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Preliminary Analysis of Nuclear Characteristics Experiments in
Fast Reactors for Alternative Structural Materials

Toshitaka OSUGI and Hiroyuki YOSHIDA

Department of Reactor Engineering,
Tokai Research Establishment, JAERI

(Received October 14, 1983)

In order to reduce the sodium void reactivity worth by alleviating
the spectral hardening, some materials, e.g. V, Ni, Ti, Mo, Nb, Cu and Mn,
which have resonance cross-sections in the region of sodium's giant
resonance ( 2.3 keV )} could be used as structural materials for a fast
breeder reactor core. On the other hand, ferritic steels and Ni-base
steels which are modified by Mo, Ti, V, or Nb are being investigated as
the alternative structural materials with the present austenitic stainless
steels ( AISI 316 ). The present paper examined ; (1) the effects of the
alternative structural materials on the nuclear characteristics of a large
fast breeder reactor, i.e. c¢riticality, burn-up, breeding and sodium void
reactivity worth ; {2) the nuclear characteristics ( mainly the sodium void
reactivity worth ) which could be measured in FCA XI-1 Assembly, a partial
mock-up system of the large fast breeder reactor, by loading the alternative
structural materials into the assembly.

The analyses showed that V, Ti and Ni could be the preferable structural
materials from the point of view of the nuclear characteristics. e.qg.
criticality, breeding and sodium void reactivity worth. In addition,it was
pcinted out that the integral experiments which would make clear the nuclear
characteristics of the structural materials were necessary not only to verify
the excellant nuclear property mentioned above but also to evaluate their

nuclear cross-section data.

Keywords : FCA XI-1 Assembly, Alternative Structural Material,
Sodium Void Reactivity Worth, Fast Breeder Reactor,
Criticality, Burn-up, Breedeng, Partial Mock-up Experiment,
Integral Experiment, Preliminary Analysis
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Table 2.1 Nominal Alloy Compsitions
{Ref. 1)
Tron Nickef | Chromium Others?
316CW | Balance | 12.0 17.0 Mo
Dg Balance | 14.5 145 Mo, Ti
HT-9 | Balance 0.5 12.0 Mo, V., W
D57 Balance 0.5 10.5 Mo,V,Nb
D21 Balance | 25.0 8.5 Mo, Ti, AL Zr,B
D66 Balance 40.0 10.5 Mo, Ti,Al,LZr Nb
D68 Balance 35.0 12.0 Ti,Al,Zr,Nb,
Hf,B

*All alloys contain controlled additions of silicon, manganese,
and carbon.

Table 2.3 Energy Structure and Fission Spectrum of JFS-V2-25G Set

aon WIS Lo o &h A
| 10,5 (MeV) 6.5 (MeV) 0.4800 0.023372 0.019000
2 6.5 (MeV) 4.0 (MeV) 0.48C0 0.099585 0.089549
3 4.0 (MeV) 2.5 (MeV) 0.4800 0.184727 0177317
4 2.5 (MeV} 1.4 (MeV) 0.5700 0.261464 0.262604
5 14 (MeV) 0.8 (MeV) 0.5700 0.195521 0.202274
4 0.8 (McV) 0.4 (MeV) 0.6900 0.137327 0.144635
7 0.4 (MeV) 0.2 (MeV) 0.6900 0.060323 0.064229
§ 0.2  (MeV) 100 (keV) 0.6900 0.023788 0.025468
9 1¢0 {keV) 46.5  (keV) 0.7700 0.009355 0.010087

10 46.5  (keV) 215 (keV) 0.7700 0.003078 0.003310
I 21.5  (keV) 10,0 (keV) 0.7700 0.000977 0.001051
12 10.0  (keV) 4.65 (keV) 0.7700 0.000312 0.000336
13 4.65 (keV) 2.15 (keV) 0.7700 0.000100 0.000107
14 2.15 (keV) 1000 (ev) 0.7700 0.000031 0.000034
15 1000 (ev) - 465 (ev) 0.7700
16 465 (ev) 215 (ev) 0.7700
17 215 (ev) 100 (ev) 0.7700
18 100 {ev) 46.5 (ev) 0.7700
19 46.5 {ev) 213 (ev) 0.7700
20 21.5  (ev) 10.0  (ev) 0.7700
21 10.0  (ev) 4.65 (ev) 0.7700
22 4.65 (ev) 2.15 (ev) 0.7700
23 2.15 {ev) 1.0 (ev) 0.7700
24 1.0 (ev) 0.465 (ev) 0.7700
23 0.465 {ev) 0.215(ev) 0.7700
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3. REEBEMENOSEFOER

316 ABMI A2 RBHBEMOEREMTLEOLA TS T & RATIIEB~T, AEBENORR
i, BEBEBIURE, & BEIME ORI SV TRCOBRTEILL - THoMITSE
NBETHAH 3D, REEEHICLRBEECSEA2EE LN L TS LENSZ, AHMIC
RN BHEMESEFORE C VAT L UOBHEEKR S o "ERLEERLLBEO™
LR T AR, HeoEEHonEsr AR CERELALFLRERITPLETS S5, 54
DBRATERIOE®RTOMALDBEMICH T AP ORBRITEITEHT, FAHEMBEMICES
FLBRH AT XTOREH RO TH—WIKERAT AL L, THhbEL, REMBEMK
E{REFLOAGHETATREEEM L > TBAL, REBEBEMICECRBFLOKE
MrmH T s Eicli, REREEMBII6TBHTH, REBEHN L L TEMAZEDOV,
Ti, Ni &®ENW4E® Cu, Mn, Mo, Nb, DT o0 2EHEKEFZE L7,

3.1 HEEFIL

HEEE LIS MER 305.6cm, @S 100ecmDFLHEFL, TOHIERE 1000 MWe
(2500 MWt) T b, dtBIcHVHEREREF V% Fig. 3.1 1KiRL, ZOEFHROM
Fi% Table 3.1 KiRL&. 28 GHA2ELOBEIR PuG —UC, THY, B CrRIEE
65mmAOEBHEROEDTH 2, £, REBEMEIBERIN I AERBEM O LD K
BEARHABICE - TEFOERRBH AN 20v/ 0TH B, CORFMOMKTH % Fe,
Cr, Ni, Mo ¢ B4 2 BB EHOMEE Table 3. 2 IR LT,
BEONR LT 2EEHIERYE, BEE, NatA FRICENRTHLH, HEAME, HEHE
VO R B D o 06 1 BRI B 175 - 720 DL L O BB BB IC 1% 25 BIMT ER £ » b JFS—1 7
50 REHE - B — 1 PHENIX Y 28 L, BEFLTREENBEO M E Y £
BLTWaHEGLE, Mk hENECHELEILNLOT, BRETBEAHE, 3y
FOMMBMESZE L BHES0SERELLBBEAEZITN S L, TORDHICH
HUMEORARBEERECMAZOCNZCERKESL EELLNDH, SEORELBRR O
BB iRET s dEL oL

FERORECETTH, %ﬂ@bﬂm&@%lﬁi%ﬁémﬁ%ﬁM%zwe(mzmﬂm
MM L, ERY A 2 88 (BOEC), £ 4 7 v (EOEC) TR, FREEMBELY
AFENO5E, 1FOBETE-THFLESUEARDPBERINELELIOLONS, LD T,
HIr LR EE DB (BOL), BOEC, EOEC itk 2 #aiE, 7vAAL—MEER
® 0 EFPD, 146EFPD, 292EFPD Bic B MR TH » Til {uéﬁicﬁh@“c&mfgéo
CoBRHFOE i, BOLBMEMEKET<TORBBEM >V TE—& LA b DITHES
L oEMmuRNERETSV, Ti, Ni of&icid, FHHELERIC EOECHO Keff 258
L0065 IKEAL Sk BOLEBSEER+BH LA BGCo0wToBEEZMAL, Lt -7,
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HANDPE LABRZEBREEROHEEEZSD Ty —2THYH, FOEHEMES Table 3.3
e & i,

32 BR M

BEMAERC EITNTOHMEPBE—TH2ELTBREORTIABEMIC DT OEYEESE
% BOL, BOEC, EOEC ikt LT Table 3.4 Lz, TOER, VETI IRFHERE LB L
THHEODECEHNEEERL2E A, NI @ETEVESGBEERE, ToMOBEMEHEFKCE:
EPWERE FNTHEI TS, Lid-T, BRECHE S, S, Ti >V>AHH>N
>Cu>Mn>Mo>Nb &5, B FRARE 1 cBEE{LL, BOLKOEER DR
T35 v A% Table 3.5iCR LAk, COER, FAOBEMCLIERAYOMERIBEMES
DO TRIRGEICEKGFELTWR EBbr b, T1, V., A##H, Ni, Cu, Mn, Mo, Nb @
ehM-FRE T 20 FRIREEGE, Theh, 41%, 3.9%, 6.6%, 103%, 132
%, 153%, 291%, 311 %CH 2, Ti EVOPHETRINE S LERECHFESMIRL TH
ZH5, THIFANS P AEAREIZPPUuDAEDHETEAS D LW Table 3.5 o #HET
x5,

Table 3.4icid, FEfH A 7 VB (BOEC-EOEC) TOBMEIC kL 5 LB RIGERE
RIZOWTHLLTES, REHMIEKLT, MnidBR I XToOBEMORIGEBAPK
N BEMBH D, LdrL, BEVOBRME*FEEL TBOL FoBREKE#EHTHE,
Ti, VAR BEFH T3 PuEERELLELSAGD, FLEBELRLETI DT, #HiR
RIGERIRARE LB bDEELI LN,

V, Ti, Nl ig2WnT, ~&FMEFERIC EOBECKO Keff 254 1.005ic74 % & 51 BOL BO
B A BT L, £ OB BOLBOMEBHEK & #BIck 2 XA RDE/%E Table 3.6 &
TRENFNR LA, GOHEEPUE (PPu+Pu) &, RAEMEEBELT, V, Ti Ti
4.8%, 5. 9BFhFNRMAL, NI Tis7T%HENTE, £/, BEREBERER Ti <K
FWM<V<NI &7, BOLKOBEAY, BERCERXEZSDAERMETE, TINEROE
EMTED, VEASEHLIAEE, NI BAEHLIOEFTELIPBLBELY 2 BEMTHLERA
%, Cu, Mn, Mo, Nb HBEHMASOEEBEBLLEEIOSNT, HEORMME LTH
WHENLEEFLONZOT, BRAKCELINHEETHEOBBEARRL ST WLEAD,

33

BOL B OBME M Z ¢ < TOBEMICH L THBEE LABADOHAEL % Table 3.8 ikRL 7,
COHEHIE, ITXRTORBHBEMOBHBHLEATMELERK L TEYL, O LRBTHEEM
OhHTHRNMEREDOA TIREC, At IUCEEKIBAERICE > THLAOPHET R <
JWABLIURABT S vy PANOhBEFRESEEBERILILEEZERL TS, WHEE
BR %,
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Ne?8< 0, >¢?® + Ne*® <0, ¢+ N?* < d¢ >¢° « O/ Dc
Nc'®< G > + Net <0, >c ¢

BR (3.1)

E# o T, Ne?® , Ne', No*, Ne*' id4E0icds b 3 280, °Pu, *°Pu, **'Pu O FHR
FHEE, Ng® R 75V 7y bBT B UORHREFREETCH L, /2, <ox>EHL
THETIVLy POEBML I 20 | BNERTHD, O/ Oc BFLEHTETI VT y
PO TR THE, FAEMBEMHICEEEFLOBREE, SOMER, TNTORE
BEMICESFLOREBHERRIEST VDT,

OBR NE® 6 < ac >¢®® + N d<ae > ¢’ +Ng*® §< 6¢ >p? e (0 Oc )

~

BR Ne2® < gc > + Ne*® << 0c > + N < oc > (@ /D¢ )

+Ng?*<oc >« 0 (@p/ @) Ne*® §< 0, ¢ +Nc* 0< 0, ¢
Nc'* < 0, >¢** +Nc*' < Gy > ¢"

(3.2)

Epd B, ARE I BAIBY B FABRISOE(LE, H2EIRIRUEPEO TR FR
RRIEDE{LRTH S, Table .8 KA LA HBEEREMFHEL L TLRACLAB - TEE
ZXS L, Table 3.9 KA LI, TOESR, FEMIVBRELCTCNLT, VIE, B
HHEORINMMERBA KNS NET L - THEREZRBATVLY, BLTiB7 777y
PO THLNANELEECETVEOBEREEEL TS, Nb, Moid, BRI
HD< 0, >ORDICE BMEEMSRU PP UO<C 0. > ORbic & B RDHRD
EMHELLKRKE(RDY, 20RRELTEVEBLEEEAS LT TS,
BEMOEAK4ZE L TBOL BoBREMm+ T LcBaogiEil+s Ti, V, Ni A5
Z>WT Table 3. 10 R LI, COKER, #LAKAEUYHERFBD LA Ti OBGE, A
G LB L THAN D MEBEEAEL NS, ABRORRKSZ VOB AENHEFREEOMN
FEHIC E B 2T B, Lich-T, BEHOBERELER TG, #BEEDIEME Ti> R
FE#=V >Ni>Mn >Cu>Mo >Nb DJEKE L EEZ LN S,

34 NaRA FRICEMR

TEOREMEEIRVTASL 23KV it ~2 287 5 Na OHBAROAHEICHLD K
f B A B, LicdioC Na BEBOgMEF A~y b bic 725 EQ RGN E
BT 28N H B,

Na £4 FEGESREI, LD BOREKEES S, BEHEROELIVE LARIRE
BHOEBICE - TELHVEORICEDREE b7 04, Lich T, BBICL - THEITIMEH
3B Na 4 FREEDREOERNLESTREMED S 505, &> T, BOLKIZIRELTIL
mesd s it
. BOLBE® Naf4 FREIGELHES Table 3.11 R Lchs, FA4 FHERELTRFLERLE
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Lito REEMEHETAE, Ti, V, NI HEDONa® A FRIEESDR%: 13%, 25% 20%,
FhENERT 54, Cu, Mn, Mo, Nb HEONa#4 FREEDREZEDENEFS, &
DEEABATECBBEHBPENTH LS, IS TEBBRPHT NI YAEHOTRET
%, Table 3. 121 2 DERZR LA, NaFlfbs, K4 FERCERROBSRPETRER
=1l iHBbL, ARTohHTRNEGEPHFREEGOEMML L TERL I,

VIiedt LT Na® 4 FERBENILANEDE, NadFEA FFa2&icly B ishiF
2Ry P AEASED, PUOhEFRNHESESENS S ECHEDL, Tiic20THE, Naf
A FEODETREEEHNANELBICEN Na #4 FH$HRENELCTEEE%2L, Nikkob
Ti, Na®4 FEON HEOPHTRNEASHEMT 2 EB/NEE NaF 4 FRIRES A
ZERTH B, —4, Mn, Mo, Nbig 2\ Tid, Na K4 FEEICR <7 b LT O HEE
MEHBODH FRINESHE L BLTALENARENANaF A FHBEEZ 525 ERTH 3.
BOLBO&#EEMic >0 TO Na®A FlekdfEFTARS P vEL%E Fig. 3.2 iKR Lk,

BEMOBEREALZE L TRBOLBOBRKMEKAREG L BAEDOV, Ti. Ni, Ag&ico>L
T, #ONa®f FRIGEZE% Table 3.13iC/" L7z, Table 3. 11 OFELEETLE, B
EHERR OMES Na #4 FRIBESGRERGALZFEEIXEB DI T LEFEDOP S,

PLEORIEC &, EONaF4 FRBEERLICEST 5 EM R, V>N >Ti > 760
>Cu>Mn>Nb>Mo @IFILE 5 EEZ 5N 5B,

35 ZARIPIATFoOREEIDH

BEEMICE KEORBE LR OHE A2 b vE Fig. 3.2 Km L, REXES
THOWDTARI P WA VY F o JRAERWTHBELTHS, 47y 7 2ELTHE, ®UkKH
§ B 2Py, #0Pu, U, TMAm OEHEBEE L CL, Of B0, 00, R R,
R A Table 3. 14 IR L, MYEFRAXZ P VOBIOIFiciE~<5 &, Mo>Nb>Mn>Ti
>Ni >Cu>V =REW, 45,

BOLBOREEH ARV AHOFLILEREAMBASHEZAEHOSELEELALL
Fig. 3.3 iR Le WEFNGEFFHMB I 2500 MWL KBB{ELL TV, ZOM L, V,
Ni @20 TORHEAHERMOTH LB YELTHY, Ti, Cu, Mn, Mo, Nb DIETH 14}
FEAREHOZFNEHNRTRENE 5T B, Mn, Mo, Nbiz20Tid, ChoDOED @O
TR O EESRIBFONORRILSE SN D,

CZTREEZMAKLEEMON, ABHOETBEELTH D Fe, Cr, NI BLUEZORMA TS
AMn, Moig>WTid, + vy 7 vRIGCEGBESRESNTVE, 2O0—f%XFHRBEEZADL
¥ic, Tabie 3. 15 ZPPRick i 2HES JENDL -2 Tt L2 20 /EoFor
Lo COC/ER®™Putdt 8 C/EX1ELALKROETHY, BREEEH THNERE
F— 8 DBENKFARAESTHB L EERLTVAS, MAT, V, Ti, Cu, Nb g2\ Tidid
EAEHEAERT -y BIEELE L, |

V, Ti, Ni JEgREMH, HEE Na #4 FREEDROBEA»CABHENETLILHL
BEOT NI BEN THEH, TARBFEET -V OREBERARERET S, Likd-T,
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BEMOENEEEAEECTIRBAERE, FROT Ch-BHEERIET S LRI, &l
HEF-FEO-OOERBEBESERIIEYD 25,
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Table 3.1

INNER CORE
6.44495E-06
2.6668BE-04
1.55568E-04
L, L4LLBOE-OS
1.6275BE-05
0.0
5.40899E-03
1.29422E~02
1.13336E-02
3.7361BE-03
2.20532E-03
2.25111E-04
1.31415E-07¢

.0
.0
.0

o oo

CUTER CORE
9.4B765E-04
3.92593E-04
2.29012E~-0Q4
6.54321E-05
1.78121E-05
0.0

5.91955E-03
1.4994BE-02
?.61090E-03
4.06584E-03
2.399%1E-03
2.44GT74LE-DL
1.43010E-02

.0
.0
.0

Q90

9078BE-05

1.06040E-02
2.127198-02
8.14182E-03
3.25308E-03
1.92017E-03
1.96C04E-04
1.14423E-02

[«

.0
.0
.0

Atomic Number Densities at

5397E-C5

.B2603E-C3
1.36931E-02
1.13336E-02
3.73618E-03
2.20532E-03
2.25111E-04
1.31415€E-02

QO Q

.0
.0
.0

7555E-05
7.89476E-03
1.58370E-02
9.61090E-03
4L.065845-03
2.39991E-03
2. 44RTLE-QL
1.43010E-02

.0
.0
.0

ja e Rel
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le 3.3 Brief Description of Systems with Different

Structure Materials

System Fuel and Na Structure
FBR—-58 Table 3.1 SUS—316
FBR—V ” Vv
FBR-Ti ” Ti
FBR—Ni ” Ni
FBR-Cu " Cu
FBR—Mn ” Mn
FBR —Mo ” Mo
FBR—Nb ” Nb
FBR-V-C Table 3.6 Vv
FBR— Ti —C ” Ti
FBR— Ni —C " Ni

Table 3.4 Variation of Effective Multiplication Factors

due to Burnup

Keff Reactivity —loss
BOL BOEC EOEC (% 4k kk'/cycle )
FBR - 35 1.0570 1.0292 1.0047 2.37
FBR-V 1.0895 1.05645 1.0274 2.68
FBR-— Ti 1.0902 1.0597 1.0328 2.46
FBR— NI 1.0308 1.0035 0.89794 2.45
FBR - Cu 1.0092 0.9820 0.9579 2.56
FBER— Mn 0.9613 0.9672 0.9460 2.32
FBR— Mo 0.9061 0.8816% 0.8600 2.89
FBR-—Nb 0.8764 0.8526 0.8311 3.03
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Table 3.5 Neutron Balance of LMFBRs with Various
Structure Materials at BOL
System | FBR FBR FBR | FBR FBR FBR FBR FBR
Neuiron =SS5 -V —Ti —Ni —Cu —Mn —Mo -Nb
Balance
Fission Yield 1.000 { 1.000 1.000 | 1000 | 1.000 1.000 | 1000 | 1.00GO
Leakage 0.043 | ¢.045 0.058 | 0.034 ;, 0.041 0.040 { 0.039 | 0.043
Absorption 0.905 | 0.875 0.862 | 0.939 | 0.952 0,972 ¢ 1.667 | 1.101
U —235 0.011 | 0.012 | 0012 | 0.0L1 | 0,011 0.010 | 0.609 | 0.009
U —238 0.427 | 0.414 0.416 | 0.423 | 0413 0.419 | 0.373 | 0.372
Pu—239 0.267 | 0.271 0.261 | 0.269 | 0.264 0.260 | 0.248 | 0.249
Pu—240 0.040 | 0.041 0.041 | 0.041 | 0.040 0.040 | 0.038 | 0.038
Pu—241 0.085 | G.086 0.082 | 0.084 | 0.084 0.081 | 0.077 0.077.
Pu—242 ¢.005 | 0.00€ 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005
0 0.002 | 0.002 0.002 | 0.002 | 0.002 | 0.002 | 0.003 | 0.003
Na 0.006 | 0.008 0.007 | 0.006 | 0.00€6 0.004 | 0.004 | 0.004
St .Mat . 0.060 | 0.034 0.035 | 0.097 0.126 0.149 0.310 0.342
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Values were decided so as to be

Sec Table 3.1 or Table 3. 2 for structure materials.

Table 3.6 Atomic Number Densities in the Cores of FBR-—-S55,
FBR-V-C, FBR-Ti—C and FBR—Ni—C at BOL
(x10* ncm®)
Nuclide FBR—-55 FBR-V-C FBR-Ti —-C FBR—Ni—-C
Inner Core
U —235 1.6276 E— 05 1.6436 E— 05 | 1.6473 E— 05 1.6086 E—05
U —238 54060 E—03 5.4622 E—03 | 54744 E—03 | 53459 E—03
Pu —239 6.4450 E— 04 6.13566 E— 04 | 60647 E~04 | 6.8124 E—-04
Pu — 240 2.6669 E— 04 25389 E—04 | 2.5096 E—04 | 28189 E—04
Pu — 241 1.55657 E— 04 1.4810 E— 04 1.4639 E—04 | 1.6444 E—-04
Pu — 242 4.4448 E-— 05 42314 E—05 | 41826 E~05 | 46581 E—05
0 1.2942 E— 02 1.2942 E— 02 1.2942 E~02 | 1.2942 E—02
Na 1.1334 E—- 02 1.1334 E—02 | 1.1334 E—-02 | 1.1334 E—-02
Outer Core
U —235 1.7812 E— 05 1.8047 E—05 | 1.8101 E—05 | 1.7532 E—05
U —238 5.9196 E— 03 59978 E—03 | 6.0157 E—03 | 5.8265 E—03
Pu —239 9.4877 E— 04 9.0323 E—~ 04 | 89279 E—04 { 10025 E-03
Pu — 2490 3.9259 E- 04 3.7375 E— 04 | 3.6943 E—04 | 41497 E—-04
- Pu - 241 2.2901 E—04 2.1802 E— 04 | 21550 E—04 | 2.42068 E—04
Pu — 242 6.5432 E— 05 6.2291 E—05 | 6.157t E—05 } 69162 E—05b
0 1.4995 E— 02 1.4995 E~ 02 | 1.4995 E—02 | 1.4995 E—-02
Na 96109 E—03 9.6109 E—03 | 9.6109 E—03} 96109 E—03

Keff = 1.005at EOEC.
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Table 3.7 Variation of Effective Multiplication Factors due
to Burnup for FBR—S8S, FBR-V—C, FBR-Ti—C
and FBR—Ni —C
System Keff ReaFtivity — loss
BOL BOEC EOEC (% 4k /kk'/cycle)
FBR—-8S 1.0570 1.0292 1.0047 2.37
FBR-V —C 1.0621 1.03156 1.0050 2.56
FBR—Ti—C 1.0561 1.0288 1.0050 2.30
FBR-Ni—C 1.0619 1.0320 1.0051 2.59

Table 3.8 Breeding Ratios of LMFBRS with Various

Structure Materials

Core Blanket Total
FBR — S8 0.753 0.372 1.125
FBR -V 0.714 0.356 1.070
FBR —Ti 0.716 0.381 1.097
FBR —Ni 0.748 0.364 1.-112
FBR —Cu 0.743 0.352 1.095
FBR — Mn 0.765 0.355 1.120
FBR — Mo 0.711 0.322 1.031
FBR —Nb 0.705 0.323 1.028
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Table 3. 10 Breeding Ratios of FBR—85, FBR—-V—-C,
FBR—-Ti—C and FBR—Ni—C at BOL

System Core Blanket Total
FBR— S5 0.753 0.372 1.125
FBR-V —C 0.751 0.370 1.121
FBR-Ti—C 0.764 0.400 1.164
FBR—Ni—C 0.704 . 0.348 1.053

Table 3.11 Na —void Reactivity Effects of FBRs at BOL

System Na-— void worth (% dk ~“kk')
FBR—SS 1.97
FBR—V 1.47
FBR—T1 1.72
FBR—Ni 1.58
FBR —Cu 2.25
FBR ~ Mn 3.69
FBR — Mo 4,53
FBR — Nb 4,09
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Table 3. 13 Na —void Reactivity Effects of FBR —8S8S,
FBR-V—-C, FBR-Ti—C and FBR—Ni—-C
at BOL
System Na — void worth (% 4k kk’)
FBR~— 55 1.97
FBR—-V-—- C 1.44
FBR-Ti-C 1.73
FBR—Ni—C 1.58
Table 3.14  Fission Reaction Rate Ratios
System “f oo of 2% R D § SfPE
FBR — S8 0.890 0.171 0.0196 0.134
FBR-V 0.874 0.163 0.0202 0.134
FBR — Ti 0.888 0.182 0.0228 0.148
FBR — N: 0.905 0.177 0.0202 0.140
FBR — Cu 0.892 0.176 0.0202 0.137
FBR — Mn 0.906 0.191 0.0234 0.154
FBR — Mo 0.941 0.208 0.0245 0.159
FBR — Nb 0.941 0.202 0.0234 0.151
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Table 3. 15 C,/E-—Values for Central Sample Worths of

193.1

Structure Materials( 32)
Material ZPPR—2 ZPR—-5—7
Pu-239 1.00 1.00
Fe 1.13 1.04
Cr .16 0.97
Ni " 1.23 1.15
Mn 1.76 —
Mo 0.95 1.04
Af 1.27 0.94
unit : cm
Axial
g Axial Blanket-1 Blanket
o -2
Radial
. Inner Core outer | Blanket
o Core
'e
i15.2
152.8

Fig, 3.1 RZ Configurgtion of 1000 MWe LMFBR
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Table 4.1 Homogeneous atomic number densities of FCA
XI—1 assembly
(10* atom « cm™)

egion T1—drawer T 2— drawer TEST — 1 TEST — 2 Pu Driver
Nuclide (T1/T2=4/5)(T1/T2=1-1) (PD (92))
Pu-239 5.2290 — 4 1.0458 3 8.1439—4 7.8434—4 2.0916 -3
Pu— 240 4.6647—5 9.3294 -5 7.2562—5 6.9971-—5 1.86569 — 4
Pu-— 241 4.7309—6 9.4617— 6 7.3591—6 7.0963—6 1.8923 -5
U—235 3.2900—5 1.5185—5 2.3058—5 2.4043 -5 1.5185-56
U-238 9.3449-3 6.9056 — 3 7.9898—3 8.1253—-3 6.9056 — 3

O 1.6598 = 2 1.7286 — 2 1.6536—2 1.6442—2 1.3911 -2

Na 8.2960—3 8.2060—3 8.2960—3 8.2960—3 8.2960—3

Af 1.1249-3 2.2498 -3 1.7499—3 1.6874—3 0.0

Cr 3.2257-3 3.3890-3 3.3164—3 3.3073-3 3.7155—-3

Fe 1.1849 -2 1.2427 -2 1.2170~—2 1.2138—2 1.3581—2

Ni 1.3781 3 1.5084—3 1.4505~3 1.4433~3 1.7691—3

Region| EU Driver Ax. Blanket 1  Ax. Blanket 2 Red.Blanket
Nudide (EUD) (DUP) (NUB) (DUB)
U—235 2.8483 -3 3.2900-5 2.8900—4 8.6000—5
U-—-238 6.8914—3 0.3449 -5 3.9885—2 40070 —2

0] 1.3499—2 1.7286 — 2 0.0 0.0

Na 8.2960—-3 8.2960— 3 0.0 0.0

Af 8.9993 - 3 2.2498 - 3 0.0 0.0

Cr 3.1340-3 3.0624-—-3 1.827—3 1.827—3

Fe 1.1504—2 1.1272—2 6.652—3 6.652 — 3

Ni. 1.4020 -3 1.2478 —3 7.960— 4 7.960 — 3

(52290 —4 : 52290 x107™*)




JAERI~-M 83-188

Table 4.2 Homogeneous atomic number densities of
TEST -1 region of FCA XI -1 assembly
{10%* atom *cm™)
Model
Nuciide XI-1(88) XI-1(V) XI-1(Ni) XI-1(Nb)
Pu — 239 8.1439 -4
Pu — 240 7.2562—5
Pu — 241 7.3591 -6
U — 2356 1.5185—5
same as X1 —1 (S88)
U — 238 6.9057 — 3
0 1.3911 -2
Na 8.2960—3
Af 1.7499—3
Cr 43713-3 3.3164 -3 3.3164 -3 3.3164—-3
Fe 1.5999—2 1.2170 -2 1.2170— 2 1.2170—-2
Ni 1.8970 -3 1.4505—3 7.2906 — 3 1.4505—3
Vv 0.0 4.4887—3 0.0 0.0
Nb 0.0 0.0 0.0 3.5227—3
Model '
Nudlids XI-1(Mo) X[—1(Ti) XI-1(Cw XI-1{(Mn)
Pu — 239
S same as XI —1 (S8)
Al
Cr 3.3164—3 3.3164-—3 3.3164—3 3.3164-—3
Fe 1.2170—2 1.2170—2 1.2170—2 1.2170—2
Ni 1.45056 — 3 1.45056— 3 1.4505—3 1.4505 —3
Mo 3.6591—3 0.0 0.0 0.0 |
Ti 0.0 3.6603—3 0.0 0.0
Cu 0.0 0.0 54772 —3 0.0
" Mn 0.0 0.0 0.0 5.1772—3

(81439 —4 : 81439 x107*)
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Table 4.3 Density and atomic mass weight of structure

material

|

Material

Vanadium (V)
Nickel (Ni)
Niobium (Nb)
Molybdenum (Mo)
Titanium (Ti)

Copper (Cu)

Manganese (Mn)

Density Mass weight
(g-em™) (a. m. u)
b.87 50.9414
8.8 58.71

8.4 929064
9.01 95.94

4.5 47.90
8.933 63.546

7.3 54,938

Table 4.4 Multiplication factor

Keff

‘Model Keff (K, —Ko) . K, (%)
XI—-1 (88) 0.97507

XI—1 (V) 0.97522 0.015

XI -1 (Ni) 0.97472 ~0.036
XI—-1 (Nb) 0.97296 —0.216
XI—1 (Mo) 0.97334 -0.177
XI—1 (Ti) 0.97514 0.007
XI-1 (Cuw 0.97443 —~0.066
XI-1 (Mn) 0.97427 —0.082

(K, : Multiplication factor of XI—1 (SS) model )
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Table 4.5 Energy distribuiion of neutron flux in the region- 1
of TEST 1
Model . '

Gro XI-1(88) | XI—-1(V) XI—1(Ni) | XI—-1(Nw | XI—-1 (Mo)
1 1.780 — 3 1.817 -3 1.783 — 3 1.806 — 3 1.797 — 3
2 8278 — 3 8.441-3 8.263—3 8.365 — 3 8372 -3
3 2.058 — 2 20772 2.045 -2 2.047 — 2 2.058 — 2
4 4361 -2 4.433 -2 4372 -2 4.266 — 2 4327 -2
5 6.341 — 2 6.392— 2 6.404 — 2 6.260 — 2 6.325 — 2
6 8.910 — 2 9.925-2 1.001 —1 1.006 — 1 1.002 -1
7 1.483 — 1 1.422 -1 1.465 — 1 1.511 — 1 1.501 ~ 1
8 1.466 — 1 1.502 — 1 1.492 -1 1.501 = 1 1.493 -1
9 1.448 — 1 1.445 -1 1.437 -1 1.464 — 1 1.456 — 1
10 1.388 — 1 1.217—-1 1.303 -1 1.380 — 1 1.381 — 1
11 8.021—2 7.296 — 2 8.402 — 2 8.028 — 2 8.080 — 2
12 3.926 - 2 4.014-2 3.869 — 2 3.869 — 2 3.906 — 2
13 2.485 — 2 3.431-2 2.631—2 2.290 - 2 2.328 — 2
14 2.263 -2 2.898 — 2 2.378 - 2 2.005 — 2 2.067 - 2
15 1.113 -2 1.337 -2 1.184 -2 1.018 -2 9.363 — 3
16 4690 — 3 5.390 — 3 5061 — 3 4111 -3 4418 -3
17 1.580 ~ 3 1.743 -3 1.729 - 3 1.319 -3 1.355 — 3
18 3.712 — 4 3.971—-4 4161 — 4 3.044 — 4 2.952 — 4
19 8.627 — 5 8.918~-5 9.689 — 5 6.871 -5 6.242 — 5
20 1.258 — 5 1.295—5 1.441 -5 1.0056—5 8.941 -6
21 2.162—6 2.205—6 2.465 — 6 1.730 — 6 1.566 — 6
22 9.849 — 17 9.8156—17 1.121 — 6 8.096 — 7 7.489 =7
23 1.965—17 1.929-7 2.228 - 17 1.614 — 7 1.498 - 7
24 2.331 -8 21758 2.771— 8 1.822 — 8 1.687 — 8
25 5070 —10 4.423—10 6.518 —10 3.634 — 10 3.351 —10
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Table 4.5 Energy distribution of neutron flux in the region — I

of TEST ! ( continued)

Model
Group XI—1(Ti) XI—1 (Cu) XI-1 (Mn)
i 1.817 — 3 1.770 -3 1.789—3
2 8.483 — 3 8.197—3 8.367—3
3 2.100— 2 2.025 -2 2.084—2
4 4.415—2. 4.364—2 4,426 — 2
5 6.395 — 2 6.316 -2 6.406 — 2
6 9.997 — 2 9.948 — 2 9.934 -2
7 1.485—1 1.486 — 1 1.449 -1
8 1.477 -1 1.486 — 1 1.487 — 1
9 1.438 -1 1.439 -1 1.473—1
10 1.163 -1 1.361 —1 1.336 — 1
11 8.539—2 8111 -2 8.450-2
12 4680~ 2 4093 -2 4.316 — 2
13 2.830 -2 2.376 — 2 1.449 -2
14 2.506 — 2 2.348 — 2 2.54b5 -2
15 1.191 -2 1.081 -2 1.231 -2
16 4876 —3 4,423 -3 4872 -3
17 1.601—3 1.484 -3 1.574 -3
18 3.652— 4 3.448 — 4 3.5673— 4
19 8.233—-5 7.854 -5 7.925 -5
20 1,199 -5 1.149-5 1.135 -5
21 2.048—-6 1.963 - 6 1.897 — 6
22 9.1568 -7 8.940 -7 8151 —17
23 1.801 -7 1.766 — 7 1.543—17
24 2022—-8 2.032-8 1.659 — 8
25 4.081—10 4.243 —10 3.239-10
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Table 4.6 Reaction rate ratios in the region —I of TEST 1

F (U—238) C(U—238) F (Pu—239)

F (U-235) F (U—235) F (U —235)
X1-1¢(88) Na full 0.01931 0.1465 0.8973
Na void 0.02027 0.1435 0.9057
XI=1(V) Na full 0.01886 0.1470 0.8851
Na void 0.01984 0.1444 0.8933
XI—1(ND Na full 0.01908 0.1479 0.8957
Na void 0.02007 0.1452 0.9047
XI -1 (Nb) Na full 0.01953 0.1457 0.9033
Na void 0.02044 0.1426 0.9119
XI -1 (Mo) Na full 0.01966 0.1460 0.9025
Na void 0.02061 0.1431 0.9120
X1—1(Ti) Na full 0.01927 0.1469 0.8894
Na void 0.02026 0.1439 0.8986
XI=1(Cu) Na full 0.01926 0.1467 0.8970
Na void 0.02020 0.1439 0.9060
XI—1 (Mn) Na full 0.01953 0.1489 0.9009
Na void 0.02049 0.1468 0.9093
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Table 4.7 Comparison of sodium void reactivity worth
(107% % 4k, kk')
Case 1 Case 2
Model 100% Voiud 50 % Void 100 % Void 50% Void

X1 —-1¢(88) 3.058 1.47 6.20 3.056
XI—-1 (V) 2.84 1.37 .67 2.52
(—6.9) (—6.8) (—8.6) (—17.4)
XI—1 (N 2.95 1.47 6.21 2.95
(—3.3) C 0.0) C 0.2) (—3.3)
XI—-1{(Nw 3.48 1.58 7.81 375
(141> ( 7.5) (26.0) (21.3)
XI—-1 (Mo) 3.48 1.79 7.89 3.90
| (14.1) (21.8) (22.4) (27.9)
XI—-1 (T 3.26 1.58 6.20 3.05
( 6.9) ¢ 7.5) ¢ 0.0 ¢ 0.0
XI-1 (Cu) 3.05 1.37 6.84 3.26
¢ 0.0) (—6.8) (10.3) ( 6.9
XI—-1(Mn) 3.48 1.58 7.26 3.69
(14.1) ( 7.5) (17.1) (21.0)

Figures in parenthesis are the differences of multiplication factor of

each model from the reference model, XI =1 (S8),in unit of

per — cent.

Case ! : Na was removed from the region — I of TEST 1 (see Fig- 4.3)
Case 2 : Na was removed from both of the region —1 and — Il of TEST 1.
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