
BAK/ k~DEHEIFNTPRhOKIZIOC I 2 FRALEZTAETZ b %\,

3.2 FKERRECXBUE
EHAE X ARGEMED Y b, o T, PEFEREE (SME ), Sr2RgETRE
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T, G oHEEHERERT ke HEROMEEFig.1 ¥ IFF ig. 9T, SMERT
B, ALK, BHEL L TFOAR TEECAQBEBCFT LA TARERR (CH. 1,
OH. 2 )& LEBREB AR (CT .5, CH, 6 18Pk,
¢ﬁiﬁ@ﬁﬁﬁk%@W75%%M%&(PNS%kIHRJﬁ)THﬁ@®7W%fw
S AN . TF I AF—OMI, SEGkiC, BENT - A REANEEM P DA-SKRIT S
hfeAv -7 —ANL—01%BnT, I EFEBEPDP —0% v 4 FF o ¥2 4 - TF
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DELE PR EEFETHC EC L ~ T, WUEOEEEL B A T Lo Bk o 272, ABE
%%Ki%?—4%m®kbmﬁ%%®W$f—auMPDAfg&mmfmﬁ%—fw%ﬁ
L7 o

321 SETEREECLANE

T EE LT, KRR T 4 RE, GFEN BN A I FHOMICF CABHED
AL DA EBENL ARG 1 FHEEB LA (Fig 122759588 ), m%m@ﬁmﬁg
FblﬁG@ﬁ%ﬁFﬁAV—B%%ﬁK%W%F%%J@ﬁ#%ﬁ@ﬁ%#%&bﬁ e
R rEE LT EREERICE T A 2P RBOEREABEFETE RNk,
ﬁﬁ%@@%@m%m%ﬁc&mﬂp=A/anlDﬁbﬁoﬁﬁb.PR@%&%T%
Bo BHAGHTUHFEORBREELELEVWIRIAETS o EREL, NORINNPHROEW
%ﬁﬁﬁ%%kﬁ&ﬁﬁ%ﬂRlﬁ%A=-PyﬂRﬂlbﬁbﬁﬁ%%ﬂ%ﬂBﬂﬁlﬁBP
hZRBERELT, EHZOREEE R A, BEELE n AEEREEOREE ), 14 Vi
CHSATHEI A FOASEBOBRES, GHEE LA RIEEORMZR® S <V 4 ¥
@M%ﬁdTmhn“n@fwa(%bm43%%m1v»$ﬁm%ﬁuﬁoim%%kwﬁ
ﬁfﬁb¢ﬁb.Cﬁﬁﬁwﬁwéﬁﬁ$ﬁ$f—a@Kﬁﬁé@%%ﬁ&éma
MRy b b £ RIGEO B 22 h ol ERE &P LFL 2 bk a2 TR
o 0T L% BHWKL TKD L FHE~—p % Table 11 CTE+. BEAEIEO I bXRD
tro BedbT BL 5, BOC¥ - 2722 -DHLLEA BP&ZE, BOGREk~T, &
%%Kl%ﬁ@ﬁ@ﬁ%oéﬁ*%<.%@#%ﬁ%ﬁi%<&91méqFmﬁﬁmﬁﬁ%
I 0.595 X 102 5T A LI kb Tomlinson @7 —2 ZHncpd0 dk/k BUOHEILE
% ( Table 4 28 D,
Bn-7ﬁxmBP—7m%Kom1,%@ﬁ%ﬁaox5&&mﬁ%ﬁi&$%¥ﬁ@&
@ﬁwﬁme}OW??0@®¢LKmﬂﬁy»¢?zﬂ—&&ALkBO—7m%©%Q,
ﬁﬁﬁﬁ%WléﬁWt@@B?%dT%(&hcﬂﬁ B,CEY¥ - 232 #--0ELL%E
BP 7 hROBa B BENE LTFAER  TH B EOMERERHES LN, LbL, T
PEATLESEH LECHEN ABEEE . FrLifoRt 25llE0 I LoE dAAC, 3
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DEWI 2 BLRTH o7,

528 Sn R HEETEEIC L BEE |

T BB E L TEEHET 74 PAOBE XC@MART 7> 7 v b RODEE
&ﬁo4~f~%Mﬁ@¢b%ﬁbf@&%B&ﬂﬁﬁﬁ@@F§4ﬁ—ﬂwﬁﬁﬁ<mﬁh
A Fig.1 £8 Y, “r2hFHACEL SHMBHERDORBBENE, XFHTEL
TMQ—256 @4h, PDP—9 2B THIE LA,

IS Fl S C, EBRPETHS O 2 bERE—p =0 /Cq L X hROA F B
ORIGE % Table 12KFRT, MEBREBLLTE Iy ¥ PEOBRIIBELAR DI AL T E N,
B —4AR it 52 008HFEORNEE L L TEREFEFHRD? G 2RO B2E0 )~ 2 B I
KEAAw 225309 PERADAENILLH3DEEL LB, TMOEPDP~9CL 5
BBl EERER 2V EEL T I v, VAVBAO RIEE % Tomlinson @ F— 2CHIE
T3 A%k B OECEETHEBE, Table 8 KA FTEERO B 4B AATAEE b -
BV '

FEREOHBNBWBO - 72 BP—THhIZCREEFAT 77w b EBHAMT 5 v &
v P TOBPEER (—HL T, REAEFECRRZ L, ¥BFAT 7> & v MCHEA
T, MFBEAFTI 7 PCBEWABRESEIROECEME (HEOLBLL THEMEWIFE
EEETAD LTS BED B RS b1 B BHOEE FETS B SMEL LD &,
PN SHERC L ZEIEL RCAIWEIEELZTRL, HEEXAKE 22 L L KEHFDEN
ﬁkg<ﬁéncoﬁﬁuv—sﬁﬁmmrwérﬁ%J@ﬁ%%&fﬁﬁwgﬂ%?

3.2.3 $ﬁ%ﬁﬁ&é%%;am%@

TR e E LTHREFBT 7 2w bFRDA, B, OF LIFERNO FERAZL, AL
BT E LC T wsesruy PEMESEICL B 14 MeV b T3 Mlin, T @sithag v
—~ LYy w 2—RPBHUABZ L TERLAL, FHEFEFERAPNSEOREG LR —TH %5, &
B HHERIE TS < A5 e xs T~k LT Packard, ND—3300 DK PDP— 9% Bk,
flE7y—s0—FeH8A20CT T,

WEF — 2RO ESs LUENARBEIC L - TEHR Lk, MAEOBE, —AWAflct 2L,
b B AT SIS B — o (mztiz;n(ﬁ,"}f,i/z? VB 3 OR, /f CRWAt 4 LBHN B,
L, CRH ﬁ%'ﬁdﬂﬁ%?ﬁv’c I AR s TGy b'é_’t*%?iv:k"%?fﬁ."}i, CR L5 w 7275
vy A TR WATSHTFEBARBOSRETS 2, BRI HERLINGA 2 KK
T, BAER LY 5 I E OYHE % Table 130CmT , BEHEFT— £I1CHE Table 20~21
RRERINCOEEOTF - 252 Bnk, HIRET VrBLTH L bHTE ) EEPHETT — 2 ORHE
HEOERIE AT,

HEEECd S HoBHEEORBICRIE FOARKIEN & L TAPE-FRE KB REUDATES S
ORREBY AR, ARECLLIEFELFPURE ~RLAErRLAR, RFHREIH
SEOBECHENT2~4ETH ~k,

K FAOfES SMEDEES FREZL (BO -3 28R TIHMNIEREN )., Lis~T, SMEICLZERLPNS

(323 WRT STEREAFB I IAERFPUHET L LA, BEOVYAOEORWESEL ZTHE & 6%,
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FHTEFE LY 9 BADRBEAL CLOERNECHIKE, SMEDREELE~T, By
CEy + 252 F—2 DOMHBEOFMIEKE (BLLABPAERZTLAELZERS 0%
Ve CHIKE, ST (PNSELER) TERRCHEEFEEOBRTOHF T~ 205205
BERB b LAHKERD LKL bND . —F, PHFEMBCHT 2HEEO TBRAY
BkE <, BHTFELFLRLOFEIATRAEC 251 HB B, cn EATROKBE
AB IO L BEAME CE~NTEERE $—BTH%E D ASWEER L& R4 5%
hﬁﬁﬁ%FﬂA#xﬁ@%ﬁh@%%th&cSM%K&%@W@Ki&aa.SJ&M,
PN SEDEL IEBIL, RIEEF NI CRBaEN RSB Y, HIEERXE XS L &R
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Table 9 Positions of added driver drawers for OBT

Edge pame Lattiece nn. B 70 BP/7CV
Al 10-20 Driver Driver

A A2 26—20 \,..(HI_)river Driver
A3 26—16 Driver Driver

A4 10—-16 Driver Driver

B1 12—-24 Driver Driver

B B2 24—-24 Driver Driver
B3 24—12 Driver Driver

B4 12—12 Dr iver Driver

11 11—23 Blanket Bianket

12 13-—=25 Blanket Blanket

21 23—25 Pu-Driver Blanket

ﬂ 22 25-—-23 Pu-Driver Blanket
31 25-—13 Blanket Blanket

(132 23—11 Blanket Blanket

C4a1 13—11 Pu-Driver Pu-Driver

C42 1113 Pu-Driver Py -Driver

Table 10 Measured reactivities by Critical Balanee Technigue

—po (8)
System
N—base B —base
BO— 7 2.77 £0.01 265+0.01
Be— 7 220001 2152001

N—base ; from edge worths in NO or NP system,
1 8=0595%4k. k
from edge worths in B(,/7C or BP./7C system,

18=0607T%dk"k

B—base ;
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Table 11

Table 12

Measnured reactivities by Source Multiplication

JAERI—-M 6066

method ( 13 channels avarago_d_)

System

($)

BCO—7
BO—16
BO—32
B (' —32(F)
BC— 320
BP--7

BP—32

H

2.78
469

+

[

7.10
362+
373 &

574 +

0.01
0.02
L 0.04
0.03
0.03
221+ 002
0.07

Measured

reactivities by Pulsed Neutron

Souree method

18=0595%4k,/ k(Table 4 )

System

| Run no.

—F

{g).

B(Radial bl.)

D(Axial bi.}

250
2.5 1

*

o

0.01
0.0 1¥

2,50 4 0.0 1%

249 +0.01

4.03

414

I+

E_

0.0 2
0.0 2%

3.92 + 0.0 2%
406 £002

561

H

0.04

546 =005

BP-—-7

1.97
2.0 4

I+

I+

0.01
0.0 1°¥

1.94 + 0.0 1%
205+ 001

BP—32

w| o =3 L=2 B | = W N = ]

10

4.89

0.02

459 003

# PDP—@, otherwise TM(C—256

Table 13 Measured reactivities by Souree Jerk method

System r
A B
BO—7 2.66 = 0.03 2.60 * 0.05 2.70 % 0.02
BO—16 | 434 +0.04 103+ 007 436 + 0.05
BC—32 | 6.07 + 0.26 543016 6.04 =006 612 +0.08
BP—7 2.24 = 0.03 2.15 2 0.03 2.22 £ 0.02
BP-32 | 535+ 015 487+ 007 515+ 0.09 519 + 030
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Blanket
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o4 Driver zone B |
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® ® ®
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e 0.290 ¢ BC-7 SYSTEM
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4. FUGHE X % OO

4.1 HEDE:=

HEORNE Fig .11 1C R+, TARRI—FAST ( Version 2 ) 2 5 FHHimAE t~ + &/
T, 1R — FEXPANDA—4D [0 X 0 1 RTE ¥ —< 488 % X 0K 6 BB 0BT
o PEERLA. COBBHHEFLy PELEOBOCY Y « 272 2 -—OEMFEE %
ﬁbé%%%%%mﬂ-PﬂLU#mﬁl@PLUﬁﬂngﬁﬁﬁﬂ,é%Kﬁ%@%ﬁ%ﬁ
5 o B 5 — ¥ OTTATTON—2 "I S . 2 (LR B T R — 2 165 TEAEE <
S A— 2 YTREFIRSw 2V 7B ko, COBLRFER LT, 2RTX - YEHEST
w, BRRORIEE® Rib o

SHE OB L HELTAER I RTEHETY -S43k, R Table 14T X 51T,
BEAEETBLL L LSOEELTWES, BOFORGE*HERRZ(NCE) THEAL TR
et e Bl TY FORIGER 0.04F0W D RADAT, SOMEE6BE Lo B
AUt 25804, 6, 8, 11, 14, 250%FTEY »TIT %o Table 140 B Of&k
FEBC— 16 i EF AERTH Do 1 REF —<AHETH A v ¥ 2 HOTHE SBE~L
ﬂﬁoBﬁ%@BmEy-aaz&—@Aafmaﬁ&@ﬁ@}wy;mmﬁﬁ%%¢éc&
B sk, BHEHLERROEF TN ORTHBML TH~BE, ABMEABO A v 2 M T/
ELFTHEHWBOREOEGERKE(EZDY, #0Z S OEFE T A 22 em & lem
TH4%, 1lemd 0.7 em TiL 0.8%, 0.7 em & 0.5 em TIL 0.3%DEMNE U,

QRTEHERO 6 B HFEME 1 A THSEX0o 2 sHEAFHE oG +H 4+ HEABH
L LTk e RERFBTH AR Fixed source mode O EHFHEOHHEFELEIBLE &
FTNELDOTHBE, FOERKELTI N b LEEHEHED HE B ni, Fixed source
mode DR EEGFHET 2 HEXEL L, ER ol RS LB ERC BEL T 5 LBy &
L, LAV ERPNOTHNOHREE L TABTLE L, MMNEERBCTW, V5 Fw b
ZHE A s Ao 2 ik AT TR £, FREEELNC, BO—-T7, BO~-16, BC
—32, BO/TODREKELDATITW, EREMNETAENP, BPRLIFERLAL, 2L
L, FOADOEEIE, 4%, 7 1A - Fovidn, 2LXUTIT¥ra P C2HWTHEHNC
R OEa kT OBRECH i, BOE Y - 2 7% 5 —ORBREHRO W BR S & TO%h
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Tahle 14 COnllapsing effect on the reactivity
G NC ke BC Koy —dk (@ — p (BAEK)
25 1.00622 0.97902 3.020 3.056
10 1.00973 0.97950 3.023 3.056
8 1.00973 0.97950 3.023 3.056
6 1.00973 0.97951 | 3.023 3.055
BC NG
Ak=kffcf—k::(; v :%:%
Kegr - Ketr

Table 15 Axial buckling B? for the measured systems

Systan NC', NP | BC-7,BP-7 BC - 16 B(- 32, BP-32 |BO/70, BP0
BZ(x107%) | 0.6745 0.6767 0.6780 0.67 95 0.6754
BZ ; Region and group independent system-wise axial buckling.

Tabhle 16

Effective macroseopic absorption eross

sent ion

and diffusion constant of 7-pin and 16-pin cluster

celeulated by cellisinan prebability method and

diffusion appreximation

Diffusion Const. D Absorption eress section Xa

G | Colli.pmb. | Diff. Colli. prob. Diff .
. 1 33884 2.9797 67713 (—3) | 6.9754 (—3)
s 2 2.6016 2.0084 8.6884 (—3) ; 8.1739 (—3)
E 3 2.1214 1.4027 27237 (—2) | 28475 (—~2)
1 4| L6060 | 10969 | 59690 (—2) | 69853 (—2)
A | s 0.6449 0.4555 1.2708 (—1) | 21669 (—1)
~ | 6| 09273 | 0.3461 | 19061 (=11 | 6.1067 (—1)
1 2.5173 2.2136 1.5190 (—2) | 1.5439 (—2)
E 2.1 2.1329 1.4 488 1.9929 (—2) | 20514 (—2)
E 3 1.7543 0.9239 6.4452 (—2) | 66708 (—2)
: 4 1.36 36 0.7568 1.4541 (—~1) | .5460 (—1)
= | 5| 05710 V.3460 3.8464 (—1) | 47700 (—1)
= 6 0.6127 0.1857 7.3190 (—1) | 1.3847 ( ¢)
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Table 17 Effective macroscopic ahsorption eross section and
diffusion constant of 32-pin ecluster calculated by
eollision probability method and diffusion approximation

for comparison

Collasion probability method Diffusion sppreximation
90% euriched B,C | 80% enriched BeC . 90%/80% B,C mixed
a D Z, D 2, D X,
1 25382 11.4811(—2)12.3855{1.2954(—2)(|2.162011.4471(-2)
2 2.1676 [1.9268(—2)12.0437{1.6809(—2Y,1.4512[1.9017(—2)
3 1.7855{6.2608(—2)|1.6746[54733(—23{0.9259 6.2245(—1)
4 1.3918 {1.3830(—1)[130121.2193(—~1Y{0.7565(1.4292(~1)
5 0.5502 |3.5601(—1)}05158{3.1847(—~1)/0.3539 [43732(—1)
6 0.6]17L7.1438(—'1) 0.5589!6.6719(—1)]0.1643/1.2861( 0)
Table 18 Critieality of system calculation
System iI NO NP BCAO Br. 70
Model ecale.p (%dk/k) +0152 +0191 ~0027 0115
E | Gap effect(%Ik/K) |-0168+003 |-0168 1-0.03 |-0168+0.03 {-0.163 003
é Excess reactivity [0.171 40003 |-0.230+ 0003|-0.021 +0.002|-0.162+-0.010
£ | Collapsing effect =005 -0.061 ~0.051 ~0.051
£ .
&
Corrected cale.p (BIk/kI~0238 +.0.003 | -0.258 +0.003 |- 0.267 +0.002| -0.266 =0.010

Experimental Pf§ are equal zero for all cases.
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: - -1
Table 19 & -Group -enopstants of ¥, , vg and ZE a

- N '
G L2 Ve Pu-239, Pu-240
17-235 U238
1 0.5 58 3 0.4663 -9 0. 0. 0.
2 0.3435 08637 -9 0.74 0.78 0.79
3 | 00857 1.6368 -9 0.26 0.22 0.21
4 | 00125 3.7066 -9 0. 0. 0.
5 0. 11.9700 -9 0. 0. 0.
6 0. 34786 -9 0. 0. 0.
Table 20 Bogs; and o7 of VI—2 B2 NO systoem®
Pu-239 | Pu-240 | Pu-241 | U-235 | U-238
& 1 0.0023 0.0000 | 0.0000 [00129 | 0.0025
2 0.0168 0.0005 | 0.0005 | 0.0725 | 0.0262
o 3 0.0130 0.0003 | 0.0o004 | 0.0640 | 0.0309
o 4 0.0197 0.0006 | 0.0008 |0.1385 | 0.0741
5 0.0062 0.0002 | 00004 | 0.0436 | 0.0430
6 0.0021 0.0000 | 0.0000 {00088 | 0.0143
;e 2.950 3066 3010 | 2480 2.758

% Resnlts of 6-group 2-D R-Z caleulation wiih Tomlinson’s

delaved data



JAERI-M 6066

Table 21 Valueg of (saa-l)
m*;‘“‘j 1 2 3 4 5 6
Pu-239 | 00128 | 00301 | 01238 | 0.3254 | 1.122 2.6 97
Pu -240 | 0.0129 | 0.0333 | 01349 | 0.3332 | 1.356 4030
Pu -241 | 0.0128 | 00299 0.1238 0.3519 | 1612 4621
U -235 | 00127 | 003170115 0.311 1.4 0 3.87
U -238 | 00132 ] 00321 0139 0.358 1.41 4.0 2
Table 22 (aleculated reactivities
{a) (]

System Kef -0 (Bdk/ k) -o (%) -0 (B4k/k)/0.595

NC 1.00152 0 0 0

BO—7 | 0.98511 1.6 64 2.760 2797

BO~16 | 0.97357 2.867 4715 4818

BC—32 | 0.96107 4202 6.844 7.06 2

NP 1.00191 0 0 0

BP—7 | 0.98893 1.310 2173 2202

BP—32 | 0.9696 4 3322 5410 5583

ref
@ p= k:,qf:Ee_g__ ref =NC or NP
Kegs * Kegr ' )

B 0.595% is He;y of the reference systems (NC and NP )
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Tabie A1 Detector type and Dead time
H
. C‘ount ing rate
Detector Dead time 7
Detnctor type at 0.4%X107" A
posgition {(psec) of CH.6
A FO (U -235) 5.8 1.7%10%ps
A’ e 6.0 2.7
B iHe 10 2.4
C FO(U-235) 7.0 1.6
F *He 5.9 2.2
Table A2 1—D eylinder calculation for cross-section
¢ollapsing
Out.nr(cm)
3114318728 2618435129 (459835762 72196
radius
Material Na NT Test [SCR-homn Driver Blanket |Blanket
B—7
B—16
4404
B—32

Table A3 1—D ecylinder caleculation for caollapsing of

B, eross-section

outﬂr(cm)
. 0.5515 1.3278 1.8942 3.1143 8.728

l‘l‘- radius
B |Material |[B,C'(90) Na. B,(90) Na NT

()l.lf.ﬂl‘(cm)
) . 0.6171 { 1.2639 {1.6690] 2.5368 | 3.1143 8.728
— radius :
|
B [Material SUS | B,(80)| 8US 1B, 090} | 8US NT
~ B.sC B, BROT
m | Material T8 8US 8US or
;‘q (90 or 8O) {90 or 80) BooT
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Table A4 6-group cellapsing effect on the reactivities o
(Bdk k)
System 25 G reale. 6 G cale- 4 p
N 1145 1.196 —0.051
BC—7 —0.610 —{.5 58 —0.052
BC—16 — 1644 —1594 —0.050
BC—32 —2.748 —2.700 —0.048
BC/7C 2044 2.095 —0.051
p = ke”—l. dp=p%—0%, 1-—D R model eale.
ke gt
Table A5 B.4 by three kinds of delayed data
()
Data [Keepin Krick &
Toml inson
Syst em - Sandmeier Evans
N(, NP 0.5775 0.5950 0.6081
BC—7,BP—7| 0.5851 0.6028 0.6162
B(—16 0.5904 0.6 083 0.6219
B(—32,BP—32] 0.5959 0.6140 0.6278
BOA7C, BPA/TC 0.5890 0.6 069 06199
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