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Experimental Study of Large Scale Axially Heterogeneous
LMFBR Core at FCA (V)

- Experiments of FCA Assembly XII-2 and Their Analysis -
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FCA Assembly XII-2, having a 30 cm thickness internal blanket, is the
third core in the axially heterogeneous core experiment program at FCA. The
purpose of the experiment in this assembly is to examine the influence on the
axial nuclear chdracteristics by increasing the internal blanket thickness
from 20 cm to 30 cm. From this point of view, followings were measured: (i)
criticality, (ii) reaction rate distributions and its ratios, and (iii) sample
reactivity worths and sodium void worth. The experimental results were
analyzed by the JAERI's standard calculation system for fast reactors and

JENDL-2 library.

Keywords: LMFBR Core, FCA Assembly XIT-2, Fast Reactor, Axial Heterogeneous
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ML (T2 B3 ) KB 2EBWMEREEORFE Fig. 2.1 TKRY,
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Table 2.1 Atomic Composition of Each Drawer in FCA Assembly XII-1

(x 10%%* n / cm?®)

. T2BR3 PD92B PD81B PUDB
Material core IB&AB* (core) |  {core) (core) .EUCD
Pu-239 | 0.10455 — 0. 2091 0. 2080 0.1568 —_—
Pu-240 0. 00922 _ 0.01843 0. 02564 0.01382 R
Pu-241 | 0.00043 — 0.00097 | 0.00171 | 0.00073 e
Pu-242 — —— — 0. 00028 —_— e
Am-241 | 0.00038 — 0.00076 | 0.00150 | 0.00057 —_—
U-235 0.00140 | 0.00316 | 0.00140 | 0.00140 | 0.1144 0. 2845
U-238 0. 6869 0. 9307 0. 6869 0.6869 | 0.6954 0.6892
0 1.7038 1.7038 1.3762 1. 3762 1.3762 1.3623
Na 0.7656 0, 7656 0.7656 0.7656 0. 7656 —_—
Al 0.2319 0.2169 0. 0300 0.03071 0.0225 0. 9082
Cr 0. 3347 0. 3079 0. 3615 0. 3624 0. 3481 0.1772
Fe 1. 2351 1.1304 1. 3397 1. 3431 1.2873 0. 6452
Ni 0.1530 0.1396 0.1664 0. 1666 0.1597 0.0772
C —_— Ra— E— — —_— 3. 5969
X NU DU
Material | CR & SR Block Block DUG. MATRIX
Pu-239 — —_— — — —
Pu-240 | — — — - —
Pu-241 — — —_ — S—
Pu-242 — — — — —
Am-241 | — — — — —
U-235 0. 4521 0. 0289 0.00840 | 0.0037 S
U-238 0.0342 3.9889 4.0174 1.8317 —_—
0 -_— E— — 3.6699 —
Na — — _— _— E—
Al 1. 8364 — -_— E— —
Cr 0.2936 0.1846 0.1846 0.1772 0.1228
Fe 1. 0684 0.6722 0.6722 0.6452 0. 4473
Ni 0.5275 0. 0804 0. 0804 0.0772 0. 0535
C R — [ — — —

* JB:Internal Blanket

AB:Axial Blanket
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T2 B3 drawer
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u
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{ unit = 508cm

Fig. 2.1 Plate Configuration of Drawers
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(continued) Plate Configuration of Drawers



JAERI-M 86-016

10 i5 20 26 30 35 40
110
115
120 = olo|C -
=] O/' < )
126 _
{30 o °
135 [
D{UIB
140
[] T2B3 89
1 PD8I 32
N PD92 16 Pu driver
[c] PUD 24
X C/R 8
[] EUCD 76 U driver
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Fig. 2.2 Vertical Cross Section of FCA Assembly XII-2
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Fig. 2.3 R-Z Model of FCA Assembly XII-2
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AREE 1 R ERTERE e L E T VAR, TAMREOPLBIT NI 4 /N —FfREKD 2T D
WTRBRERBE 1L 0IRBEES Sy 2 v I —F R T ol 7775y MiZD20TiE Yy
TN YITHE = FFIT TR0, 7R FREOFLHEOBAEFERENAE Fig 3.1 1KRd,
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HRRNNEDEAEET 20 ERBTELMEREOTEMAZRL, HEROFEEL T X
BlAESDHEBTHEM LABEEERAL TV, -7, EROMEROBEL DD LASE
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W TR 2BICIRMICERS 3750 THa 056, NSWEEL NS, ELHDHRTER
wVEFATERENGD, FTOWMAR>OTEBREME LA OHERICHEIREEAHE R,
VT EIC L A ESHREROBERN EETLT, Benoist ORicE D RS SR A E N
Lo

EMGERORY ERAROR — 2 & F A HH LTI L nhhFREHEL, &
R E o F A ~7 b EASL LT 70 BESMERES 25 BlcELi, 2568 T
N S A Table 3.1 TR T,

FRHE ERAREIRITX-Y - Z@EFRice Fqbl, SERIC 25 BIBEREAR L,
MEGTRIC L ORBHE R T OEAHER, PETHELUHEEPETFREAR LI 8
TRAEZRROMEREY)ICHBREDS 5720, RAMHEERAFEB L ES o/ 74108
CITATIONFBRY Th%, CO#ERFBOTRIGRNN, + v 7 CERE, + Y va
XA FRIGEMBEOHBEAETE -7, 7 U 2484 FRISEEE, Y 7 RISEMES &,
ZORIGEZ{LHAEBORMEEZ o n SREMICOWTIE, REERICE S BEBFIRICK
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Table 3.1 Energy Structure of 25-Energy Group

Group Energy Group Energy

1 10,00 6.065 Mev 14 15.03 9.119 Kev
2 6.065 3.679 15 9.119 - 5.531

3 3.679 2.231 16 5.531 - 3.355

4 2.231 1.353 17 3.355 - 2.035

5 1.353 0.821 18 2.035 - 1.234

6 0.821 0.498 19 1.234 - 0.748

7 0.498 0.302 20 0.748 - 0,454

8 0.302 0.183 21 0.454 - 0.275

9 0.183 0.111 22 '0.275 - 0.167
10 111.1 67.38 Kev 23 0.167 - 0.101
11 67.38 40.87 24 0.101 - 0.061
12 40.87 24.79 25 61 .44 0.251 ev
13 24.79 15.03
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Fig. 3.1 Cross Section of the Core Zone of the Test

Region (T2B3 Drawer) in FCA XII1-2
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Fig. 3.2 Cell Model for the Core Zone of T2B3 Drawer
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HEERERIOIGET 2B RROERELRD 2201, as built FRORIGERAIED
Hr2OMEDTTY OBMERET O HEHND B, FHERRE LTH,

() Gl E

(i) EAmEEzhR

() REHER

(v) #EEmMAERUSEShR

v) RBUERE
ZORESITHNI,

MOCEREDRES S ABEERIGE 0, & LTHFCALSE 1 ARS0.00mhSTLBALITO
RIGEZRA L, BRFREBICORIGE P, 2N LIS O BFIEREME LT,

Td = 56.5 £ 0.3 sec

8B, APLE PulEHI 220 ke 28 H L TED, Pubh b ARESBIT L A FiEHs
FHd 50T, EHEERETE, CoARSTEORELM THHEI200WEETTO
RELSETH 1, TOMSEEERTI LD EEREEE LT,

Py = 00520% 4K/K

EiGk, 20T, FEMERPUTEE (Fere) i3, BERPHEFF—5 & LT Tomlinson O
fBEMY, 2RTR—ZEFME JFS—3—] 24y b AL THEG B SRR
L DRDI,

HEERBZORBIRIGE L (as built) S22 OWEERD S5 6N 2 KIGEL RO RIER
% Tabled 1iZRd, 72720, © (as built) FHEEEREHRTH 1/2EAENFEEL, FHLE
BRE 20 COBADMETH L, ChoDELD, 3RILXY ZHRZRTORDBERL KD,
FritFEER 7 — # 13 Appendix 2T $ & 9 B,

128 6hOFESERICE, HWESEHEOIE LANKmOMKE 0.5+ 0.3 m& 71 LATEREDRE
0.8mAi&H#T, G LEEMEL SHNKE, FH2 | mOBMEAEET 5, HEHRE, ©
DEFE 2. 1 mZEH LEBORIGENRTH S, —F, PLOAREHSEE, S LasmEoR
Fa( 873g/5(HL) kKT 5HILETHL, RIGEORMIEME LTI, MROESEE A
W Ehibhih b,

PIEXE D, Fig 2. 20K KRDELHEE L,

1.00155 + 0.00018
LA,
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W T3 vy AESLEX— 28X 0N— 1 EEHTOREBEROMBIT TR, SHEMEEM
BERL 060% dK/K KE{FEMT 25— 2888 THR, $510.1% 4K/KBRFHETH
B, EHWEECD0.TBOZRERTICRETEENRS WD, SRS oI FomiT %
SBEL G5, BEEEAE 103%EREAMEE LD, ThRERGPSHIHFRETORAO
ERAENTHTH D,

I 2WOLR — ZRETHE L 70 BPHF A7 bLERET 7 Yoy P (12) &
WL (6 Z ) BEUAR TS 4 o L (112 ) D3 ATHE L Fig 4 1ITRL, B
¢ BERETEME FEHO A Fig 4.2 KiRde W77 vy P THHFRA T bhiy 7 b LICR
BER kORI T HROBEROMBEOBE LE & 0L LBl s 5,
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Table 4.1 Measured Reactivity for FCA Assembly XII-2
(unit: 0 ,)
ivi 1.26 +£0.029
Excess reactivity ﬁ?as built)
Correction
Gap effect 1.83 0,35
SUS effect at mid-plane -0.112 £0.039
Sum 1.72 =%0.35
Corrected reactivity o 2.98 £0.36

(0.155 +0.018%Ak/k)

Table 4.2 Calculation Results for Criticality
of FCA Assembly XII-2
(unit: Ak/k)
Calculation
Base calculation Keff 1. 0001
Transport correction 0.0103
Mesh correction -0. 0021
Corrected Keff 1.0083
Experiment 1. 0016
C/E 1. 0067
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5. KRIGHRZH & RIuF

5.1 HAREQNE

FAMEORIETE, PEESEETEE (micro fission chamber ) 2H W T, fFLdulic
B BEARELE ECHARIOESHEESREZRE L oo HOAHHREOERI4EHTH O,
TNOOEBBHAMET 93 BEH o7 (EU), K95 (NU), 7rb=94(Pu
BEOATF=U L (Np) THhB, HEESNAEDRTESE L FRMICHRMRKE Table
5.1 lKKRT

BAREST

SHERMEEK TS, AR8m AEREL6mOMEVT VI = v A REERICEESN
EULNUERU Np & Pud2AKS2% 1 #lE LTHRRICEASNS, 2O 1HOHEES, &
HRCER S 17, W§3/8” oEdEd S EENSG LUBHHohL5IHE LIF126-26, M126-
260 NiCt Y P L, ZOEDODAE/PNMEAETEHEEZBRE S5 LICL DA MEREIHE
BE L, BrEdizbls|ELOFELHBEIT 77 vy V(AR B LM R 77 vy
v b ) OWEIRE Fig. 5.1 KR, BERRIEBFHEICLOFELSE—E (10W) IcfR-7o, B
SR HEOHBEAEROFHNOMADEIFNRAERL L HICF138-25CiE Lt 1<
=# — (Np A DS HE ) O HUC TR M U oo ST 1 BIESS Y 6 LiEEREL, £
OFPHEBARRA L, 3/, AESEEET oW OHEL 2, ERAOFEIC L Z0HF R b
V2 vy OBOFMEEERLL, i, BULAEBERTHLFCA N-1K£464FTOD
FBic L B L, EAAOERILICKE A M) -3 v IIHREEEICNEL, BT 1 OHEEE
HTERTELCEABRLTEDY RESRKBVTHEAB TSI LB Lick 5,
BEy BINp, 2Py, BUOEMEOM LSRR E Table5.2 KRd, TOED
BAIEEZR, AR L6 BREEOHEEDHILEHOAZZE LA LOTHY, FAHEITT S
BERERL TV, o, —HOMAEPRYEFLTHSFCA XI-2, X 1BGHREEL
UFCA X-2%A&ETD ™ Pu M E 3L} % Fig 5.2 THET 5, FCA XI—2
BEUXI-1EA4FRARTI V7o PEXF20mTHO, AFLOZNE 30 THL. H&
D, RE&77 4y b BLOHGHBORRESE TEORHROREN—HFTHEW I Edbing,
IhE, W77 vy PRI EICED, RENET & v+ —OdiE o LR £ h
e T#mL iz bick B, L L, XI—28&8KEXI-2%8KEEHET S &, Aol
(6Z) TOMAHPICHT IR I 75y bpil(1Z2) TOZOHERBE-FHLTED,
WEZ 7 4y PHLTO 2 PuMAHBAROECIHRAIT X Sh -1,

BB
WEIE XN A RO O REORET — 5 P8 U, ¥ NpBLU P Pu OB ED
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235 U A BERICHE B ARy, BEMEIESETREEY SP0 Z 85 RIT 2.54cnBiir:
CNET S vy MR (L B) BEU27.94 coBE 7B OGEIR (CORE) TH B, PP UL U
ORATIEE, EUFHEE & N U REORER EMHRECEEN 2 2 UL P UDRTHD
K okhic, EUAKEICEENE M USLD UL EOMBERIEFIOINSODOTHE
L. PuitBicaEh T s M Pus LU PuoA R0 RIFETEELRVTHIEL,
FNENT 10 %ELUT5 BORELSDH B EREL TRERECHAA, £/ Np Tt
BLEENTHSPuRAT®Pu THALEEL THIELK, WET 7 v » NEORILEA
W& R AR L Té B FCA XI— 1 &AL it Table 5.3TRd, MESHEL
BdH L, FLRTHFNTAOKADBEAHMEHFANT-RL TV EDICHLT, AT
vy FHTE P Pu/ S UREEEERT—BL, —4, U/ USIU P N/ Ul
W20 BHEEN- 2ESETCOEINS BTV D, T, KESERDLHBFCA X-15%
BREDHET 5 v o PICBWTHEEFR~Y P VORIEDEESPREN T b5,

5.2 WERRKESTOIUE

28 (n, 7) RIGEOHEEIE, Hity s vE(DUHE) FHOT, @AMIC OO TTE»7,
AEICEE LG, PRAMETED, @uT7Tri=dsBTE->THS, DURDIRE
12.7 oo dia X 0.127 thick T& 0, mEMKE, 222U 9996 BB LT?P U 004 % T
B, DUBLEEMELSIEL (F126-26) NiICERL, MERPEADZ —EICL, 300 W
—hr (100 W X3hr) TITH » 120 HEYEHEIREMS L CBRNHFREICHEES 5 & S
iE L7

WEHATER %20 BEOBNESEAE X, DURLSDHE T MREEME Ge Rilld2MA
FERIE Y AT A THIE LT, REK, B 130 EoRic&HI W T 6 BT -/ U
OWBERIGRAEICER LT x be—-2, PUohEFRERIELDET S 239 Np o»
50 106.1KeV, 2098KeV B8ET277.6KeVDI -7 Th2, BTHRIANF—-LE—ID
ARy, BER BEREOMEETC, AEME GHEERIOHT aitaEs, Bife
MOMEZ) AZHLT, PP UDHERIGEME RS, —HDF— ¥ QBB FCAEY
BEF— B A F LDV EBHNTIT » 1. Ehe vATERBREEHSHIE KT s Ty
57 LMD VNI TR OMMEc L 0, AEShARIEERR, 2V ERRICRTEYS
¢ BOBABFRICHKE L bDER B, COROBRKEEZSRE, VvORBRICLDRE S,
7T, EEBROICHIELSRESE £V PERGERICER ( TOFRECE Cell averaging factor
LTS, TAREBHELHEEAEREET - BHEAGMBECHEMERLIZ(1.B),
372(1.B), 4Z (CORE) BLU6Z{(CORE)D4 A TH%, Fig 531 DUFHDREAL
BART, AEERLD Cell averaging factor i¥, CORE#H% 1L.O0&LKERE TS v
o PERT0961 06 BTH T T, BAMBESS LW LKLV BWAET 5 Y7y PTO
ik NET T vy MRTOEER CBRETH B E L, Table 541 2% U flHE SG # 47 4
AiRTo
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5.3 RICEOEN

BT USRS & KIGEILOREBAEARGERE B LRSS T -~ 7o, FTEREEHS 1 7
FY—&ELTJENDL -2 JFS-3—-J2 ¢y F¥ 2H1), SLAROM" T LD &3k
ERMTEAENERS 5 F CA DBBRITEICE- T 5, IHBIE 2 UULRZ T0RBES G TR
AREGBEEL, BEFHLARA RO 2B RICEUTHEERSE Lo, %TEILE
CITATION (¥ ) 8L TWOTRAN (¥ ) 27,

RICESHDC/E

OGRS O FS R 4 Table 5.5 ~Table 5.9 it/RL, C/EMOu A ESH % Fig 6.3
Yo
SAEEEREEESPLOATAEME S BO—84A2RL TS0, W77 45y TR EREI
HENA—HAL 65, AT 7 v 9 b T, 2 UCn, 1), ®Puln, 1), ® Np(n,
£) OFHBEMWN2 ~4 BOMANEE, B U(n, ) OHEM/B4~9 BOBATM( NUS
EIHEC X AREME D) 2R, PP U(n, {) EELEV L EVESRNERE (0.5
MeV)EbOBEBTHL Ens, FRENNTT 7 V5 » bTHMFR A b L% FHE L
THWaIEBEZOND, .
NM-28eH08BORIEENHOC/EME, XN-2&X—- 188K (AT T v b
E20cm)DC/EM? LBFRLEETRT. NWH75 vy o FNESOMINCLS, WHET TV
by FERTOC/EBDEIRS SN0,

RIGELDC/E

HE 75 v 0 PNO—EH(R=0.0cn, Z=254ce) &FLD—H{ R=00cm Z=
27.94cn) TROLFIEELD C/E 4 Table 5.10icRmd, C/E {Eid, W& 74w A
BTOPRMEESR SN EERL TS, U (n, [)/ P U(n, 1) OHHT I V7
FTOC/EfEE, M1.1THY, FIGESMEEE HEESNET 7 7 v FETARS b
WEFECFRLTWA T LIS LTy A,

X—- 2 BE5FRORIERLEO C/EE IR, XI—2 &X1— 15440 C/EE & EBRIEEDHHE
T—HELTED, RRWT7 vy PESDERITESI D, C/EEDELEZS LN,
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Table 5.1 Effective Atoms and Isotopic Composition of

Fission Chambers

Detector Enriched U Natural U Plutonium Neptuium
Effective 3.04x1017 4.16x10L8 7.10x101%7 1.42x1018
atom +2.0% +2.0% +2.0% +i 0%
U-234 0.0095 + 0.0001
N 0.007204
U-235 0.9331 + 0.0005 +0.000007
U-236 0.0041 + 0,0001
N +
g5 | U-238 0.0534 + 0.0004 10.9928
o] -
‘E Np-237 , 0.9949
8 | py-239 0.9443 + 0.,0002
& t
Pu-240 0.0522 + 0.0002 0.00506%
Pu~241 0.00338 + 0.00002
Pu-242 | ~ 0.00013

* Isotopic composition of this Pu is not known.

Regarded as 100% Pu-239 in this report.
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Table 5.3 Comparison of Fission Rate Ratios in FCA Assemblies

¥II-1 and XIT-2

Assembly Region 239Pu/235U 238157235y 239Np/235U
XII-1 Internal* 0.8624+3,2% 0.006861+5.3% 0.07130+4.87%
X11-2 Blanket 0.8437+3.2% 0.005332+6.0% | 0.05910+4.8%
XIT-1 0.912243.2% 0.02202 +3.8% 0.1707 +4.8%

Core®#* - - -
XI1-2 0.8890+3.2% 0.02115 +3.7% | 0.1594 +4.8%

2.54 cm

fl

* Positien : R = 0.0 cm, Z

#% Position : R = 0.0 cm, Z = 27.94 cm

Table 5.4 Axial Distribution of U-238 Capture Rate in FCA
Assembly XII-2

Region | Position* Measured Cell Averaging Corrected
{cm) Value . factor Capture Rate
Internal 2.54 1.277 (10.3%) 0.961 (10.6%) 1,227 (+0.8%)
Blanket 7.62 1.249 (tO.S) 0.961 (+0.6) 1.200 (;0.8)
11.43 1.205 (+0.5) 1.0 1.2605 (+0.5)

13.97 1.171 (+0.3) 1.0 1.171 (;b 3)

16.51 1.160 (iO.S) 1.0 ©1.160 (+0.3)

19.05 1.131 (+0.3) 1.0 1.131 (;0.3)

22.86 1.073 (+0.3) 1.0 1.073 (+0.3)

Core 27.94 1.0 (40.3) 1.0 1.0 (+0.3)
33.02 0.910 (40.3) 1.0 0.910 (;0.3)

38.10 0.825 (40.3) 1.0 0.825 (;0.3)

43.18 0.739 (40.4) 1.0 0.739 (20.4)

48.26 0.652 (fO.B) 1.0 0.652 (40.3)

Axial 53.34 0.540 (40.4) 0.961 (30.6) 0.519 (;0.8)
Blanket 58.42 0.445 (40.3) 0.961 (10.6) 0.428 (10.8)
63.50 0.357 (40,4) 0.961 (+0.6) 0.343 (;0.8)

* Distance from core center

#% Normalized at position 27.94 cm
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Table 5.5 Comparison of Measured and Calculated 23%Pu(n,f) Axial
Reaction Rate in FCA Assembly XII-2

Distance (cm) Experi. Error {%) Base Cal. T.C. Corrected C/E
0.0 1.263 0.300 1.252 0.977 1.223 0.969
1.27 1.263 0.310 1.252 0.977 1.223 0.969
2.54 1.264 0.310 1.251 0.977 1.222 0.967
3.81 1.265 0.340 1.249 0.977 1.220 0.964
7.62 1.237 0.240 1.234 0.977 1.206 0.975
11.43 1.210 0.330 1.209 0.980 1.185 0.980
12.70 1.194 0.300 1.197 0.982 1.175 0.984
13.97 1.174 0.300 1.184 0.983 1.164 0.991

et | 1az 0240 | 1104 o.9e0  1.092 | 0.972
17.78 1.102 0.260 1.094 0.992 1.086 0.985
19.05 1.095 0.320 1.085 0.994 1.079 0.985
22.86 1.054 0.220 1.056 0.999 1.054 1.000
27.94 1.000 0,230 1.000 1.000 1.000 1.000
33.02 0.919 0.500 0.922 0.999 0.921 1.002
38.10 0.828 0.490 0.822 0.999 0.821 0.991
43.18 0.726 0.410 0.709 0.994 0.705 0.971

Cuse 0.645 0450 | 0.624 0.986 0.616 | 0,955 |

Base Cal. : Anisotropic diffusion calculation
T.C. : Transport correction factor.

Corrected : Result corrected by T.C.

Table 5.6 Comparison of Measured and Calculated 235y (n,f) Axial
Reaction Rate in FCA Assembly XII-2

Distance (cm) Experi. Error (%) Base Cal. T.C. Corrected C/E
0.0 1.334 0.290 1.332 0.982 1.309 0.981
1.27 1.343 0.250 1.332 0.982 1.309 0.974
2,54 1.337 0.300 1.329 0.982 1.305 0.976
3.81 1.329 0.230 1.326 0.982 1.302 0.980
7.62 1.296 0.280 1.303 0.983 1.28L 0.988
11.43 1.259 0.170 1.265 0.985 1.246 0.990
12.70 1.235 0.240 1.244 0.986 1.227 0.993
13.97 1.213 0.190 1.224 0.986 1.208 0.995
"""" 1651 T TTlaez  owsoo T T1aze T ou9sa T 161 | 1,000
17.78 1.140 0.380 1.148 0.994 b.141 1.001
19.05 1.130 0.250 1.127 0.994 1.120 0.991
22.86 1.065 0.230 1.072 0.998 1.070 1.005
27.94 1.000 0.280 1.000 1.000 1.000 1.000
33.02 0.919 0.210 0.918 1.000 0.918 0.999
38.10 0.828 0.200 0.825 0.999 0.824 0.996
43.18 0.745 0.310 0.730 0.997 0.727 0.976
""" Wi TT0Tess T o350 [ Toveas o9l o.e37 | 0.968
Base Cal. : Anisotropic diffusion calculation
T.C. : Transport correction factor.

Corrected : Result corrected by T.C.
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Table 5.7 Comparison of Measured and Calculated 2387 (n,f) Reaction
Rate in FCA Assembly XTI-2

Distance {cm) Experi. Errer (%) Base Cal. T.C. Corrected C/E
0.0 0,331 4,360 0.403 0,884 0.356 1.076
1.27 0.335 4.030 0.403 0.884 0.356 1.064
2.54 0.336 4.000 0.411 0,880 0,361 1.076
3.81 .0.351 3,780 0.418 0.876 0.366 1.045
7.62 0.393 3.350 0.476 0.867 0.413 1.050

11.43 0.489 2,690 0,579 0.89%0 . 0.515 1.053
12.70 0.534 2.360 ¢.632 0.920 0.582 1.0%0
__]:?_._97 ”0.648 1.850 0,686 0,946 0.649 1.003
16.51 Co.r 1.560 | 0.816 0.981 0.800 | 1.005 |
17.78 0.865 1.480 0.865 0.998 0.863 0.997
19.05 0.911 1.350 0.913 1.013 0.925 1.0186
22.86 0.968 1.150 0.988 1.013 1.000 1,034
27,94 1,000 1.040 1.000 1,000 1,000 - 1.000
33.02 0.922 1.160 0.934 0.990 0,924 1.0G3
38.10 G.798 1,190 0,805 0,992 0,799 1.000
77777 i’-’c3.13 G.603 1.550 0.614 0.978 0.601 0.996
48.26 | 0.332 2210 | 0.384 0.907 0.3%8 T.o49 |

Base Cal. : Anisotropic diffusion calculation
T.C. : Transport correction factor

Corrected : Result corrected by T.C.

Table 5.8 Compariscon of Measured and Calculated 237Np (n,f) Reaction
Rate in FCA Assembly XII-2

Distance (cm) Experi. Error (%) Base Cal. T.C. Corrected C/E
0.0 0.486 0.670 0.521 G.910 0.474 0.975
1.27 0.492 0.660 0.521 0.910 0.474 0.963
2.54 0.490 0.560 0.527 0.909 0.479 0.978
3.81 0.497 0.600 0.534 0.907 0,485 0.975
7.62 0.541 0.570 0.584 0.905 0.529 0.977

11.43 0.628 0.320 0.668 0,920 0.615 0.979%
12.70 0.661 0.330 ©0.710 0.939 0.667 1.009
13.97 06.720 0.520 0.733 0.956 0.719 0.999
et o.es 0.660 | 0.863 0.980 0.845 | 0.996 |
17.78 0,901 0.480 0.900 0.992 0.893 0.992
19.05 0.942 0.560 0,938 1.004 0.941 0.999
22,86 1.007 0.690 0.996 1.006 1.003 0.996
27.94 1.000 0.500 1.000 1.000 1.000 1.000
33.02 0.933 0.220 0.933 0.994 0.928 0.994
38.10 0,814 0.550 0.8B08 0.995 0.804 0.987
43.18 0.645 0.670 0.631 0.983 0.620 0.962
| Tus2e | 0.407 0.760 | 0.418 0.935 0.391 | 0.961

Base Cal. : Anisotropic diffusion calculation
T.C. : Transport correction factor.

Corrected : Result corrected by T.C.
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Table 5.9 Comparison of Measured and Calculated 238U (m,Y) Reaction

Rate in FCA Assembly XII-2

bDistance (cm) Experi. Error (%) Base Cal. T.C. Corrected C/E
2.54 1.227 0.800 1.261 0.982 1.238 1.009
7.62 1.200 0.800 1.240 0.984 1.220 1.017
11.43 1.205 0.600 1.208 0.986 1.192 0.989
13.97 1.171 0.500 1.175 0.988 1.160 0.991

Tlest T e 0.500 | 1170 0.993 1.162 | 1.002 |
19.05 1.131 0.500 1.128 D.994 1.121 0.992
22.86 1.073 0.500 1.073 0.997 1.070 0.998
27.94 1.000 0.500 1.000 1.000 1.000 1.000
33.02 0.910 0.500 0.918 1.001 0.918 1.009
38.10 0.825 0.500 0.826 1.000 0.826 1.001
43.18 0.739 0.500 0,732 0.998 0.731 0.989

Tusize | Toes2 ows00 0.621  0.99% 0.617 - | 0.946
53.34 0.519 0,800 0.519 0.992 0.515 0.993
58.42 0.428 0.800 0.414 0.993 0.411 0.960

$3.50 0.343 0.800 0.314 0.998 0.313 0.913

Base Cal. Anisotropic diffusion claculation

T.C. : Transport Correction factor.

Corrected : Result corrected by T.C.

Table 5.10 Fission Rate Ratios in FCA Assembly XII-2

Fission Region | Position Experiment Calculation C/E
Rate Ratio (cm)
238y/233y I.B* 2.564 0.00533+6.0% 0.00590 1.107
Core 27.94 0.02115%3.7% 0.02133 1.008
239py /235y I.B* 2.54 0.844 +3.27 0.8374 0.993
Core 27.94 0.889 +3.2% 0.8948 1.007
237np/23U I.B* 2.54 0.0591 +4.87% 0.05473 0.926
. Core 27.94 0.1594 +4.8% 0.1491 0.935

* Internal Blanket
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Table 6.2 Calculated and C/E Value for Axial Pu(92) Sample Worth Distribution

in FCA Assembly XII-2 (Unit ; po)
Position Base Cal. T.C. Corrected G/E C-E
(em) Non-Leak, Leak Total

1Z  (2.54) 0.234 0.900 0.211 0.000 0.211 0.860 -0.034
2Z (7.62) 0.231 0.903 0.209 ° -0.000 0.209 0.862 -0.033
32 (12.70) 0.225 0.914 0.206 -0.000 0.205 0.871 -0.031
42 (17.78) 0.209 0.942 0.197 -0.001 0.196 0.854 -0.034
57 (22.86) 0.198 0.953 0.189 -0.000 0.189 0.881 -0.025
67 (27.94) 0.180 0.954 0.172 0.000 0.172 0.865 -0.027
7Z (33.02) 0.154 0.952 0.146 0.001 0.147 0.869 -0.022
8Z (38.10) 0.123 0.955 0.116 0.002 0.118 0.847 -0.021
9Z (43.18) 0.092 0.940 0.084 0.002 0.087 0.841 ~0.016

0o = 0.0520 %A K/K

Base Cal. : First order perturbation calculation based on diffusien
theory.
T.C. : Transport Correction factor.

Table 6.3 Calculated and C/E Values for Axial DUO, Sample Worth Distribution

in FCA Assembly XII-2 (Unit : pg)
Position Base Cal. T.C. Non_Leak_Corriggﬁd Total C/E C-E
(cm) :
1Z (2.54) | -0.231 0,931 -0.217 0.001  -0.215| 0.890  0.027
22 (7.62) | -0.235  0.939  -0.223 0.002  -0.221{ 0.880  0.030
3z (12.70) | -0.238  0.950  -0.228 0.002  -0.226 | 0.88  0.030
4z (17.78) | -0.243  0.990 -0.231  -0.010  -0.241 | 0.933  0.017
52 (22.86) | -0.225  0.991 ~0.216  -0.007  -0.223 | 0.937  0.015
6z (27.94) | -0.185  1.017 ~0.193 0.005  -0.188 | 0.941  0.012
7z (33.02) | -0.128  1.089 ~0.164 0.025  -0.139 | 0.928  0.011

0o = 0.0520 %A K/K

Base Cal. : First order perturbation calculation based on diffusion
theory.
T.C. : Transport Correction factor.
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Table 6.4 Calculated and C/E Values for Axial SUS Sample Worth Distribution

in FCA Assembly XII-2 (Unit : po)
Position Base Cal. T.C. N0n~Leak?orr§§;Ed Total C/E C-E
(cm)
12 (2.54) -0.075 0.911 -0.069 0.001 -0.068 0.889 0.609
22 (7.62) -0.076 0,913 -0,070 0.000 ~-0,070 0.883 0.009
32 (12.70) -0.081 0.932 -0.073 -0.002 -0.075 0.884 0.010
4Z (17.78) -0.079 1.000 -0.072  -0,007 -0.079 0,913 0.008
5Z (22.86) -7.074 1.031 -0.071  -0.006 -0.076 1.016 -0.001
6Z (27.94) -0.056 1.088 -0.064 0.004 -0.060 0.974 0.002
7Z (33.02) -0.026 1.398 -0.054 0.018 -0.036 0.967 0.001
oo = 0.0520 %A K/K
. Base Cal. : First order perturbation calculation based on diffusion
theory.
T.C. ¢+ Transport Correction factor.

Table 6.5 Calculated and C/E Values for Axial B4C Sample Worth Distribution

in FCA Assembly XII-2 (Unit : po)
Position Base Cal. T.C. Nom-Leak. Leak Total C/E C-E
(cm)
1Z  (2.54) -0.371 0.932 -0.346 0.000 -0.346 0.952 0.017
22 (7.62) -0.390 0.935 -0.365 0.000 -0.365 0.991 0.003
3Z (12.70) -0.424 0.946 -0.401 -0.001 =0.401 0.953 0.020
4Z (17.78) -0.452 0.957 -0.431 -0.002 =0.433 0.939 0.028
5Z (22,86) -0.433 0.966 -0.417 -0.002 -0.419 0.916 0.038
6Z (27.94) ~-0.391 0.966 -0.378 0.001 =0.377 3.873 0.055
7Z (33.02) -0.327 0.966 -0.321 0,005 - -~0.316 0.897 0.036

0o = 0.0520 %& K/K

Base Cal. : First order perturbation calculation based on diffusion
theory.
T.C. : Transport Correction factor.



JAERI-M 86-016

Table 6.6 Calculated and C/E Values for Axial Sodium Void Worth

Distribution in FCA Assembly XII-2

(Unit : p0)
Position Base Cal, T.C. Corrected C/E C-E
{cm) Non-Leak. Leak Total

12 (2.54) 0.120 0.908 0.110 -0.001 0.109 0.872 -0.016
2Z  (7.62) 0.115 0.906 0.107 -0.002 0.105 0.864 -0.016
37 (12.70) 0.110 0.914 0.102 -0.002 0.100 0.912 -0.010
47 (17.78) 0.092 0.981 0.084 0.006 0.090 0.900 -0.,010
5Z (22.86) 0.079 1.048 0.076 0.007 0.083 1.059 0.005
6Z (27.94) 0.055 1.106 0.065 -0.005 0.061 1.080 0.005
7Z (33.02) 0.020 1.472 0.055 -0.025 0.030 1.495 0.010
8Z (38.10) -0.018 0.221 0.044 -0.048 -0.004 0.312 ¢.009

6o = 0.0520 %A K/K

Base Cal.

First order perturbation calculation based on diffusion

theory.

Transport Correction factor.
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Appendix 1 FL—1t+F— 4

92% fissile plutonium (92% Pu)

Type 2-2-1-/16
Weight Meet Can
23%9py  32.166 g cr 1.774 g
280py  2.835 g Fe 7.374 g
24lpy  0.253 g * Ni 1.002 g
Al 0.520 g
% determined on lst. January, 1973.

20% Enriched uranium (20% EU)

Type 2-2-1/8

. 235
Weight U 29.603 g
238y 119.00 g

Depleted uranium oxide (DUO5)

Type 2-2-1/4
Weight U (total) 140.4 g
233y 0.200 w/o

Depleted uranium block {DUB)

Type 2-2-2
Weight U (total) 4,926 ¢
235g 0.206 w/o

Sodium (Na)

Type 2-2-1/4

Weight Na 11.310 g
Ss 24,13 g
Cr 18.10 w/o
Fe 72.15 w/o
Ni 9.75 w/o

Aluminium oxide (Alzog)

Type 2-2-1716 2-2-1/8
Weight  Al,0; 14.74 g 28.51 g
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93% Enriched uranium (93% EU)

Type 2-2-1/16
Wweight  2°°U 68.282g
238y 5.228g

Natural uranium (NU)

Type 233y 1.070¢g
Weight 238y 149.,4g

Stainless steel (58)

Type 2-2-1/4

Weight SS  124.45g
Cr 18.91w/o
Fe 71.75w/o
Ni  9.34w/o
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Appendix 2 % # K B
A.2.1  FIfEEEIE

FIEEE E OB OREAE L7 ARIGE 0y O SEREMAGE 7 4 % Table A 2.1, BERZEC
L DEHFERIE 7 — 7 & Table A, 2. 21073 ¢, fSHEMELT HFHN0L2X107°A 25
0.8 x10°A ( ch No6 ) FTO@E

Td = 56.5 + 0.3 {sec)

EHAL o,

C/R #1 OB LHRE O 42/ 4X 2 Fig. A 2. 1IGRT, AREEK L4 S
OEEF— 4 %2 3WMMBICT 4 v 7 4 Y V2T > TRDI, HEENE 100mA5 200m = Tid
WIERRIGERITRS T, C/R #2 bEHEDEREEB,
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Table A.2.1 Doubling Time for the Standard Reactivity 2,

Power Range (A)
(ch.6 )

Doubling Time (sec)

(0.2-0.4)x10°°
(0.3—+0.6)X10°°
(0.4-0.8)X10°°
{0.2—0.4)X10°°
(0.3—-0.6)x10°°®
(0.4—+0.8)x10"*

53.0,53.0
54.6,754. 4
55.0,755. 2
56. 2,7°56. 4
56. 6,756, 2
56.8,756. 8

Table A.2.2 Control Rod Calibration by Substitution Method
step C/R #1 Pos. {mm) C/R #2 Pos, (mm) S/R #3 Pos. (mm)

1 0.52 262. 53 0.06

2 t 212. 49 50. 01

3 51.14 t 0.05

4 i 166. 65 50. 00

5 95. 97 t 0.06

6 t 123.75 50.01

7 139. 34 t 0.05

8 + 82.11 49.99

9 183.02 1 0.05
10 + 40.70 49.99
11 228.17 i 0.04

12 224.17 0.21 50. 01
13 272.69 4 0.04




Reactivity worth (o)
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6.0 43.0
5.0}
40k C/R #1{ 120
3.0 |
Po= 0.0520 x10°* Ak 7k
20l Td = 56.51%3sec |
- B =5.13x103 1.0
o C/R#
1.0F -
fo AN . AT W TR YN A TN T N W I TN AN TN W N N HE N N OO N OO A OO
0 100 - 200 300

C/R Position (mm)

Fig. A.2.1 C/R Calibration Curve in FCA Assembly XII-2

AP/ AX  (x1072py/mm)
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A.2.2 BEERMEHR

1/2EE6EMNEE LRETR, BEARUBHAOFH LmmEMIcE® (0.5 103 Jm
OEMEASD, F1, SIHEHICES 0.8 mOAEHNEET LoD, W1/285FPEEIK
REic b AW, mAlo®mERO/BIIKE,

0.8xX2+(05x£03)=21(+03)m

. ORERH B LTS, Chit, BRAEREOREDEBOBERE &1456, £/, 1/28&HD
EERBIRORGEERES5Z 50T, NICEEZOFMICE LESEECMIEALELL S,
FOT, W12 ESRAOMEA0.25m, 0.5m, 1.0om, 1.5mm 2.0m&iZE{LIEs2E
itk BmEEEEYRARE L, #HE%E Table A, 2.3, Fig A 22T, MBEHRG
LT, RI¥AC.2 5 mn OAIEMERY Ref. 2 OEER LD LT OEAE 7,

fo=—0112(£0.005)% + 0128 ( £0.015) m
= —0.875 = 0.110 £y /um
= ( —0.0455 £ 0.0057) % 4K/K/mn
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Table A.2.3 Critical Data on Gap Effect Measurements
at FCA Assembly XI-2

Item C/R #1 C/R #2 Temp. Gap.

Pos. (mm) Pos, (mm) (°c) ( mm)
Ref. 1 0.52 263. 54 19. 27 -0. 059
2.00 0.52 169. 24 18. 42 1.834
1.50 0.52 193. 89 19. 44 1.332
1.00 0.52 215. 86 19. 41 0. 888
0.50 0.52 241.72 19.28 0. 376
0.25 0.52 257.74 19. 16 0. 064
Ref. 2 0. 52 264. 53 19. 02 ~(. 064

- 20 -

Po/mm

AP/ AX =-0875 $0.11

o ! 1
0.0 1.0 2.0

Gap distance (read out) (mm)

Fig. A.2.,2 Gap Effect in FCA Assembly XII-2
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A.2.4 EEBAHFHHR

1/ 2% @05 HHRESTAET 2 Ltk D, REREEERICBVLTAGEMOE» BN L
TWwb, —FH, BTENREARESOL SENFN mT 2EBL THAEINc, 2T TORE
WOBARLPLTCVD, THOOHMSONIERIE, EEMCBLTHETELI 2=y (552 m
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A T A RUR S S ATHET 5o BIER, SHIHUE L v vic BB L2 SUS |2 W%+
A1 FRICERT A EL->TELNAMGEMES, Fig A 2.4 K¢ X973z bH
THELe ChoDF—9 5D, £ABOEEEAGHRLTEGL 72,

10 15 20 2% 30 39 40
110
15
oj0|C
120 o 5
° ©
o =)
=] =}
126 2 I%E M\
130 ° s
o
o] ]
ojojo
1]
135
pluB
{140
Expefimental Results
Region No. of drawer SUS worth (2000.8g)
T 12 ~ -0.311 +0.019°°
11 11 -0.213 + 0.019
171 23 0.153 + 0.019

Po = 0.0520% AK/K

Fig. A.2.4 Measurement Regions for SUS Effect Associated with

the Front of Each Drawer

48—
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10 15 20 26 30 35 40
SEE
o o
o )
) 0
5 ] Fi27-35
o ) HERS
—F129-34 ~
o o
0 ° ™,
= olo|o 2 FI50 - 34 T
plUB
Experimental Results
Pos. Ap (DUB - EUCD)
F127~35 1.469 + 0.013"
F129-34 1.884 + 0.013
F130-34 1.588 + 0.013

Ps = 0.0520% AK/K

Fig. A.2.5 Edge Worth Measurements in FCA Assembly XII-2
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