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Experimental Studies on the Characteristic Values

of a Reactor~Composition~in Fsst Systeums

_ ﬂasafuul NAKANO
Div. of Reactor uﬂslneerlng, Tokal, JAERT
(Received ﬁug. 1971)l,

Py sl

Abstract —— Measurements of the characteristic parameters of a reactor

. compositicn are. VEry lEpOTtaFt esp001ally for fast reactor systems not
only to know the characterlo*lcs of a compos1t10n but also to evaluate
the CcTross sections used for reactor caWCulatlons. .

A method for the experlmeatal determination of k 4 a characteristic
valﬁe of a reactor comp081tlon, is- propeged by using the reactivity-
worth of the central cell. The"quantity-k»; may  be regarded ags a kind
of infinite multiplication.factorndeflnod in the fundamertal mode
spectra which are independent of spatial problems such ss the ghape and
the boundary of the medium, ard vprefora sccurate calculation methods’

_ are ava;lablelfof fkm . The expnrlmental result on'FCA shows that this
method provides one cf the uweeful data in the evaluation of the cross
seétiOﬂ‘llbfary used for reactor calculations.

From this pr1nc1ple, a new method of analysis is also derived Ior
measuring the inflﬂlte mualtiplication factor, ko s in a test zone w1th_
a composition for which the vaiue of kK., 1s nearly unlty The new
method was applied for the Keo experlments carrled out in FCA and
compared with usual oné. This method gives the theoretical basis for'
koo GxXperiments on fast reactor systems and also pernits rather simple
calculations.

Prom the experiments, it was also confirmed that the experimental
value of k for typical large fast cores could be obtained within
£0.01 on the zoned sysiem which had a central test zone larger than

 fifteen times of the mean free path.
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Table 3.1 Afomic Densities ond Critical . Dimensions
N " - of Assembly V-2

Atomic. deristty (10P&i®)]

Material Criticat dimansion

Core’ | Blankat
Pu-239 | 0.1046 — | Gors
Pu-240 | 0.00933 —

Pu-241 | 0.00107 —_ radius  33.6 cm

U-235 | 0.1470 | 0.0289 ‘length , 61.0 cm
U -238 | 0.5836 3.9880 .
U olume 216,
0 13401 | . - . yolume. 218.2 &
Na . 08134 | — Blankst
AL 0.8830 —_ ' '
Fa 11950 | 0.6652 axial thickness 30.5cm
CNF L 01535 | 0.0796 . :

EU Pu A%0s No

50.8 mm

“
——50.8mm

Fig. 3.3 Cell . Structura of.
Asssambly V-2 Core
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n N
2 8 &
| I L

F
[s)
T

R o S L ) ]
o 50 100 150
SRR ‘Rod ‘Position x {mm) ¥ :

Fig. 3.4 Fine Control Rod Calbration Curve.
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EOTFBMREBT A LD Fig. 3 2 AT L O ICELFORRAE WD DO B
By A D EEED O ARN BB Y ESROREFEO T 5 ¥ sy P RICH D, B
B OEEE A1 L SASRREE & hud HIEEH O TR SRIL RS T & B0 R TS
BeENnTinh, D :

Fig.3.41C fine control rodDBMEMMTRT, BIER2 BEICAHT THD R, TT5
1 Eiifﬁﬂi}imﬁﬁ{@@d\‘é%‘ﬁ‘y7"»@1’:{3‘?,/_&%—%@55Fﬁnﬁ-??ﬁ?@ fine control rod OArE
Db s BB TOFEO fine control rod ®EAFIY Y ORIGEMME 1o/dx TfE
DB TRDA, COBAEY Y 7 AOBUANICHED fine control rod QIEDFNL
I EAE DAY LOCLT EOBEREDET, RICTCORMEIY b O RIGEMED B itE
EALT, NIEEGEOHA MR E KD, B2 BEMELT fine control rod DUELTAE
((50mm #b150mm 27T)BALAEEEORSEBAETT TIC Y F MRICEDNT
@Eéﬂf%%ﬂ@ﬁ&@ﬁ%%iﬁiﬁfibfMecmnolmd@&ﬁﬁﬁﬁ@%ﬁ%
i B, FOHR, BECHECH AL 0 0 mm S TREZESS YO fine control
rMQKEEm@@%6x1o”ab%/mnféokoC®ﬁM@%ﬂ%%%@®%@ﬁ@
ﬁmﬁm@Lox1o‘%m/h@m®%1/ﬁ'f%%oﬁ%b,&UfV®w%ﬁ#%m%
B ARIT L DT BT HUSE M % 8 A O BRRETO 7 — 2 —(CE KEEPIN O
9 %@,

S ) R IT B £ 91T fine comtrol rod OArEE HEMEL w7 10
ﬁ&ﬂﬂ%@ﬁ41y%xvﬁ—%6?#V%»@%ﬁﬁ&bf@%bkﬁ,Eﬂ&bf,ﬁ
HEROO O BOBMER LR LB DTS L1 0 0 FICHERLTHBLA, BRAREFHIO
gL th, EEIELT, 200 BKbeDT2HECERLAZL 00 MAD fine control
rod DB OEHED L RB A, FHIIS 0WOLED fine control rod OfEDE L™
4 0.3 mm B THOROTERGLD S OE finaimontrol rod OEFTE 0.0 Smm
BEORETROD OIS EHELT LN, '
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V- 284K EP,, BEBLHAVWTHAQ TRl B L 2RRENVD L, O D LE
SOREERANTALRF CAGTALRNELRTH LA DICHESKROHEE L TR
THERNEL L, FLOBREELACEIRIGED VY 7 P SETFEHBIE N, IGE VY
7 P ORKEEFE LTHALV - 2 866 TH2AY ¥ 7o midRIC L 5 VY 7 7 - 8hROH
ST AR AS BB A fine control rod OABORBHME(LE Fig.3.5 [Tt Ml
SR RESROEERYTHL, Vv 77— HROHEETHRESEDTLETE T HE
FHEAHImOBHELIC P Y 75— HREERAOY v I A LBy T AL ETAMLTE
kX, WEREECFORLCHALTERY v VAT B ¥y 75— > 7 QRIBEE
FEET A NbWE AL vdy v — s —EERNTNAEID b4, —FO T T AN
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HEBEEE 2N, ¥ 7 ADHEA, SIEHECKRPELBAMELO0 0B TY ¥ 7 +OBEA
IhAeREL LG RHEIARARBAFTRENS 0 0 B I OXERH (. B AL T O&500
BOO LYY S ORI L ABERERTAHERLAEZLD 2 0 0 BHILCONWT 2 BELE
L7100 00 fine control rod O EDFEHED LHRDZ,

Fig. 350645 L0, HEBENASH5000 B (1.5 5HH) BELRILEO NI 7 ¢
HRECAXL10 Cak/k BEORGEELTRT, LoL, TTEFETIOCHEEY Y
ARl RE Y T AL FRECHRL R, EEY S A SRAINABRREORITET
LEIGEF) 7 b 2 EQFENUT A LR LDT, BRAERO V) 7 L OREWBETH—AD
v FABALOTRDAEY » 72O REEMECMNEEOE S > & CHEOREDFAM
bt LOX10 "ok /k BECAEL, Py 75— v ORENI S 0 COBEOHE
R T AR e TERETNE Y Y T A ERBLABEICHET S EEL T
I, COBORERELEOHERTABRMARRBLTEY, RORKKEY ) 7 M4 2%N
OTA4 Y v r— 2 —ErBALABAORGEMAONERE L+ 1.0 X107 kg
LF b3 RN,

EEBRTHY I AORGEGEOBECH RO VY 7 5 —RBEFL L OIS v A
v — A —EREAL, &Yy 7 A ORIGEMERLT OMBICHE L AFEEY ¥ 7 pRRAS
NEBAO Fine control rod OAE RN, HEOKIGE VY 7 P #HKAPTHIEL
CRBR, COHERRALE, FREAKENE, BEFTHLICLLRESKDOETED
BEE(RISET2X10°° ak/k MR C4EBEOMLEOHE+ 0.0 5 mm CLLHERD
RIEEOBERM (x5 X107 ak/k) OXRIBHELKL. ERORE TR, —RICH%
%%@@%%E%Kﬁﬂéﬂék%&ﬁm%Fv7}K;éﬁ%@é@%@%&é(?ékb
T B A AT, SIS ESBORIEIERNTFEFELTY ¥ T A ERRL L,
LetioT, ¥+ 7 ORIGEMEOMEMRERS 1.0 X1 0" ak/ kK BELELTL N,

3.3 RE@RLBI
kT OEBRETRKDLEIC, TOHERLE LELHLL AY 20 v ORIGEBE L 2%
BRTHEBERORIGEMBEORNEM%E Tabled. 2ICE LD D, * N T AR MEOK
IGEMEOMEE, METHR~X 5, A EETASBERORGE BT TOMET—
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- (1078 k/x) :

20°C

HON —

350°C
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L © b sompleln
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Fig. 3.5 Reactivity Drift in the Measurement of Doppler

Effect of NUO, Sample

0.27
0.53
0.50
0.33

-5.88

-5.78

-5.71

‘Table 3.2 Reactivity Worth at the Core
Center of Assembly V-2

Reactivity
Sample -Worth
SR (107% ak/k)
“Cell (1 pack) -*?52+02
Pu (2- 2- 1/16x2)__ | 443+0.1
EU(2-2-1/8 x2) | 31.6%0.1
Na (2-2-1/4 x4) 0.89 +0.02
Al,05(2-2-1/8 x4) 1.38+ 0,02
SUS ( total ) -2.49+0.10
Sum (1 pack ) 75.7+0.2
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Table 3.3 Variation in Kk e Value of Assembly V-2
Core obtained with Various Cross Section Sets

Cross Section Set | JAERI-FAST RCBN ABBN
kY cal 1772 1.794 1.839
£ 0.006 0.007 0.007
f{ Pu+Eu) 0.4475 0.447 1 04517
f (Pu) - 0.2708 0.2596 0.2637
f (EU) 0.1767 | 0.1875 0.1880
Otcell)/P(Pu+EU) 0991 +0,004 |
Ptcell)/P(py) 1.697 +0.006
| Preeny/Pieu) 1 2380+0.010°
kmexp (Pu+EU) | 1.8O9 £ 0.006 | 1.808 £+0.006 | 1.823+ 0.006
ki oxp (PU) .B61 £0.006 | 1.800 +0.006 | 1.823+0.0086
K oxp ( EU) 1.736 20006 | 1.819 +0.006 | 1.822+ 0.006

Table 3.4 Comparison between Calculated and
Experimental Values of PiPu)/ P(EU)

Cross Section Ctru) 7 C(EV) '
- Cal / Exp
~ Set Calculation | Experiment
JAERI — FAST 1.533 .402 .09
RCBN - 1.385 - +0.006 0.99
ABBN 1.403 1.00

Table 3.5 Comparison between Calculated and
Experimertal Values of ki, for Homogeneous Core

of Assembly V-2
Cross Section ke
Set Calculation | Experiment
JAERI -FAST 1.772
RCBN | 1,794 .8110.02
ABBN 1.839

—30-
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- Toble 3.6 Calcuigted Values of ki and f
obtained with JAERL- FAST and ABBN Sefs

WV -1 Test Zons MONJU  Core
JF ABBN |[JF/ABBN| JF | ABBN |JF/ABBN
k% ] 0941 | 1.010 | 0.931 | 1.320 | 1.396 | 0.946
f | 0.0664 | 0.066¢ | 0.997 | 05206 | 0.5067 | 1.027

Table 3.7 Atomic Densities
of NONJU Core

Material A{;’ggg f:;g';y
Pu-239 | 0.087
Pu-240 | 0.023
Pu-241 | 0.0058
U-235 | 0.0014
U -238 | 056
0 1.34
Na 0.976
Cr 0.349
Fe 1.313
Ni 0.174

-3 1._'
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Table 4.2 Assembly Dimension

V-1 V-283
g radlus (cm) 18.9 20.0
;‘ length {¢m ) 40.6 45.7
& | volume (£) 45.8 87
radfal - -
" |_thickness (cm) 7.5 7.7
o “axial ‘
E: thickness (cm) 7.6 7.6
volume (4) 76.4 1 89.6
« +  radial :
2 | thicknessfcm) 27.0 25.7
S5 axial .
@ | thickness (cm) 2574 25.4
control| _ —
fine I rod | : :
itrol rod rJ U D r
i | 11
T I ]
S ~I—Driver
] i r
“Test Zone
Rl i
L] d
|
Biankel 55-2i"‘l T

| Fig. 4.2 Cross Section of Assembly N -—1|
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Table 4.8 Variation in Calculated Values of Assembly V-1
due to the selection of Unperturbed System (ANL-635set)

- No. 1 2 B 3 4
. + + +
¢ ] ¢+ ¢V !¢-: ¢V + ¢f ¢f ] ¢\f ¢f |¢f
R:ggrﬂv Pay | 1.486 | 1.472 1.477 1.466
(10%ak/k)| Pey | 6.065 6.075 © 6.061 6.072
€, -0.002¢ |-0.0019 | -0.0020 | -0.0018
f 0.0666 | 0.0667 | 0.0666 | 0.0666
K 1.0127 | 1.0129 1.0128 | 1.0130
feo exp. +000{5 | * 00015, *000i5| 1t 00015

Table 49 Comparison between Diffusion and Sa
Calculations with . ANL-635 set

Assembly V-1 V-2
T SR as
Method Diffusion Sa Diffusion | ~ Se
£, | -00021 |-0.0024 -00235 |-00248
f 0.0666 | 0.0663 | 0.1503 | 0.1498
" | 10127 | 1.0124 | 09495 | 09484
eo0kp +0.0015 | +0.00(5 | +0.0039 | *0.0039'

" Table 4.10 Calculoted Values of the Correction
Term €, and its Components £, E, -

~ Assembly V-1 T V-2
Cross Section Sef| JAERI-FAST| ABBN  [JAERI-FAST.| ABBN
Keo 0417 | 1.0089 | 0.8984 | 0.9709
€ | 00005 |-0.0013 |-0.0049 |-0.0143
€2 -0.0002 (-0.0009 |[-0.0018 |-0.0024
£ - 0,0007 |-0.0004 |-0.0031 |-0.0119
€, = Ko/ ki =1 , € =kh/k¥-1
- km/kz. - ] ~ 8 + 82
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