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Experiment and Analysis of Sodium Void Reactivity Worth

on FCA Assembly VI-1

% *
Keisho SHIRAKATA , Toshio SANDA , Yoshinori GOTO®#,
Hideo KUROI and Jitsuya HIROTA

Division of Reactor Engineering,

Tokai Research Establishment, JAERI
(Received January &, 1982)

This report presents the results of experiments and analyses of
sodium void reactivity worths performed on FCA Assembly Vi-1l, which is
a physics mock-up for the outer core of Prototype Fast Breeder Reactor
"MONJU". Sodium void reactivity werths, such as channel void worth,
axial distribution of void worth, void worth of central small region,
and void worth of large region were measured. Analyses were made with
AGLI library, JAERI-Fast set, and etc. As the results, problems on the
central sodium void reactivity worth were identified and following
conclusions were obtained: Calculatiomnal treatment by fine groups is
necessary for analysis of the central void worth, and sodium resonance
at 3 KeV plays an important role in formation of central void worth,
and AGLI/0 and AGLI/1 libraries still leave inaccuracy in cross séction

data of sodium to be solved for analysis of the central void worth.

Keywords: Sodium Void Reactivity Worth, Experiment, Analysis, FCA
Assembly, Physics Mock-up, Fast Breeder Reactor, AGLL

Library, Fine Group, Cross Section
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Table 2 Na HAEO~FEELER
AR A8 | VA4 B
s E (4rs) 2x2xy, | 2x2xy 2x2x%*
Na OHE (g/1%) 11.310 11.550 7110
SUS OH & (g/1H) 2413 24.05 10039
Na 1.8080 2 1.84637 22731
HEWREHBHR | Cr 0.30869 0.29407 1025150
(10% /em® ) Te 11457 1.09789 0.90727
"Ni 014726 0.20068 017095
2 o S R Na 19141 0.19547 012033
WBFEDLvs N |-
15479 an’PicsE A\l Cr 0.032681 10031133 (0013315
193 5BE0 €L
T4 i : Fe 0.121209 011623 0.048030
1042,/ cm® :
Ni 0.015592 10021246 | 00090493
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Table 3 F4 > %2 VEABRPHBOHFEHER

Void F¥ & .50

| Void 8 | B.LPLEALOEE |BREInANaB | EAEF Void HF

{cm) (g) (107°Aak/ k)

. 0R 0 407.2 055041

' 1R 552 8143 —~0.20£045
ZR 1104 8143 —1961+045
3R 16.56 8143 —4,77+0.45
4R 2208 8143 —832+045

Table 4 F.0L8.0EFE Void BF 0BIFEHER

Vo id-$EBHiLO
Void $88 | W.L L0 OFEE | WEI N Naf | IEECHI Void TR
{cm) (g , (10 2k k)
17 2.54 4072 5824070
27 7.6 2 407.2 5.57+0.70
37 1270 407.2 472+070
57 22,86 4072 1114070
72 33.02 407.2 —3.99.£070
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Table 5 Na®F IUFAI OB LWL Void BHEORIER R
Void RO ik | MESN B | EMFIVoidh &
Void % B ‘
(£ (g) (10~ Ak/k)
(1, 237 ( REMFEE) 2786 814.3 1209+070
Ne (1,.2)Z( ¥4 BB 2786 10238 14.03£0.70
(1, 27 25% Void 2786 353 6.12+070
(1, 2)2 50% Void 2786 708 1294070
Al 17 504 Void 1.393 353 6.21£070
2 7 50% Void 1393 353 6104070
Table 6 IG4AS Void %18 OHISE &
Void SR o & BEIhAiNa g FHLFi Void 2h&®
Void %88 '
(&> (kg) (107 ak/k)
3% 3x4 5572 1629 24274097
5X5 %4 15479 4524 4512+149
5X 5X 6 23219 6.786 5880+1.49
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HTH 5, '
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DN KECERD YN —THRGOMCE -THD, REOVEDELBMEOKRS WVEOEAHIT
LA »7B0 0SB TERENACEBbm b TAILNTAL void DA 2 5 HETD
H OB IFEREAIEEICNS O REMIIERAZ CIEOESEHEO/ DS OEDECHICEY, T
DFEB K E NEDMICHE >TAb, Na & AL DI DEWE 2 5B TOET v+ —fRlgic s 1
AEHNEEOKXZIDEVICLE D THE, B1HTOFERT NaDHEMERKIR 3 KeV DBRX
7B O HIc AL ICHARTREE LTHRIREL, 2D &4 Na vold¥ROBZERED 7 v
— AR EHEORE VEOEIC LT VAT EMH O HICE -/, £ LTRAELTD Na void
EOHEMAREITAE KELTWAD S, Na void RO ok SHESBRICERL T
5 EMELMICI -7, Table 16 HLEEOBEOKEEE Na & AL TRELIEDTHS,
wWEMﬁﬁﬁuﬁgéfﬁéﬁ,ﬁﬁﬁﬁ@ﬁAz:ﬁEﬁ4%@Ek%woiﬁ%ﬁmmﬁ@@@
D 2L HANTRE WO T, FLPOI B A Void FHRIERINE & FEHEATEENICRE - T
WAL EBDP B, LT Na DiEEELEIE 3 KeV OB rdic/hs (b, €0iER Void
YiEReAE Na OFBAL LD S/NE LB, Na voidh RO DL oA L 33 OREESLED
WO LETHY, FRERRT B0 ICEAEFMENC X 3518, 10 Na OREERIC 3

KeV DOHEMIOWEHBEORENBERESN DT EDHODPITE o7,

Table 16 JAERI—Fast 7 08 12 cEaEitEic
Bt A /0000 Void SR ORR
(107 Mksk-018141x%10% atoms )

EETIEE IR
Na void —0.283 1781 —0.951 | 1088 7635
A€ void —0.340 1223 —0.149 16,518 20.352
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Appendix 1 BES Na &##CEKS Void R

FCA V-~1%&F&KENT, BAENa FEROCTEED Na voidREME L. Bl
LrfEE e, F+ v 2 BBEOR, shimsd, BARER Void R, 77 v47 v b Void %E,
FMAL—F» Y2 ABIESE, Void 2RO Void Hic X 2%, HHEM Void B8, NETH S,
CRLOMER, AERRDSAHAY Na s0BCEERAL SOERHERE L, 2hEXLICHF
#Void MATEXMASD%E VoildBR&ELTFPEBEALOEE BRETAELI HFETITRONI,
T s OEEER IAE TR~ EES Na S KARESR L IMT 0D TH D, BTOME
GERAE L TA LT SIGERBOERE LN S L TEETH D, 148 Table 2 THRLACL
i OARN Naithlé HEK Na ZE05F NaBBHPIKHEBO AT ¥ L AOHBEFERIBIEEL
{, AF v U ADQHBRPOTHICE > TVBIBEL . Lich» TEREZ D ORIERREF T DX
EEAEBRHBETLIL0TSE b,

F o A VFESROBEERE A Tavle 1 7T8&U Fig., 1 8lT7d, Fig. 1 6% Fig. 7
B UTEZ AT L, BAS! Na ikl X 2IEBROABRFREFEIVNS <, gt
ETE=AF2MICHTNBEEVWSITETH S, Fig, 1 6O 0R & 1R FIEBOEHMZED O
BERTRHUAEL 2B T21TH - T0ED, EBRELEO SEVWOEVERLTOAEDHEEHEN S,

EAE S mORERERES Table | 8B LT Fig. 17 Rd, CO@ER FEPLD 9ED,]
LTS bhAL, F0 (10~13) Z0AH 77 4y PEEECEEEOODU Tay s
BFES NFARETH bR D TH L. TOMIHT 7 vy v b ol & F CRF IS E
LT73v4 v b® Void BRVBMEINIH, FOEE%L Table 1 9BLUFig, 1 TIRT,
OB Pu 7LV —bORDIE NUSL— sl SN, Fig, 1 7%Fig. 8K LTEAST
Fid, HAS Na #kick 5 Void $hRAHEESR Na HEHC X 2RRICIL~TRIBIC =4 + 2l
TNBEVITETH L, /2 Fig. 17T HHEFAHT LE, VoldfERORSA 1 /¥y 7 DIFEIE
B Void %0 &WEET Void $hRREREEOHMAT H L T aE0H T LETE S, L
HHDB8Z, 9Z11ctns (10~18)Z0DF 74y hOBEEDEND VoiddRICHEONTHR
B Ebipb, . _

AR Void SR ORERR % Table 208LU Fig., 18iKmnd, ZOERER 5 &,
Void DR s9EL< 71 BITHE - TIEEF] Void 25 & T Voidh RO ESAT 28T 0%
B, $f FMAL —~F ¢ VARSI EONEHARE Tavle 2 18X Fig. 18 T5ds
Fig., 1 8OMKITIC Fig., 1 TRARE~NTHM LT &3, EEH Void $IR D53 /58] Void
ZhBEOMBEMSSH b, FEF] Void R EHEPRECKBELEE Yy 7O Void HROMID 75 R
iz TN TL %, BT Void ZISICMBEMEAEK D X201, Void fAEOMAS2E - TED A b
V=Y IHRBFER DD OTHES DI EFZ NS0, WECH Void ghERicinB M Asgk v stz 78
R T L GFEATH D, | '_ |

Table 22133 X3 X4y 7 DEFELAEE L THWVT, TOMHED Na D Void FAHE L TIT
»TVoid FROEABSEZRELLERTH S, BEMICE Fig, 2R LA DT EAVRITLR
H5 NaBHDEF 1A Void PATEZRAT Void BHRZBIEL, BT Void AL 1HT
HELTO 75D Void HPRENMELZBDTH S, Tahle 2 20HEFERE I Void Fink b
Void R OIMEMEA SN LT Wi, —HTable 2 33LMEEVoid SHRORMEHRTH S
7, COBRG2(TFEATH L, 0Dk, 5 X5 X4y 7T 5 X5 X 6%y 70D Void
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Table 17 F+ v # vEAEGREOHELR ( EFHENa AR )

Void F o FA L0 .
. O ) BEINANag FEH Void &hE
Void $& 2 1P ol e B DFE ’ R

0 R 0 415.8 ~1.05T041
0 R 0 " ~1.86 1041
1 R 5.52 » ~253%0.41
1 R 552 # ~1.86 £0.41
2 R 11.04 # T -2 880,41
3 R 16.56 " - 474 t041
4 R 22,08 " -6.31+0.41
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Channel position on radium or distance from core center

Fig.16 Channe!l void reactivity worth measurement in Assy. Vi1 with sodium sample made in Japan
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Table 18 FELFLEFA Void DB ORIELRE S ( HARS Na R )

Void B .0 | BEShANaE | F&S) Void HF BEF) Void 2R
Voidfis | OBELRLDS ‘ '
DFEEE (om) (g (% 107°4k. k) (x10°%4k &k}
17 2.54 415.8 316 070 2732070
2 7 7.62 " 1.65£0.70 .29 £0.70
37z 1270 " 0.38 £0.70 0.90 £0.70
A 17.78 # ~0.68 £0.70 —1.-31£0.70
5 % 22.86 " 330 £0.70 -4.04%F070
6 Z 27.94 " ~523+070 — 4651070
77 3302 4 -6.57£0.70 -6.57 £0.70
827 3810 " ~7.85t0.70 - 665 F£0.70
A 43.18 v - 7.44 0. 790 -7.14%£070
4 -
® Normal array
) © Normal array with modified axial bianket

X Rectangular array

—A0 —

Sodium void reactivity worth (x1G° Ak/k/4158g Na)
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Position on cylindrical core axis or distance from core center

Axial distribution measurement of sodium void reactivity worth in Assy. Wi—1 with sodium

sample made in Japan
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Table 20 @A MER Void HROMERR ( ERHENa B )

. BhANANLE FEF Void ZhR WEEI Void ThE
Void $H & -5 —5
{kg) (x 10 %4k k) (% 107" dk k)
(1~3 )7 1.247 4691070 6.10X0.70
{(1~6 12 2.495 ~2.86 1070 4691070
(1~19 )2 3742 -250934+070 —13.28 1070
(1~13 )2 5,405 ~49551t070
i _ { —
F x
0 o]
L3
= -
~ ={ i+ S
2L 4
< X <]
o) N
X 2 X 2k
£ = (]
g x g
o= —3 — = "3 .
s = :
o a
@ a
T o
E 2
£ S
B x 5
;gi 5 - & Normal arrgy -§ 5
w ¥ Rectangular array w 3
& \ | L. _ % \ ‘
Ftiemz Friwsrz Foesiz Ft1msiz Mr-g1Fit-3) Mi~9Fii+8) M(i-an-él
(1.247kg) (2.495) (3.742) (5405} (4.990kg} {6.237} [7484)
Voided region or weight of sodium removed Voided region or weight of sodium removed

Fig.18 Sodium void reactivity worth measurement of axially grouped region in Assy. Vi -1 with sodium sample
made in Japan
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Table 19 ®HWT 7 ¥ ¥ v b Void ThE (BEENaZE )

Void L0 EBEFIVoid Wi
Void 45 B b O EEBRE ek IhiNa &

{cm) (g? {(x107° &nk/k)

67 27.94 415.8 — 579070

87 3810 # ——5.431 0.70

97 4318 # —981+070
107 4826 # —7.84+070

117 53.34 # —437+£070

127 5842 ” ~1.14+£070

13Z 63.50 # —0.34+0.70

Table 21 FMzar—F 5 2 oHENROREER
(OF8INa BED)

BEIALNAR ERFIVoid BHE

Void (Kg) (X107 ¢ak/K)

M 103z F (1ma)s 4990 ~234£0.10
M (1952 F (1632 6.237 ~315+010
M (1e0yz F (1m0 )z 7.484 5562010




JAERI -M 99231

Table 22 B, 3%X3X4-% 9 2488 Void BB D Void

L BREN(BEENaFHE)

_ MEIhxNa® ERFIVoid TR
Void
{g) (x107°% Ak %)
25% Void 4158 335+ 097
50% Void 8316 204+ 097
75% Void 12474 218+ 097
100% Void 16632 448+ 0.97

Table 23 LER Void ¥hE ( HERH Na F#E )

Void MRk | kI haNa% | EEFIVoid ThE

Void $858
(€ (kg) (x107% &k &)
I x3IxA4 5572 1.663 310+097
ExX 5 x4 15479 4620 —544+1.4%
5X5 %6 23219 6.930 —6569+1.49

Table 24 .05 Void DROBFEHSRE ( V4 YR Na H¥)

kI iz Nag Void ¥ %
Void 8K 5
(g) (x10~% Ak k)
17 5119 7.43+070
(1,2)7% 10238 14034070
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HEMEICTE > TWAD, TNREARSAOITEERLEFELIHERTSHD, £/23 X3 X4V
o DEEHR - OBFROTERTH L, 5TH 5, Table 2 2HBKT Table 2 3DAEFRE
Table 18® 1Z, 27, 3Z DETCEREARMENHLEFTTHY, INSOEREDELD
S THRETLRENS S, Table 18m1Z, 27 DERLZEICI X3 X 45y 70D Void hR%
FHESHE, 10xX1 07 Ak AREICKEBIETTHD, Table 22 D2 5% Void HIRDHERIT
ENCRIC-—HT B, COEEELWERET AL, Table 22250, 75, 100% Void =
BEDRIEM, JEUIT Table 23MD3 X3 x4 Nv7®#%i¢N174fzmmfntwéc&
1B, FLTE X5 X459, BEX5 XG5y 7OESREI~ A F2HICTN TSI &I

bo

PlEDz &ABBLTASE, HAR Na &iNc £ 28R EEER Na Sz L afRIcH~
TEIC2 A F2PUTET VS LI T &, £ AR Namfhic L 5 ERE A 2 ARRICHER L
FIEAERE S LTOEREESATY, 0 ETHL, CCTRVETLEDH B &1, HARE
Na 2 OHADEZFRTEC TRo v THETH Y, TOHAONPSDONa ORERA 7 = / —
W7 LA LR OBRHENIIEHESRSE L 0D L ETH S, %@¢K@ﬁu~b®&<hiﬁﬂt

AbOLEHHH Y, BEEONa PRI EBVIAAK SO EEL N, £/ — 1 E&koF

DN E T BRKEORIGEMEAME L TH 5 &,

3.82%x107° Ak k /4129g #lxFLv

LS EEEAE L, KEO Void $IREVHIBERTRIFSHHE LT F 225, T—- 184K
FATRO T & (Na 3B E LT~ THRERAEEZEE L T0E0, FR3 3Dyl 1Z 72
9%y 7 ABAEN: KB TESBMATASEERSARS9X107° Ak Tk 12077 28licdh
o COEE, Na BLUAFVLZOBOLTHHEVCEIURT VL AOEMOEVICEATS
RIGEELETXTESAFEETSH LY, 3B 1HTHRRLDICAT VL ACHBOZENEHR
BIELEID v A S 2 BICFRBIETTH L, FRICHHSTEARNa HBEHEA LICAEROT
772 ENEE 0D T EiE, BEEIOKRABRBA LT AR ERETH 26D TH 5,
PltDEZEHSFCAITH S HESE Na HEHIHEEICE W TEB O —HRITKR G PBEDLETD L &R
ALTWEEAHEL, Na Void HEORIEMED ~ 4 + A g i DRERICHRESL DR
FRPOKSDBERTH B LY a N b,

Appendix 2 E4J& Na BHICKD Void E
FA v#INg SHEAH T — 18 &F000 Void #IRAZEEL/HER%EY Table 24 KRd,
LR GHEES N AL ARERR L ERBEOEMAT—HL TS,

e e e p LTS



