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Water-cooled Breeder Reactor at FCA
(Contract Research)

Masahiro FUKUSHIMA, Shigeaki OKAJIMA, Masaki ANDOH,
Tsuyoshi YAMANE and Masaharu KATAOKA *

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 31, 2005)

Measurements and analyses of breeding index were performed in the FCA-XXII-
1(65V) core simulating reduced-moderation lightwater reactor(RMWR) with void frac-
tion 65% of moderator at Fast Critical Assembly(FCA).

The measurement of the reaction rate ratio of 233U capture to 23%U fission (C8/F5)
was made by a foil activation technique using depleted and enriched uranium foils,
and the reaction rate ratios of 23?Pu fission to 23°U fission (F9/F5) and 23U fission to
235U fission (F8/F5) were measured using absolutely calibrated fission chambers. Cell
averaged reaction correction factors were derived by the Monte Carlo code(MVP)
calculations with modeling the forms and positions of fission chambers and foils.
Consequently, cell averaged reaction rate ratios were determined to be C8/F5 of
0.0916 +1.4%, F9/F5 of 0.759+1.2% and F8/F5 of 0.0201+0.9%. Therefore, breeding
index of C8/F9 was determined to be 0.121 & 1.8%.

The analyses were made by using the JFS-3-J3.2R group constant set which is
generated from the JENDL-3.2 nuclear data library. The effective cross sections were
calculated by the standard cell calculation code for fast reactor, SLAROM. Three-
dimensional diffusion calculations by the CITATION code with 70-group structure
have been performed to estimate the reaction rate ratios in the core center. Here,
effective cross sections of fuel cells in the core center were obtained using the PEACO-X
code with an ultra-fine group structure to consider self-shielding effect in the resonance
energy range. ‘

Calculation to experiment ratios (C/E) of F9/F5 and F8/F5 were 1.02 and 1.03,
respectively. These calculated values slightly overestimate the experimental one. The
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calculated value of C8/F5 overestimates the experimental one by about 6%. Conse-
quently, the C/E value of C8/F9 was 1.03. The calculated value slighﬂy overestimates
the experimental one. The calculation code system developed for the thermal reactor,
SRAC code system, was also used to analyze the experiment. There was no large
difference in analysis results between the fast and thermal calculation codes.

Keywords: Breeding Index, Foil Activation, Fission Chamber, RMWR,
FCA, MVP
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1 #3
BARFIRZR (BH) Tld. CETHDNTERBKPEMCIBLY S VERDOE
R, TR LUY A IIIVEREEENE UT, ASEIERF OMAENMED SN TV,
IKBEMERESF Tl BELEMOX - BHERTFOEZRA L. Pk LTRZ2MZH
R BTDEDRA FRIGEREZHERLDD, 1 M EOEFELZBIRL TW3, FFTRE,
238y 7% 9Py ICKIBRENCE AT B BT, M & U TDOKOEEZREFBEREREZ T %
{FTBILT. BAHTRET 2 EHPETORER K MAZFLBLEZRETOERLE LT
WBDT, BITBKFICHNTHEFOLIVFE—ART FVBBENOWE-MTH B, FD7
. BREBEOFMIFHE T IMEOHAERT — 2R DRVOHFRTH B, £T T,
T 20 LFLOR# L 70 B PR 2 ZRINCEMIC S 2 C L ZBME LT, BEO®
SEIF AR FOA 2V TH E(LE MOX BB LOPHET LI VE— 2 <Y b L%
TR U TRR FCA-XXII-1(65V) ZHEER L, MR EBRZ R UTce ABIZE TR, FIBEZDRK
R EA T 2IEGEEREOEIE L UTERE L 38U B RIGR /29U o HRINE (C8/F9)
DREZTToTz. ETo. RIGHRLL 28U KGR /25U ORI (C8/F5). XPuKinH
ROV RAHEBLL (F/F5) KU BIUBDEER /25U B HRLH (F8/F5) DHIEETo T,
IKEHIEFER TR REBZIVF—ER TOPETFRIGNZEMC AR T e b, EEF iR
Fiz B i UTHR S W Bl EE (FR ¥ 27 L) RS FF#FFE (SRAC
VAT L) 2B 2 EOTERZITO, W5 ORERO B 5GP ER RN § 25
REEFTRBEOME 21T o 72, »
AEEE TR, H2BTERAROBE, B3R TRISKIE. B4ETMVP I3l
EECMHEERTOER., 85 BTERBTREIC OV TRNS, H 6B THITY A7 LB DM
BRUE 7 ETHRIERICDOVTERT 3,
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2 FCA-XXII-1(65V) SEERARDHE

T =T LIRS VIR 575 5 MOX ARG EIEREIF B> U — XJF D (FCA-
XXII-1) &, BEE. BEM R ARELEE —E L UT, B R AF L (CHR) DRA
KRR (45%. 65%. 95%) ZRMMICEZ BT & T, ZN 5 A KGHBEFOFM IR MEICRIE
THERWEAMCT BT L ZHNE LTV, TOVY—XFLOE 1FLE LT, BERSE
R 65% D FCA-XXI-1(65V) FFLZREE LUz, FFLNIT A MEREZ F 54 N\—RIKTHT
V=R THB, T A MEHIE MOX BRIk « M Tb 2285 LR Y
AFLUDBBRENTND, TT T, MOX BEREE ATV L AHE 92% TV E=vU L
BB (TIVIER). KRV VEBRRUSHEY S VBEYRM» 54D, IV FEELE
& 16%. WM IREMARELLE 0.6 THD, 7R MEEOBESIH L (T16CH(65V) 5IH L)
DEERZ— 2% Fig2.1ITRY, TTT, P (8 A VF) 3 1 BtV 24V F x214Y
F x2AVF) B0, BREL LT 92% IV b= LR (BE 1/16 7V F)3 W, RRATT V1R
(BE 1/16 AV F)3 . SV T VBRIEUR (BE 1/4 1 U F )2 BREHEEIN T3, ik,
WAMTI Uy P ULTRRUS VTRV T QA VF x2 4 VF x84 VF) BER LT,
DUFIRONER, WA TS Vv MBO BNV EZNZh T16CH(65V) Bfitz/l, NUB Bifi
IV WS, FCA-XXII-1(65V) FFODEBFARD X-Y. X-Z HEKZ ZhZh Fig22 DL
B, TERIZRT, 7 X MEFEEICE, BARAREDORDD R4 N\—REEREEE L, C
TT TAMEEL FSAN—BREEOI/ Ny 7 7 —F8IK (SUS) ZR I Tz £Te. Filve
B0 EOSI/MURERIE. PHETFOIRINF—ARS MU BRERSHIELT 3 & 5 1icufilic
WF MUY LREBIEYS VBIEMRA B ERBZ Y T N TS5V b (SB), FOMMIEBIEY
SvTayohbkkdTS5U7 v b (DUB) Z2&i 2o SHAIVOLEFETEEER Table
2.1 IKRY



Table 2.1: Atomic number density of each nuclide in the homogenized cells of the FCA-

XXII-1(65V) core
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(unit : 10?2 cm~3)

. Cell
Nuclide I CH(65v)  SUS  Driver SB _NUB DUB  Control Rod
L5y 0.0036 - 0.2311 0.0019 0.0084 0.0290 0.6782
B8y 0.8237 - 0.9924 0.9159 4.0174 3.9888 0.0513
9Py 0.1568 - - - - - -
20py 0.0137 - - - - - -
241py | 0.3014x1073 - - - - - -
242py | 0.1206x1072 - - - - - -
UiAm | 0.9963x10~3 - - - - - -
H 0.5146 - 0.0162 - - - 0.8432
12¢ 0.5129 - 4.8942 - - - 4.8109
160 1.9045 - 0.0070 1.8350 - - 0.0076
23Na - - - 0.7656 - - -
2771 0.6731 - - - - - -
Si 0.0030 - - - - - -
Cr 0.2212 1.5896 0.1810 0.3117 0.1810 0.1810 0.2927
55Mn 0.0151 0.0825 0.0120 0.0229 0.0120 0.0120 0.0200
Nat. Fe 0.7986 55545 0.6473 1.1217 0.6473 0.6473 1.0511
Nat. Ni 0.0990 0.6950 0.0789 0.1413 0.0789 0.0789 0.1278
i 18 inch i 8 inch |
CH(1/8 inch)
AbO3(1/16 inch)
DUO2(1/4 inch)
g
Pu(1/16 inch ) f‘
NU(1/16 inch)
(widthofplate) -

Pu:Plutonium plate, NU:Natural U plate, DUO3:Depleted U oxide plate,
CH:Polystyrene plate, Al;O3:Aluminium oxide plate

Fig. 2.1: Cell configuration of the TI6CH(65V) drawer
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XY plane

T1 6CII-I(65V)

Test Region

Y
X
XZ plane
1
g
3]
&
¢
. 1v.
5522255525!!23252!5& Z
X

[]T16CH(65V) [-]Driver [ NUB
Monitor

Fig. 2.2: X-Y and X-Z cross-sectional views of FCA XXII-1(65V)core

Safety/Control Rod
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3 FCA-XXII-1(65V) TORIGREER

RIS C8/F5 TO B8U R IGE (08) kU 25U HAHR (F5) DHlER. HEUF Y
ARUBEY S ViEE O ERSHERIC L D To 7 B O, BEomMEHEEICB VTR, Fd
T—EHHDE LRH LB, FNFNDOBEICH) BRIV ERYR OB EERYH bR
BHEND v BOARY MVRIEIC & D RISREHET 3. TT T FNFND yIRE—VITEH
B RERDORHBEIRE, FHERIRIC L 2 v ROZXRY MIVEEH R CHERIE E NI
AHEEIC X BBAHE L OHBIC K DR L. SN 25U HRRIGRR T 255U MOHRD
HEXHEZRDGE LTz EOHEEE Table 3.11CRT, REHREDDICT BT IVIET
DA, FLRLOBRIEIH U T1I6CH(65V) WICEE LTz, Figd.1linRd Lo, HEIZE
BRI 1/2 EEERDEETSE B OREVRICEE U, BEIVAIRBO T, $ErS5UE
ROBMED Z V&, 28D 1/8 1V FHET T VBB THRAEEL Tz, Figs.2ic, R
h)b@ﬁbﬁ@&tf?ﬁ@‘%fﬁﬁzfﬁ%ﬁﬂ SRETED v #RAR T MIVHIERIC SO THREHEER
WREND XS ICRETFIFHTI%Z 20W & UT 3 RO 21T o Tz, TV =D LRI ZH
WD v RO AR MIVRIEFRDT 1w 7 B% Fig.3.3 1C/Rd, & T. Automatic sample
changer 25 LT, $1L75 VERTERY T D ¢ BORRY M VHERZEIT o

3.1 LY SUBEISE B B8U BERSEOHTAE
By PG T RT3 L ROBRESER 72 & 5 T 2%y ICEET 2,

23877 1 — 289Qy _E’—__, 239N, _ P~ wp, | (3.1)
23 min 2.35 day

AEBRTE. BT VBICET B BUEBRISHD BINp DFIEERED 4 HY—7% (106.1,
20.8,227.6 keV) FHEUDALE R TV, 238U HRISROMIMERHE Uiz, Fig.3.41cBVT, .
BIETT VBED ¢ HARY FIVO—FlE LT, B TS, 1425 BEEE LIRS TORE
BRT, CTT. WERDIINVE—KER. BHERIE 152Eu O 1 RE— /I & 0 2l
Uzo '

238U R ILE C8(capture/atom/s) & RXFIT K D HRE LTz,

C8=5 7" el Fomiota” Fedge  Fatten ™ ffg—cel (32)
Z T T, |
C  (counts) JAIREREAI L, ICIU B D 239Np-277.6keV  BRE— VB (T T T
FHRIEREREIE 10,0008 & Uiz, )
N (atom)  TEND 2380 DFEFH
k (s) . IBEHRT 25 4 RE— 7T 1, £ CORERTF
n®  (cps/dps) 239INp-277.6keV v FRE—FEHEUICIIT BEHEZIR



JAERI-Research 2005-008

Lix%, TTT, yHRE—Z (106.1,209.8,227.6keV) DA, 239Np-227.6keV lcEH L7HEHIC
DNTRERT 2, £lo. ROWEEZR LT,
fshield FfETFIC X 2 BEAD E CEREER T
fedge FHFIZE BEDO Ty VRMERTF
fatten FBAND v FRD H ERIMEERT
I e PPUBBRISRICN T 2 WV S LOMERF
TTT fO 0 EOBIEIC 551 B 15U SRR R L T U SR
BT BRDOBMERFTHY. TR OV TOFEMEBRIREBTITS T LICT %,
HUTTRE. () HIETSVED RE—TEHC. (b) BERTF. (c) MIEROFERIE, (d)
BERETFICOWTORMAHEES 5, ’
B S UED yRE— TR C
T =D LRSI X 2 —E1 b OFH IR ¢, 2 10,0008 & U, REHE T 25 RED
5 160 R & TORNICE v ¥ —7 (106.1,209.8,227.6keV) FHHIEHFERDIE Lz, Fig35
ITHVT, By BRE— 7 EROBIZEER Uiz, Table 3.21cHWT, HIETE LN LM
L SCHERE 6] DB R RS, MERITR o3 D0 Y — 7 DT, 29Np-227.6 keV ¥—7%
DFBRVELE L. ZTOVEHHOREM L TRERE 1% UROBRWEET B LT, DR
I 239Np-227.6keV IC 1 B ¢ FRE— VHBEORHELORAERENBNC &A%, 28U FHER
JERDREDEICK (3.2) IKBWTHE—VICEH LIEHRTH S, MMAT. 29Np-227.6keV
LB 3 v RECRNEEENMIO C— T ICHRTHAEI VT 2, 2 DEDEEEATH S,
iz ZzEBRLUT, X (3.2) POFEYEC & LT, 29Np-227.6 keV E—FICEH L 72
T T T, FEME C . ZORMIR ¢, & 10,0002 U, BEHHET 60 R (t, = 60hr) O
fEE UT. Fig.3.5ICRT 29Np-227.6keV ¥'—7 DEFEIZELH BRD Tz,
BERTF k
—EDHFEFHRLANVOBHIC K> THEUHEND 29Np i3, BEHKR TR, BiL 2 LI
BLTHAL, ZOBHNELREL & BITHDT 3, RITRD I C IS T 60 Rk
(tw = 60hr) DEICZ>TVWB DT, RERBEICESIHBEOBEEZER L. —EH/1TRE
LTV ARRDORISRERE LIz, TTT. TOFERTFIE, RS (4 = 3hr). BT
B B oy SIRE & T DR (£, = 60hr). —E&B 7z D OFHAIRSR (£, = 10000sec) ZAWVT
RATEENS,

)\U9
)\NpQ()\UQ — )\Np9)

)\Np9
—(1+kp) NTI(NTG — N9

TT T AV9 3 2390 DEBERL. AVP0 1d 2Np ODFEERTH D, ky ZEEFHETFHRERZ

E = (1+ kp) 1- ._)‘Np.‘).ti) . e_.)\Npg.tw - e__)\NpQ,tm)

(1= ety 2Pt (1 _ =X tm) (3.3)
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TORNBOZENMHETH S, kp IETFFAREBOTEFRHEC & O JIRE LT ERS
DFEFRLNIVOBENSEHE Lz, ZTOR L, 3 0.6%BETHoTc. X 3.3) DL
DE_RIIRHERICEET 2 U OFLETHD,

#H s 0 |

AFEROFEGIRE., BENEEEEATHE T, HLY T VELRUERZ 12.7mm D 23Am-23Np
FEEERRIR (EARIE) 2RV CHRE LTz, T T T MEHBITHT 2 B2 EEZR—E ¥ 2%
1T, yRRRAEIC BN T, 23 Am-2Np IZHERRIR & 7V~ =7 LR & DiEER 2, H{LV SV
D v BHIER . —E B, 25 Am-239Np IR O£/ L% Table 3.3 ICTR T,

T TC, 1EUERRIR 28 Am-23Np D v fRARY M V% Fig.3.6 IR T o 29Np-277.6keV D v FR
¥— 2 ORFERDOFHENER 8 IEFHEE (count/s) & 23Np UL (dps) DLElc X b, XX T
Rz,

39 .
Cc8 _ (02 277keV
n ¥ Np

AFZ TR, BENER S 2 DD 248 Am-239Np fRFEE VT, RHROFEEIR (n°8) &3k
7zo Table 3.41C. BRHRICHT Z5E. AEHEEL U TEHEEIE (n©%) 2R, WE DR
BIEBICELS—BLUTHED., 5HEIRE L TREINSDOLEERRH Lz, TOEER 0.1%
BETH S, | |
FZFERT
X (3.2) FICRLEE > lc. BHEOBEICHI B 4 SR EY 5 HEOER: LT RO
3OMNBIFENB, TNEOFMERTOREESFEZOFHMIC OV T Appendix AITRT, &
XHTR., ThBDOMEICDWT DR LHARITS,
(1) FPEFICK BERDE T fohiers
CHIRHROBENTOFRFOH CERICER LHETH S, PEFOEDIE
BIC KD, [REBDOBED v HFIROBEN BN THD L TWB T L Z2FHEL 726D TH
%, 127U, TFRICRUEESIC, TOHCHERDFEE (fshzeld) BN I|ERTE S,
(2) FEFIC L BED LY DR foige
CNRIRFEROBENOHFETRICE I BEDOI Yy VHIREER L., BHEBDEND
YIREDEENOHERZTE L2 DTHB, IZL, TENMSL (1) LHERICZY Y
SFEE (foage) BIEETE S,
ED (1) RU (2) OBEICH T BEEN S, BRICENT y REOBREIZEEHI—E TS
3 HRELT. ROWEEREH U,
(3) D v BROE DRI fatten
T yBRIERICB O THERE TRE LU y BNEDOERMICEET 2 % TO/IC
RUNEND yROBZFET LD TH B,

(3.4)
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CNEDHERETDRITTRT, TT Ty fatten & 2Np-227.6keV E— I D v HRUITH T2 B
CRIEIERT RS, D E—7icnd 2 8 EikiEE R Fi Appendix A ISRT

HORHEE foneq | Tv VRIEMEE fedge HERIAEE fasten
1.000 1.006 0.913

3.2 B#EYSVEIZLD BUBKHBROENAE

235U B 53BE F5(fission/atom/s) IERXAIC & DIRE Lz,

C 1
F5=—". - ffms‘l_»ceu , (3.5)
T T T,
C (counts) : ARV TR LZIBMEY S BEORIERA] tfw TD
-y RE—TEHE FHARRRTE 5,000 8 & Ui, ) ... o)
N5 (atom) : BRRMVAICEELU 2B 2 VRN O 235U KT

Foicen . 2 AR N T B 1)L EEHEORERT
Y Bo I & EOREMETO U BLEEE, WEVTTE U ERIENZEH

T EDOMERFTHD. TOFMONWTRE LB THERS, TT T, yRE—TEHEUC
B ZEHEZNE T3 (counts-s/fission) XN TEZ 53,
m_ C 1

TRy
e Rpfc

(3.6)

TCT,

RIS (fission/atom/s) : MENBIEE NI MATEBEIC LB UKD HR ... ®

pfc

C' (counts) : BI—DROHEBENTRS LB T VEORER] ¢,
TO yFFE— T (FHARERIE 5,000 & Uiz, ) ... ®
N¥ (atom) : X I—DBDBEHEEICEE UIBRY S VEANO 25U B
L9 5,

LEEDBHEY T U ERTO 25U B2 HBOMENRIEIZLIT D 3 DOHRIC X DBREINT
W3,

@ FLAFOOBRKE VA TIRE LTZIBHEY 5 VD v RAR Y MVETE,
@ FLFINTEER U TSN IE E NI DR BB IC X B 25U B BROMETAE,
@ FLHLDE I — DB HFHEN TIRE LB 5 VD 4 BARY MIVRE.



JAERI-Research 2005-008

HIEDICBNT, BT S VEEFLHOOBREL VA TRE LT, 20 v BRARY MUHE
ZITofze 122U, TOMEIIVATO 85U MAHROMSHERIET B HICIE. BV IV
EOFEEIR nF° DHENRETH B, T HEQIBVT. Figd.7 IRTHINIEEX
NI 2EHEE 1 2RV, P (REEELUBEV LR CMHE) TO 25U BHH
ROMSITRAERIT I L. WEQ TS EEHEE R VNICEET 5571, Fig.3.9 |
ICRT X SICEHUICERZRT THBY. JEQICHN U THESRE BOERE. RSB, BE .
TL—FOERB) BRE- T3, 22T, FEQRIHBNT. HMEQLHECHIESRY (BDOE
m, REIE, MRS L— b ORE) TEHEY T VEERE LT BT S UED v RRARY
MVRIERIT o7, HIE@ICE DELNS ¥— 3l L HIEQK X DEENS 35U KHT
ROMHER LT B2 2ic kD, B T VEOREGIER n° ZHE LT, MIEQRTHIE
@ TRA—TERDEREY S VERFEH L TWADT, TOFHEZIEF ZHVT. BHEY S
VBN TO 35U O HBOMNHEZIRE LTz,

TTT. LREOEEICRBZN, b0 3 DORBICHI ZMERMFCONTEEL TH L,

(a) HIRQRUTHERIBNT. BMEY T VI Table 3.1 IR H—RIRDZER L. EF
RS R ORI U T O RA—&8 (—EREFFE - 20W, RS IF) &7
%, (722U, HIEQ RUHERICHB VT, ThbDFHIRU BRI SAICIE—
BLTWEVDT, BBRT2EICHETRLANVEZXA—ICKZHENBEL RS, )

(b) MEQRURERICF T, BORFHEZEET 2H/IC, FOPLOREIVITHL
TR—BEMETHERR I 2. £, WEQILBY 2HHY 5 v EORHIER. HER
IR BHIEFHEORRE L A —DORAZNEEBE L T35 58I, HIEQTRXI—D
BDHEREZREM U, Fig3.8 iy HBME TRNEY 7 V/EZIRE Ui,

BHIE (O~Q) KB BZHFEFRLNIVOHRIC DN TR, FRICRT bniziie_4—
DFHBETHRBET B THIE Lz, FRICEEBMRORL S 8 DOFRFRLANVES
X—MREEINTNB, ThETNCHAE=F4—ERBR Fig.2.2 FIcR LUz, 2hbDHIEIC
B BHALNIVE, BOEEHEE ORIERD oW H 5 EORSHEED 20W £ T kE Bk
T3, ZT T, {1 20W THRERRGRFHENTIEISTE. HhDOHI 2W TRALEHEZE
ZBEZX—% 4D (M1,M2,M4,M5) BU/Z L. ThbDEEBNTHRELE U,

T TR. BRI VED yBRE— T C(D). XX —DRIZEHEICHE L BiEY
TUED Y IRE— TR C(@) MAKRHEIT X BRAOHROMNIE RIE (@) DRIEHE
IZ DN T DFMAEHIZTT 5,
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BRETS VD v RE—JEHC

Fig.3.1 R0 3.2 TR EHEUEBE CRH LIZBREY S VED yRE—JREC 2, LV
VBT U CHRT— 2R AT LR W TR U Tz,

v =T LRHERIC X 2 —E% D OFHIREZ 5000 L U, REHRTHE 24 BEH» 5 160
| NEE COMICGEHIEREHERDIRET T & T, By RE— I ERORMEL2B . TIT. K
DEERY) 143Ce-293.2keV, 1331-529.8keV I Nb-657.9ke V 97 Zr-743.4keV IC L B y FRE— TIC
BEH U, —HlE LT, IBEHR T 24 REREE U728 5 VED y BRAR Y MVE Fig.3.10
CRT. Efr. Figs.ll KBBZLERT, ZhEND 4 HY—7 OBZET 1w R LT
BBHEAEPGE T BRI, SN HOERD 5 IBFIR T 24 RilH 5 FRHD 3 BEEE TOH
ERET 4V T4 VT OEEL Ule, ZOMERE, XIME L & 2 612 Table 35 18R, TT
T, 43Ce-293 2keV U 97Zr-743.4keV DY —ZIZEIUTIE. LIREADRIRE EATHME & il
HE (30) T—H U, —F. 1381-520.8keV R U ¥'Nb-657.9keV DE—7ICEL T, SN
HEL. FEHADREM & SREICE FOR—BAA LN,

DD b BZEZRBUT, 143Ce-293.2keV KU 97Zr -743.4keV D v FRE— T DR, 5.
TRHHE TEFZI DFHE Cosorev KU Crazey ZIREL T, R (3.6) ITBIF 2K )V N THRSH
LB o VEOREEC & UTHRA LT,

X3 — OB UEEICRE LB S VED 1 Y — RO

HI—DRAHFHEICERE LB Y S VEOBEICE N TE, BMREVNICEEL B
MU S VEORE LRI USRS T, —EH D OFHIRE%Z 5000 & U, BEHTH 24 BE» S
160 B Z CORICHZETFERVIET T & T, yRE—/ERORHE(LERE Lz, T
TTELNE yIRE— 7 OREARICN LT, SN ELOZER Y & EEHR T4 24 B ED 52K
D 3 EEEE COMERET 1T« VT OHA L U THEEIZIRE Uiz, T DRERZ
fEL L }IT Table 3.7ITRF, TT T, 43Ce -293.2keV KU 97Zr-743.4keV D E— 7 DB
DEE. FNZNOHMEL RIEEE (30) T—H LT

BEDZeZERLT. 43Ce-293.2keV U 97Zr -743.4keV D R — 7 DRFHELD 5,
FREHE T R DFHBUE Clagrey BT Chyaroy BIRE LTz, FIT, 20U IBROHEIE 143Ce-
293.2keV R U 7r-743.4keV D 4 RE—7ICBT B3 ZNTHOFEE (C,C") ZAWVWT. R
3.7 &0 LRI o Tz,

5t
B I ovit el 2
BB XA R R,
T T TR, PUBAIBEHEIC K BBIHE R, 1T OV THREFEIC OV TOFHEAZT .
- Ele, A-OREFEICLD, U KU PPu D EEHEE R AV TEAHERK RS KU RE,
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DHELEHLT=DT. ThASICDOVTEEE THERTS,
AREERRC BN THER U T/ NS T ERIG D GBS OBIE R U Z DRHEIC DV TR SE TR
MIZELVEZRB 2720, CCTREZOBERFRTBICL LB,

FHERROBE - BORT VLR S B AEE

TS VERREHIR ¢ EE 25mm, EEK 25ug/cm?(BE 0.2mm OEEIR LICEE)
EEBOERE . RERBEIYUIVRHBERFER UL AR FaX MY —#
JIVFVIHR o TIvIAYV 98%. EBE 2%. (1KE)

FEEEFEE ¢ 500V

TT T, FEESIEERICEVT I I VF VT H AW HEER I NZD T, ARRICKZ->T
HALZERFT o Feo 20U BN BEHER U 28U OB BENDOESRETOY S VENMGS
HR% Table 3.6 ISR E/z. PPu BN EHROFE DI NS BPu O HFHED S
Vb= LAHESERLFERCRT.

BAZEHER FOPNCEEBT 32510, Figd.9 IRT &5 IRERZEE L. s
ZeRAM DOHREICHE R & DIEE [ LR Wz, 235U RU 28U BOZEHE R C DIBNICT
NFNEBL. TRICRT DL L TRIERZITO. TOFHEX D BIERZET.

BRI W R ISRIEIC B BRERO Ty 7 B Fig3.12 KR T, FHEED
5EOEER, MERIERRCFEERPRET, /OVAEEINREI TIE L, 25U KoH
HEER O 28U SRS, BB LN EE SR, ThEN Fig.3.13 & U Fig.3.14 IZ7R
T, TNEDOEME, VINDBEEEHPBEICIBZETL YT VD o FABICKBEENEL
DEENTVBT LN B, REBBEOFHBRECH LU TLUTO 2 DOBAE LZTOMESR
o7z

(1) NREMEE U TR, 25U MO BEHBEICH U TS DR EERIZH 300cps TH

ER 0.07% L2 0. F72 28U BaBEHEEICH U TR P OFHEERIEH 100cps TH
DHIER 0.02% ITEE D o7z,

(2) FHEEHIESOBIMFFHEL LT, Fig3.13 KU UEBVTENENDT 4+ AV
IRX—ANA T AREMBX D EBO/NE VST X 3R ESIMEC THEE L Tz
ZORER, 35U BOZEE. 28U MO IC BT 2 BINEBER. Th7Eh 0.2%.
1.26% ki oTz, TOBIMEMIEICHES BREISEH B X0 50% 2RRAAR,

BAEREE | AR () HA W
#5U 500 2
28U 1000 10
239py 1000 2
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By RU BUITHT B impurity FERZZERL T, T X —FHEUETHBIL LB HR
RUZ35 B Uf RU?38(fis/atom/ Monitor) & EEEEZE L ICRDEHFER (3.8) Ik D R®Tz,

cYs
U234 U235 U236 U238 __ pfe
0.0167R + 0.9766R + 0.0015R + 0.0052R = W
pfe ““pfc
U235 U238 ng?c
0.0004R + 0.9996 R = W (3.8)
pfe “*pfe
T, MPU)Q 463 Mg,i & 25U KU 88U O BEHEE DFHRRFIC B 2 T X —DFEYET
BY., AVE RO AVS 3TN ENOBEENORAMAETFRTBS, L. CJL KU C )

LR U7 BIERBEBOBRAEEHEDFBETH 2, K (3.8) FOZKAIHE Rk DRI,
Table3.6 ITRS 7S VREMADEERTH %, Rk 24U KU 280U OFEL L THIHR
L U234/ RU235 Jr 1y RU26 ) RUBS R ETEZ, T 0D 2 DOMEINARKERZHVCEL S
B (3.8) ZHEE, RN PPUBDHR (RE?, = RV?) RU BBUKAHR (RE, = RV™)
BEM U, B2 RU4/ RV KU RUZ6 ) RU DFHEEE LT, FCA DIEFENLE
BFABRFEC X O EVHEL NV RO IR E TRICEEHT %, CTT BT—%51
75U —{d JENDL-3.2 Ic&3 { EdfF T A 70 2 b JFS-3-J3.2R 2 L7,

}iﬁ;gtb RU234 / RU235‘ RU236 / RU235
FEE 0.0952 0.0322

— . 9Py HNBEDFTETIZ, Table 3.6 IRE L b =& LRSS EROB LR
B\, TORDOEESHZ Fig.3.15 ITR T, 2°Pu 7%= RPU39(fis/atom /Monitor)
. UToAERICEORD T, '

» CPu
0.0001 RFu238 0.9660RP“2§’9 + 0.0332RP1240 1 0,0007RF"4! = Mf,}fﬁ,?# (3.9
pfe pfc

TTT M3 BOPu BB L BRI COEZ X —DRHEUETH D, ALY IZEA

pfe

NORAMKRERFHTH S, Tle. CIp i bR U BIHERIEROBAHEHEDFIETH
%, DL EDOBIEMERI 0.78% IBE A o Tz, 2L, X (3.9) RZFDEETRMLC
EDHREVDT, [@fittk 258Pu, 240Pu KU 24U DRFIEL LT, BB RPu258 ) RPu239,
RPu240 / pPu230 Ty 7§ pPu2dl ) pPu2s9 BstBI o5 X T, BRKHIC 239Pu I 2R jogc = RPu239)
BYRRE UTeo IRBIRLL RPU238  RPu29 | RpPu2d0 ) pPu2sd T 1 gPu2dl ) pPuzsd 1g | SEIcR LT
HERT ATV —2 LT 7082y b JFS-3-J3.2R ZAV CEEFABHFEIC L DEEL
Teo T OREROFESEE FTRICRT.

BT, REOARIC DOV THREICEHE L T, ULOREMERZR VT, 38U OfFE

RIGRIEZR (3.2) Ik D, U OBHHEIEIK (3.5) KUK (3.6) K&K DIRE LTz, KL, C
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}i ,)‘t;zgﬂ: RPu238 / RPu239 RPu240 / RPu239 RPu241 / RPu239
FHEME | 0.318 0.103 1.59

NEDRAPORERTF FT5_ oo BT FIo e EOVTERBETERRIT S0 Table 7.1-(a) T
3. EORREL UTHEOEEMBICH 5 B30 DFEBRISERT U OMIHROKRE
R ’

— i\ SRIEC & 3 20U /25U AL FO/F5(= RES/REE) RU 28U /25U 15

pfec
HRILFS/F5 (= REY /RED) DFER% Table 7.1-(b) ISR T, 272U, Lheoﬁﬁ@i %
PEFHENDEERES ORIERTH B, |
REICEO TR, BEROBDIHFBED RISRD SRV ORIGRANERT SHERT

Ffoimscettr Flotmcets RO fpsomecan DFHIEZTTS o
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Table 3.1: Specification of the fission and capture foils

. Diameter Thickness Weight Mass Thickness Isotopic

FOll 2 ) oL
(cm) (cm) (mg) (mg/cm?) composition
Enriched U 1.27 0.0127  289.75 228.7 3517 93.16 %
Depleted U 1.27 0.0127  335.95 265.2 23817 99.96 %
Enriched U* 1.27 0.0127 297.65 235.1 23577 93.16 %

*Foil installed in dummy fission chamber

Table 3.2: y-ray peak counts and half life of *3?Np of the DU foil

7 (keV) c Ty () Tyl (hr) 2 Tipn/Tir
106.1 25635.75+-0.6% 55.994+0.3% 56.3 0.994
209.8  22658.51+0.6% A 55.77+0.5% - 56.3 0.991
277.6 103892.44+0.3% 56.344+0.2% 56.3 : 1.001

*1 Estimated Yy-ray gea,k counts at the standard waiting time £, = 60 (hr)
*2Table of Isotopel®! .

Table 3.3: The ?*3Am-239Np sources
Diameter Mass thickness Absolute disintegration

S 1D.
ouree (cm) (pug/cm?) rate of 239Np (dps)
No.1 o 1.27 1.54 1.442x104+0.3%
No.2 1.27 3.13 2.928x104+0.3%

Table 3.4: Effective counting efficiency of v peak of 239Np-277.6keV

Absolute disintegration Count Live Time n
Source 1.D. 239
rate of “”Np (dps)  (count) (s) (dps/cps)
No.1 1.442x10*+0.3% 256250 10000 1.78x10734+0.4%
No.2 2.928x10°+0.3% . 259950 5000  1.78x1073+0.4%
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Table 3.5: v-ray peak counts and half-life of 143Ce,331,97Nb and 9"Zr of the EU foil

v (keV) c * - Ty (hr) T (ar) 2 Typ/T) "
2032  6.17x10°+0.2% 33.27+0.3% 33.02 1.008
529.8  1.65x10°+0.7% 21.124+0.2% 20.91 1.010
657.9  1.88x10°+0.3% 16.70+0.3% 16.9 0.988
7434  1.51x10640.2% 16.75+0.3% 16.9 0.991

*L Estimated A-ray gea.k counts at the end of irradiation
*2Table of Isotope!®! '

Table 3.6: Deposit of the parallel fission chambers

Number of atoms Isotopic Mass
- of composition thickness
principal isotopes (nuclide %) (ug/cm?))
234U 235U 236U 238U
BSU  2.510x10'7+0.5 19.96
510x10 % 67 9766 015 052 9
e s o BBy 288 N
U 1.103x10'°£0.5 . 88.83
° 0.04 99.96
2381) 239P 240P 241P
9Py 1.027x10Y7£0.5% - - 2 3 8306

0.01 96.60 3.32 0.07"

*Date of assey Aug./20/1980, Need decay correction >**Pu T}/, = 14.35 year

Table 3.7: y-ray peak counts and half-life of 143Ce,133],97Nb and 9"Zr of the EU foil installed
in PFC :

Y (keV) ¢ ™ Ty (hr)  Tyi(hr) 2 Typp/Ty))
293.2  6.01x105+0.2% 33.26£0.2% 33.02 1.007
529.8  1.61x105+0.6% 21.14+0.3% 20.91 1.011
657.9  1.82x1051+0.3% 16.66:0.2% 16.9 0.986
7434 1.47x10%+0.2% 16.75+0.3% 16.9 0.991.

*1 Estimated ~y-ray é)eak counts at the end of irradiation
*2Table of Isotope!®l
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2.54 cm EU & DU foil

>

Movable Side Fixed Side
Gap

Fig. 3.1: The center T16CH(65V) drawers installed with the EU and the DU foils

XY-plane of the TI6CH(65V) cell  ZY-plane of the TI6CH(65V) cell

EU foil

wo 80°¢

DU foil

DUO,

Lo W,

Fig. 3.2: X-Y and Z-Y cross-sectional views of the unit T16CH(65V) cell with the EU and
the DU foils
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Automatic Sample Changer

EU and DU foils

]

Ge(Li)
Deftector

Amplifier
CANBERRA

Model 9615

ADC
CANBERRA
Model 9635

4000ch PHA
Genne-2000

H.V.
CANBERRA
Model 9645

4000V

Fig. 3.3: Block diagram for y-ray spectrum measurement system.

10°
S PINp(106.1 keV) “*Np(277.6 keV)
A i
. Np(209.8 keV)
4 Pl
210 ; /
2
© 10’
10

0 1000 2000
Channel

Fig. 3.4: Gamma-ray spectrum of the irradiated depleted uranium (DU) foil at 25.44 hrs
after irradiation
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Fig. 3.5: Decay curves of 4-ray peak counts obtained by the irradiated DU uranium foil

239
Np(106.1 keV) 2Np(277.6 keV)
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0 1000

4000

2000
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3000

Fig. 3.6: Gamma-ray spectrum of the 243Am-23*Np source.
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Chamber body
Pumping stem  Extension tube
W
o I e =
o Bl [
® | ~Anode electrode 26dia Connector
| ~ Foil with actinide coating :
To
~
Fig. 3.7: Parallel fission chamber.
Chamber body
Pumping stem  Extension tube
3 |
) O = -
g & /
\ Connector
! Enriched Uranium Foil
S
'S

Fig. 3.8: Dummy parallel fission chamber installed with the EU foil.

L

T T16CH(65V) Drawer T16CH(65V) Drawer
X

Movable Side Gap Fixed Side

Fig. 3.9: The centor T16CH(65V) drawers for parallel fission chamber.
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6
10 143 97
Ce(293.2keV) “'Nb(657.9 keV)
1(529.8 keV) \ ' Zr(743.4 keV)
5
10 : ¥
g Pl :
S\ maddiin :
4 J;w'h.. “:
10
4
2
10°
0 1000 2000 3000 4000
Channel '
Fig. 3.10: Gamma-rray spectrum of the irradiated enriched uranium foil at 23.52 hrs after
irradiation
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10* 1 . . .
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Fig. 3.11: Decay curves of «y-ray counts of the irradiated enriched uranium foil
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FCA-XXII-1(65V) Core

. Pre. amp. Spectroscopy Amp. ADC
Fission Chmnber JAERI 121A M . CANBERRA l—— CANBERRA
Gain x 10 Modcl 2021 Model 9635
H.V. 512 ch MCA
CANBERRA Genne-2000
Modecl 2002D
300V

Fig. 3.12: Block diagram for fission rate measurement system.
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Fig. 3.13: Pulse height spectrum of the 235U parallel fission chamber
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238U Parallel Fission Chamber
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Fig. 3.14: Pulse height spectrum of the 238U parallel fission chamber
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Fig. 3.15: Pulse height spectrum of the 23°Pu paralle] fission chamber
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4 MVPIZX BV EELAERFOEH

HIZE TR ONEBERUEIZEEEORIGRE., —RICARHETELNS LV EEORG
ROFEMEEIZELD. ChOREREC/EMEEL UTHET ST A HREV, #ic. £DOEER
fED BREIC R 2 MR REOREE R L. FEMEL NI B TE 3 WV EEOE
Rz 52208055, TOXIVTFHORIGRZRD I, ERIGERCBEREIC X
BHENDD, £, ERNCE, AERTHEALEBEX D BN EBREEREVWTRILAD
RISROZRINHFRE L. LIV EEORSRERET B LATRETHS W, 2L, T
DZEMWHHORE T, BHTREOY A XN LB BICHEBENTY, ik, B
TL—HMZBOTRAETERN WS EDELC S, BT, TV b= LOWD FWIZIER
ICEEETH B, ZT T, AR TR, BHELBREBRITIRA B T LN TEZERLIINVF—
EVFHvEE (MVP) 9 2 ENT, VAT OBEOEEME R OEIE X — 2 3
ICETIMEL T, SEORIGER A E D RKISED 5V PO REEANDFIER T2
FNTNORIGRICH UTHRE Uiz, B, IV EEORGRZRE L. FCA DIZHER
FRFTIC X R BRI L OB T o 2o |

THNEDHERFOEHOEICIE. UTOMICERL TERERDET VLR MVPIZLD
170720 BAGE THVWEERURDEHFTEE OB REND &9 2 EHITF 0RO BRI R T
FEEITNENT A D, FLBERETIVEST BT 2R, FOHLOREE TORGROFE
HERICERICKEAMEIEERZEZ BT LITkh 5, FCA-XXI1(65V) FFNC I 3 KIHES
HREX D, X-Y ARRISRHEDS/ONBBIRNY U VTR, ZH5ROBRNY &
UV IWRENT EMEENTVS 10, Zns DM 02/(82 +12) =0.28 £75%, TDTE
B, X-Y AANOFEFOBBNDOMRIZ. ZARADEFNTHRTRENT &AM 5B, £
T. Figd1lZRT&LoIc, X-Y AMICEL TREREEBRTRO TN, BREGELLTR
BZEGRE Ut —75. ZAACHEL T Fig4.2 iIiR s iR, BEIfIEEEHEOF vy 7%
- BRTT, BBHLOZAMICH LT 2 AV FF DDV BER L, BRE&EME LTIRELR
- HEBRUTHERITo /oo BRUBSEEEERZEL P LFLOBEVOEFIVEOR
DOV TE. UFICENFNHAZTTS,

4.1 RISRK C8/F5 [IHT BEETINIZL S ELFHERE

VEIC X B ROINEREICH U Tk, EREELUFLHOCE 38820 MVP ZREWT
EF VL (Foil Model) U7z, ZDRIIRR%Z Figd.3 ICRY, TT T, EVFIVOEEICEY
2 RIROFHIIFFEEFUEE (track length estimater) TfT o7z MVPIC & 3 EF /M EDE
E\@ﬁbkﬁ@%ﬁkéﬁfF@AS¢®ﬂU—ﬁﬁAME@ENmm\Eé&mﬁmn%ﬁ
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B L LT, SEORISH RES) 2RIz, WVEEORIGRE, Fig4.3 FOX Y —EE B(x,y2
KHZNEN2 A VFOUF ) LB 3 RELE NI RIGR RES & LTRDT, ThBRIG
REANT. BREICBY 3 U BHHROBERTF 2L FTOR THE Lz

Floieen = RES/ Rz , ' (4.1)

cell

BRIGERICNT BHMERFICE LU THREMRIC, Figd.3 HOX U —FEIEK A2 ICHIF BED 238y
FIRIS®R L 2 U —48 B 1213 3 1L T 38U BERSRO D SHERFREE Uiz,
TTTC B7—25A475 VU3 JENDL-3.2 ZfW . £/, ANV —8%Z 3000 FE A b
J—IZd BT LT, HEFEEN 05% U Fick 0Tz, TOM, #HD 100 ALA M) —ZFHET
N F 2 UT, HEHLED 5B,

CNEDOMERFICET 2FERS Table 4.1 I 2 BB, £, 25U ORI T BHE
BT LY ooy = 0.985(20.2%) Loz, MERTFREDKICRD EORIEER T L)V
FEDRIGBDIIINVF—T L—o XTI V7% Fig4 4R T, AKHPOEERIC, ZxVF—E
DEIEED R —VERT, TT T, ELRNVF—ERICHZD TNEDRIGRICIIFRE E
HERBENBZNT DT NDB, Z0O%K, FHEEE LTR/NEWEEEoT, ol BEEIVA
TOIFFEBRIT DOV T, F6.1 BN TRRETFIVZ AV RIVEEL NV TOERET -
Too TORER, 25U BOHEEOMRE VN TOIFTEMRII/NE L RIGRSHNEIFTFEHE
BB nol, FDH. MVP TOFREIZBOTHEOREMBE TORGERL ¥IVEEDK
IRRDBHBAE —BT 2R Ao/ EZ BN B,

—7. 28U MERIGRICN T 2MERTE ff5_ . = 1.107(£0.3%) &% D, *PUZKIH
RIZENTHEENRE RBHBRE o7z, PPUMBRGRICNT 2EDORGERT IV
FHDORIGBRDILINF—T L—T XTIV % Figdb5 KRS, TTT. HBILRVF—FHERI
BN, HERGFUE TORIGEN IV EEDRIGRITHRTNEWER L > T0WB T LATH
Do ThIG, FERERUHEY S VRCHIRIERT O, 238U R ER D5 HIRERG R
IKERLTWAEEZBND, £z, THICDWVWTIRE 6 BTEHMAREARITOC LT B,

ZC T, RES RU RED &, A—OREY2 7 THY TV YT LI DET B, %ie, U

4.2 RISEL F8/F5 RUFI/F5 ST DRARMNMETTILIZ LD L FHLHE

BAZREERER U TP OHNCEY 2EE [ H LD DOFEET IV (PFC Model) Dt
WE% Fig 4.6 FICRS, CCT. BHUEREDOBICIER LB, HEORER L F Uk
FRE Uleo TeI2U. RISR RE? 23MES 2 2V —RRICEL T, MAREOREZER
LT, EEOMIHFHEDOERES (BEH) ICHANTRE 28 C(M @ & 25mm. B
10mm) Z#RFH Uiz, i, 2ORY—FHRAT VLR (B 4mm) THE Uz, ZFHEBED
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JRTEE. Table3.6 LEA—DEE Uiz, RV FEIDRIGRIE. Figd.6 FOXY—FHLK D(x,y,2
AETNEN 2 A Y FOUHH) LB BZMECTHIL LI RISE RE) & L TR, Th
BERVT, MOBEHER VIR B 3 25U BABROBEEFRLUTOR THRE
U7z

ot = Re/ RS, (4.2)

T T R RO RES & A—DHEYa 7 THY T VI LIbDLT B, iz BUHK
DHEERT PPu D HBIINT ZMERTERBRICRE Uiz, BT —2574 75V —R’BE
FIV EFRRIC JENDL-3.2 2l e, £/, €A MU—8UE 3000 F A RY—, L, TOD
B, B0 100 FLR FU—RBTRYF L LT, HEHUED SR,

TNEDHERTFICET A5EE% Table 4.11CE 2B, F/z, Figd.7T~ Fig.d 9 ICHBNT,
BOZEHEIC B BRI ERR TV ORI HRD XN F—T L— 7 B VRS,
KXOBHLMEL ST, B9Pu DBDHEBO IRV F—T L—T X7 N2id 10%eV LU T DFEER
TRERZEBENTOD, UL, B 2Py OBSERICEL T, XV —ER C RUZ
U—fEE DIcHI A7V =2y LOHLEBIROBWCER L TWs L EZ 5N B, &7
SEHE R VICER SN BRICEEI N TEY., ZOEZEFOSIV U LDEE
BLIFRITNENT END, Figd I FORMTRINZ LS ICHTEBANELAEETTY
RN LD B, ED—FT. Figd.9 OB TRENBRBIC, BELVATE SV b=
T LOBEENEL. BB E LU R ko, TORIC, IV EEDORIGE (7]
fR) &, BOHFEEIC Y 3 RIGE (BR) ICHNTHB XV F—ER T2ANITENEE
2D, ZTORRE LT 39Pu BOHRICH T BHERTFE £ . = 0.654(£0.8%) &% D,
HEEE LTRICRERER o T,

Table 4.1: MVP calculated results of Correction factor

Foil Model PFC Model
ffoil—cell fofocell
C8 1.107 £+ 0.3% -
F5 0.985 £ 0.2% 0.980 % 0.4%
F8 ' - 1.038 £ 0.3%
F9 - 0.654 £ 0.8%

Reaction
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Depleted urjanium block

|
I‘ |
>  80.0 cm

XZ plane - (M8

Y

[ ] T16CH(65V) El Driver Safety/Control Rod

M sB SUS Center TI6CH(65V) Drawer
" (Foil Model or PFC Model )

Fig. 4.1: X-Y and X-Z cross-sectional view of the FCA XXII-1(65V) core modeled by MVP



JAERI-Research 2005-008

Mirror reflection
-z-
Fixed Side Cell

5.08 cm

Y ‘ Y.

SUS 0.0771cm f- - oo }: Gap 0.0558cm
-ﬂ‘-
Movable Side
Cell 5.08 cm
Z
X 1.y
Mirror reflection

Fig. 4.2: X-Z cross-sectional view of a drawer modeled by MVP corresponding to Fig.4.1.

Tally Region B

Tally Région Al
(EU foil)

Tally Region A2
(DU foil) -

Fig. 4.3: Three-dimensional configuration of the center T1I6CH(65V) drawers installed with
the EU and DU foils modeled in MVP
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U235 Fission (F5) Foil model
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Fig. 4.4: Energy breakdown of the 239U fission rates of the MVP foil model

U238 Capture (C8)  Foil model
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Error Scale of R (- )
004 - --- -
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1 - -l |- [ Il : L 00 *

1.0
0.8 -

0.6

x10™

0.4 -
0.2
0.0

10° 100 100 100 10t 10° 10° 10
Neutron Energy (eV)

Fig. 4.5: Energy breakdown of the 233U capture rates of the MVP foil model
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Tally Region D

Tatly Region C
(PFC)

Fig. 4.6: Three-dimensional configuration of the center T16CH(65V) drawers installed with
the parallel fission chamber modeled in MVP
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U235 Fission (F5) PFC model

Error Scale of R (- )
20 - aaas S i

Error Scale of Ry¢ (—)
- x Ix=x II:I:(IXI - T 0

xlO'4

10> 100 100 100 10° 10
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Fig. 4.7: Energy breakdown of the 23°U fission rates of the MVP PFC model

U238 Fission (F8) PFC model

1 | 1 i 1 [ ] ! 1 l

2 Error Scale of R (- )

Lal

b -+l
Error Scale of Ry (—)

4 ---- + 0

x10~

E - -1

1 I 1 1 1 I ] I
107 10" 10° 10" 10
Neutron Energy (eV)

Fig. 4.8: Energy breakdown of the 23U fission rates of the MVP PFC model
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Pu239 Fission (F9) PFC model
| L I ! L | | L 1 L

0 Error Scale of R ¢ (----)
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= zIzX Jﬂ% I-IIII-:IIIIZI = 0

4 L -1

x107

xlO4
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Fig. 4.9: Energy breakdown of the 23’9U fission rates of the MVP PFC model



JAERI-Research 2005-008

5 RISHREBROMNTITIE

AEBHR TR, BBV R COFETRIESIRAL 55T L5, BRiFER
fEkT 2 B INICBR S NicmsFET B L SRAC VAT LR WS ETIFERFZE O
. HIZ SRACHENFE LML) ICK B8R ZNhETNTo Tz, BEFEIFRO Ty /K
% Fig. 5.1-(a) 1T, EREFETFFEBMFEO T Oy J K% Fig. 5.1-(b) lIiRg & & diT, MY
TZOBEZELD B,

BEFRNT S (CXVF—T108D

BT —48 5475V —& JENDL-3.2 e &3 { @@ Al 70 B b JFS-3-J3.2R 2

Uk U, RSREIE 21T TR LARO T R MEROBREVEEICIE, HEEREIRE
E g LT BN T 3V ¥ — B REIC O VR E I — R (PEACO-X)12 2HwvT
70 BED )V SRR IER LTz Ny 77—, RSAN—, VYT F TSy MERD
YIVEHE & U TR EZEHREICED < 2VEE I— F SLAROM(f-table) ZFHW T, 1 RITHE
FERERETIVIC K DIEERREZR L 70 BEO©)V I EMETHEREZ R 7= 2L, HbrS
YTay JIEDVTREEET NV Tk Tz, AREHEY LTIk HiEENE 01— K CITATIONS)
% BT 3 I XYZ ARRIC TIT o oo SEEURBUCIZ Benoist OMas 14 12 & 2 B A5 MHLEUR
¥ (DX =D,,DY =D,;,,DZ = D;)) ZEM LT, TTT. DL kU D, BEZNERRY
o UTEERS . KRS TH 5,

PEACO-X I— Fid 0.41eV 5 183keV D XN F—HELEHEN AT XNV F—L LTR
IR BI% & DA (324,490 F) BETEBEHOHETFROERITS DT, 7 A MR+t
IVHOHIBHIEIC X 2 RIBHI R e BHE TERT 2T L AHKRDS, THITH LT, SLAROM
O— N TRERWEER. ERARERLRE. TRENEEL 552 5n2 BRETZ A
TRET 3 L S HBERIRZ ATV RA BOAEEEN D 2, 22 T, 7 X MERKO
PRRLVETEICK LT, _EEED PEACO-X O— Rl X 2 EXBHAER AW KGR E & I
f7LT. SLAROM T— KIC & 3 EAMFERR AW RISRRER T, ChBORERHE
T3 T & TRRIVEEICN S 2 FIEIR (PEACO-X IC X 2 FHIEHEEDRIR) I DN
= LTz,

B AETIF (SRAC) BT FiE (TRVF— 107 #D)

%7T—% 5475 Y —i3 JENDL-3.2 I &3 < SRAC fE#T A 107 B+ v + SRAC Public
Library 2 Uz 11, 52 MESOBME L VEFEICE LU T OAXBER Vst Ea— 1
PEACO —F > (LRI RIVF—961.12eV) ZHL. ZOMDEIUTH LTI f-table i & D
HIBEBRIRZZER L. 107 HO L)V PEEMEERZIER Uiz, BRFIE L U TRIEEGIE
JI— F CITATION ZHWVWT 3 RIEXYZ BFRE UTTRIVF— 10T BT TIT o7z, TTT. #
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BURE L U T3 B EPRRAT E L [RIRRIC Benoist DIEFRIC K 2 R AR EUREZEM L, F
DL TOREFRE BV FEMRENEABERIC & D FORLTORIGRER T

JENDL-3.2
JAERI Fast Set MCROSS
(Collision Probability) | SLAROM ] | PEACO-X I(Collision Probability)

A

- -
CITATION | (Diffusion Calculation)

S

Cell Averaged Reaction Rate
R=d 10

(a)

JENDL-3.2

MCROSS
S cs

(Collision ProbAbﬂity)L PU | | PEACO |(Coliision Probability)

SRAC Public Lib.

%

£

=

g
=]

107 groups et
1

| CITATION | (Diffusion Calculation)

Cell Averaged Reaction Rate
R=0 10

(b)

Fig. 5.1: Calculation flow of the JAERI Fast Reactor analysis method(a) and the SRAC(b)
code systems
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6 FENTS X7 LD
6.1 BERFRITRICH T SHMBNE

AR )V OEZNMTHEARR D LB

FIDIT, LIVEETOI VT —EBEOMREZHSMCT ST L 2HNE LT, SLAROM
I— FRU PEACO-X DRIVEIEI— REZAWTT R FMEROBEIVICET 52V %
SHTEREZRD. ZNEDIXNVF—TL—I XTIV DB ETo . SIGRED 238U BT
BRU 235U, 238y, 299pu B WTERBOLE R, ZhZh Fig.6.1~ Fig.6.4 D kB’ (a) 1T/
T FIC. PEACO-X I— FIZ BV TRARBE R ZHM XV F—HBETERL VBT L
5. SLAROM I— R DT, 183keV U FO LRI F—BBEOM O IFOHARE L Bxo
T3, Z0%. HI— FETELNEIMERICEUTOREZENRDNIER &Ko

o ET. B8V HERISHERICEI L TR, Fig6.1-(a) IERT &L 31T, $10eV EEDE—Y

¢ SLAROM # PEACO-X & DAEL ofe, 25U A HBERICE LTI, Fig6.2-(a) I
AT EHIT, $10eV LT SLAROM W PEACO-X K DEF/IHEL Ko TWBZ &Hnho
Foo ETz. Fig.6.3-(a) RU Fig.6.4-(a) BT, 28U KU 9%Pu BABNHEBICBIL T Z
NEZFNEBTOERNPHEE SN,

RV D RSB D ZER 5346 D LR

BRIV NIC B 5 RIGROZEMI R IETE I ERRZ BV T, SLAROM kU PEACO-X
O I— RIC BT 2EHMBIROERZT o /e 7 A MEEOBMFLNVIZHBNT, 1/16 7V
FORRY S VIR (NU) R 1/4 4 > FDHET S VBEEHIR (DUO) AL TWVWBDT,
YIVATIE B30 RU 50U EREZEESHNRELENLL TV, 22T, BUBBRIGKT
BWUKSHICEE LT, TNOOEMAHRHANZ. TT T, MI— e &3 wVEERITS
BT, BV (BT 240 F) ZRRERICH U THFIC 32E0 L. 1/16 AV FDETDRT
A ZROFEE 2 —ER L U, SERORIGEZRD T, FIZIE, TSIV T LRPRRAT TV
ROBIZ, LB 1/16 17 Y FOEZORIPEEIZNER2ZOEE 1 ERE LTH. 1/4
A VFDHIT T VBILIRICN L T ZOBRE 4 HBIL. 242 LT 32 8L TORIGR
SR RDT, ThBOFEITIE JENDL-3.2 ZH e, 28U BRIGRR T 235U %5
RIS MMM ORE Fig.6.5 ICRT. ZEL, Kb, RISROMOBERKLRIES
1L VBILYRDOHLVE & Uiz, BP0 BoHBOBMSHIE, Figs.s-(a) iRk Iic, &
EALTHETHBT L RHER LIz, TT T HEYS VBERICHRNTRRY S VEBO 35U
BAHBRD T PITEVEICE > TVB DI, 25U OEBIIERDOBENICHEL TED., %t
TS VEORRIG VBT B BY DEENETEVC LIERLTWS EZ BN, &
7o, BUZLHHRICE LU Tk PEACO-X XU SLAROM O EI— TR, KELRERR
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Ronknz ehnolz, ThiTH LT, 28U MERIGEE Fig6.5-(b) ILRT LS5k, 4L
U5 VLY THEROBRE N AR ko, TTT, MREI—FEKHBNT, 2PUK
REIROE D FVDBENICE D, BV HBRIGRICN T 3 EEWAMICIRELREZENR SN,
SLAROM IC X B3 E# RS PEACO-X ITHARTHIEY T VBRI TORBRIRZERICR
G ARERL Ko T,

LI ETiE. SLAROM KU PEACO-X &V o BB L SN XNV F—HBERZF 7 E
O— FCORNERBECDONTEREZTolc. RIZ, BRFL UTERIIVEF— - TV TAV
B a— K MVP ZAWVT. BREVICEBY 2 KIGRASHORERITo /. TT T, BERILD
BRICSESRHRN (FRYIVES]) 2R U CEHERTo T, SOFEL ARV Z 32
EXLTRV—EEEZEREL. REHORGRERD T, ZOKEER Fig.6.5 IR T, 2U K
DEER U 23U KGRI U CGEFEMEE PEACO-X I— FIC X 3FREIE TV T VaEt
BLBEEZOBEET-HI R T T

RO YT AT B VDR

PEACO-X R U SLAROM T1&5 N 7= EXWTH %2 FUv T CITATION I— Fic X 6%z
BEETO, FORDTORNVEEORETF IR MVOHEZfTo Tz, TT T 7R MEZHUN
D42V (Driver,NUB,SUS,SB,SCR) IZXf L Tid. SLAROM IC &k W18 b7 sBORAMHERE
ERO, TORE Fig6.6 Icmd, 2T T, TNTHDHFEFARY NI T X IVF—FEIC
HHE BRI LB & 5 ITHBIE LTz, B, #1006V 24T Tld SLAROM %' PEACO-X Ic bt
NN 2L 0. FRICR U AEHE O— REIC B0 2 EHBmROE D, A%
HETELNZPRTFARY ML OREEREEX BHRE Ko, CHUI. Fig6.1-(b)
IZZRTRRIC, PEACO-X IZHNT SLAROM AV 100eV DA T TO 238U R iR 2 @ KIC &
L TVAZ EICERLTVWSEEZ BNS,

AP DFEUDND R SR O HRe

FEMARIRICEET 2RBOER L LT, FLHLCBIZ2RGBOLEETo 2, LD
RIGRIZ_FEOEMMEEE PEFARY MVOBTEZB5NB, T T, PEACO-X kU
SLAROM Dfia— F TR LN B RIGBDFEHERDEBNICT OV TEREZT o Tz, BRIGRIT
WY BLFINVF—TL—I X% Fig.6.1~ Fig.6.4 DTE (b) Ic7RT > PEACO-X IZHBF 3
183keV DI ED TR IVF—FEEDHR VKW id SLAROM LA UAD T, #mEBEHOHHETF R
R7 PVICHT B BREDED U B2AKIGE. MEEI— FOEREZLI—HBL TV,

THCH LT, PURBBRIGER, BUKIHE, 9puZodRICHL TR, FELSEE
BEHICNTARENBL BB L bEI— FEICHHIERIC K 22BN R N, 720,
BRSRICH LT, ZOEMIEE2FER R oT, ET, BIUBKERICEHL T, RITRLE
RICEERES T PEACO-X IZEER T, SLAROM TELNZFHEFARY FIVHEL Ko T
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BT B, Bt eV LTIZEWVT SLAROM TE LN A5 HEN PEACO-X ITHNT/NE
B2 TWBIeHThB, ThickD, BU LKHIHE (F5) IZBEL T SLAROM/PEACO-
X DA 0972 275D, HFD PEACO-X DEBAREREL o7z, THIZH LT, 28U
FHERIGRICEEL TR, EXMEEDE 10eV [EDE—2 T SLAROM # PEACO-X & D
RELZDTVWBZEIKERLT,. ThB5DE—S T SLAROM I & 3 KR PEACO-X
ICHRTRIERELS B TR T N D, TORR. 258U £HEBRIGE (C8) ILB VT
SLAROM/PEACO-X DAY 1.023 Llx oz, BEIC. BPuMnBHRIE, FLXIVF—TR
#T SLAROM & PEACO-X DRJICZZENRSNSA. KGR (FI) ICBIL TREREDIE
BHEREN. SLAROM/PEACO-X DIFiZIE 1 £k oTz, ThHEDFERE Table.6.11CE
Ll

D EDEZENS . FHEIRICK D EFHEI— FICX 2 RIGEEBITICBOTERENRDNS
ERE Ko, TR, IV EEEMBTEROZRA, 5. SLAROM I— Fic &2 X VF—
70 BRI R TR EBZXVF—HE TOERMROWM O MDA+ TH B LICERL
TWdLEZBND,

6.2 SERFBIFTFELBPEFFRBTFEOLE

BRI HEBHARY MVBRSHNT &b, BEPEIFRER I— 1Y X5 L SRACH
ZROWTBERZITO., BEFERNTTRL L OB EIT /-, T T, LREOEMERNROZED
5. 7R MEBOBREVEHEICH UT SRAC ¥ A7 LW PEACO )V—F> 21 2 BT 107
FHENSZIMEERFE U, £z, T7A FMEEMSNDOVEEICH LTk SRAC-PLI ZH
WTRREDOEWEEZ AV, T SDORXMHEEZ AV THRRIERTo Tz, BRIGER
IS 2 ERIF Rk G FIFEITRIE D LB Z Fig.6.7~Fig.6.10 IC/RT, T T T, BREIHHE
T U THFEIC L BERE BB —BL TR 2005, £z, Figb.111IRT &
ST, FLPLOHFHEFARY MVOEREHEFE TE2EHEICEWTEL — R 3R L ko
feo Table 6.11C, Fa— FIcH1) 3 RISRKRURIGRLOFHEE%Z SRAC/PEACO-X D
LLTE LB, BT IFAENTFE SRAC(PEACO) & EffFiEHT 1% PEACO-X DEHE
I—FYRATLET. RISRHOFERIN 1% UANT-BL. EREERRZHONENT 2H

67\'9 TCO
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Table 6.1: Comparison among SLAROM, PEACO-X and SRAC(PEACO) calculations for

reaction rates and reaction rate ratios

SLAROM/PEACO-X SRAC(PEACO)/PEACO-X

C8 1.023 0.995
F5 0.972 1.005
F8 0.999 1.018
F9 0.993 0.998
C8/F5 1052 090
F8/F5 1.027 1.013
F9/F5 1.021 0.993




JAERI-Research 2005-008

Cell Averaged Effective Cross Section U238 Capture
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Fig. 6.1: Comparison of cell averaged effective cross section(a) and reaction rate(b) of 238U
capture between PEACO-X and SLAROM((f-table)
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Cell Averaged Effective Cross Section U235 Fission
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Fig. 6.2: Comparison of cell averaged effective cross section(a) and reaction rate(b) of 35U
fission between PEACO-X and SLAROM(f-table)
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Cell Averaged Effective Cross Section U238 Fission
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Fig. 6.3: Comparison of cell averaged effective cross section(a) and reaction rate(b) of 238U
fission between PEACO-X and SLAROM(f-table)
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Cell Averaged Effective Cross Section Pu239 Fission
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Fig. 6.4: Comparison of cell averaged effective cross section(a) and reaction rate(b) of 239Pu
fission between PEACO-X and SLAROM(f-table)
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Fig. 6.5: 235U fission rate (a) and 233U capture rate (b) distributions in the T16CH(65V)
cell calculated by MVP(Plate model), PEACO-X and SLAROM (f-table). These calculations

were done within cell calculation level.
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Fig. 6.6: Comparison of neutron spectrum between PEACO-X and SLAROM(f-table)
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Cell Averaged Reaction Rate U238 Capture
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Fig. 6.7: Comparison of cell averaged reaction rate of 233U capture between PEACO-X and
SRAC(PEACO)
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Fig. 6.8: Comparison of cell averaged reaction rate of 23°U fission between PEACO-X and
SRAC(PEACO)
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Cell Averaged Reaction Rate U238 Fission
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Fig. 6.9: Comparison of cell averaged reaction rate of 238U fission between PEACO-X and
SRAC(PEACO)
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Fig. 6.10: Comparison of cell averaged reaction rate of 239Py fission between PEACO-X and
SRAC(PEACO)
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Fig. 6.11: Comparison of neutron spectrum between PEACO-X and SRAC(PEACO)
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(a) RU-(b) IcE L BB, BED., WIVFHDORIGRHIZ, F8/F5 = 0.0201 +0.9%. F9/F5=
0.759 +1.2% KU C8/F5=0.0916 + 1.4% TH 3, ZhLDFERNME, XXII-1(65V) T
L C ORISR C8/F9=0.121 + 1.8% ERDB LN TES, i, ARPICRLEIC
03BV LOMERFZRE 3 L, FHETRONLEDEREERL, Thb
DEBHEZEDIHT DOV TIE, Table 7.2~7.4 ITRT, VT LHERDRGRLICET 2
ERERITOVWTE, MERFEHICBI ZEVTHIVOstETOREELER U THEHN
ICEEZE Y Ul ZORR. C8/F5. F8/F5 KU F9/F5ICx LT 1.5% MNTH - Tz,

7.2 RIE(E S SHEEOLE (C/E f8)

KEMEL FHEEDOHEE . IV FEDORGELD C/EfELE & BI Table7.5 <R, PEACO-
X Iz &k BEIERER & EREDH: (C/B) 1. F9/F5 RU FS/F5ICBL TENZN 1.02 XU 1.03
&h, HEENEREZE TERTMT 2R kol £/, C8/F5ICBIL T C/EfHI
1.06 &0, FEENEREZERTHUET 2FEREKol. TNODERNS. HREHEETH
% C8/FOICEL T, HIEBEEN (20) TlRH 3 & DO EMIERERE TERFHUET BT &
ZHER UTze TTT. C8/FID C/EfEE LT 1.03 L RE M, TD C/EBEOEHDEIC,
SF D C8/F5 RUSRD FY/F5 1B L CRIEMPERERZEEIRRZ LDDZNETNLE
KEHEL, TRADFTINLO—EMPHBUIAERICKZEDTHB, %7z, SRAC(PEACO)
IC K BEEFTHRERICEEL €. C/E fHld PEACO-X L CHEAZRIRER L ko T

ZHICH LT, SLAROM X BFEMRRE. WINORGHRLITH U TERERZAE BX
Mg BRER Lm0 Tco FHIT C8/F512BIL T SLAROM R RBRfEZ 10% LA LERFHUES B#E
Relxofz. THUI. SLAROM ICHIF 282 )VA TOIEEERDOE D HOAFRD THNT
LITERL T3,
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Table 7.1: Results of cell averaging on reaction rates
(a) Foil Expt.

Reaction rate*! Cell factor Reaction rate*!

Reacti
eaction Raw data (Foil) ffoil—cell Cell averaged*™

Cs8 4.24x1071641.0% 1.107 + 0.3% 4.69x10716+0.8%
F5 5.20x10"1°+0.8% 0.985 + 0.2% 5.12x10~1%+1.1%

C8/F5 0.0815 +1.3% 1.123 + 0.4% 0.0916 +1.4%

(b) PFC Expt.

Reaction rate*? Cell factor Reaction rate*?

Reacti i
eaction Raw data (PFC) Fofemseell Cell averaged*3

F5 5.01x10"16+0.6% 0.980 + 0.4% 4.91x10~16+0.7%
F8 9.52x10"18+0.5% 1.038 + 0.3% 9.89x10718+0.6%
F9 5.70x10"64+0.5% 0.654 + 0.8% 3.73x10716+1.0%

F8/F5 0.0190 + 0.8% 1.059 + 0.5% 0.0201 + 0.9%
F9/F5 1.138 + 0.8% 0.667 + 0.9% 0.759 + 1.2%

*1Reaction rate per atom at the power level of 20W

*2Reaction rate per atom at the power level of 2W
*3Raw data of reaction rate multiplied by cell factor



JAERI-Research 2005-008

Table 7.2: Breakdown of errors of 238U capture rate measurement

Am-Np Source Intensity 0.30%
Counting Statistics 0.20%
Partial Error 0.36%
DU Foil Weight 0.20%
Counting Statistics 0.31%
Monitor Counting Statistics 0.01%
Partial Error 0.37%
Decay Correction 0.77%
Self Atten. Corr. 0.38%
Total Error* 1.04%

*Root of sum of the squared individual components

Table 7.3: Breakdown of errors of 239U fission rate measurement

U-235 PFC Deposit Weight 0.50%
~ Counting Statistics 0.40%
Monitor Counting Statistics 0.21%
Partial Error 0.68%
EU Foil installed PFC Weight 0.20%
Counting Statistics 0.11%
Monitor Counting Statistics 0.01%
Partial Error 0.23%
EU Foil Weight 0.20%
Counting Statistics 0.19%
Monitor Counting Statistics 0.01%
Partial Error 0.28%
Total Error*

*Root of sum of the squared individual components

0.77%
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Table 7.4: Breakdown of errors of parallel fission rate measurement

U-235 PFC  Deposit Weight 0.50%
Counting Statistics 0.40%
Monitor Counting Statistics 0.21%
Total Error 0.68%
U-238 PFC  Deposit Weight 0.50%
Counting Statistics 0.43%
Monitor Counting Statistics 0.07%
Total Error 0.66%
Pu-239 PFC Deposit Weight 0.50%
Counting Statistics 0.42%
Monitor Counting Statistics 0.15%
Total Error 0.67%

Table 7.5: Measured and calculated reaction rate ratios at FCA

. Calec.
Reaction EXpt. STAROM PEACOX SRAG(PEACO)

(C/E)  (O/R) (/)

TC8/F5 00916 £14% _ 0.1017 __ 0.0967 0.0957
(L111)  (1.057) (1.046 )

F8/F5 00201 £09% 00214 0.0208 0.0210
| (1.061) (1.033) (1.043 )

F9/F5 0759 £1.2%  0.792 0.775 0.770
(1.043)  (1.021) (1.014)

C8/F9 0121 £1.6% 0128 0.125 0.124
(1.065)  (1.034) (1.031)
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72721 JRDNERD T16CH(65V) WV W 2 wVEHEICH LT, HIBERI R 2 E B U@
HEEVEIE O — F PEACO-X ZAV. IV HEERIMEREZRD 2. PEACO-X IT X 2/
ERE LT, HEEREEREDH (C/E) &, FI/F5 XU F8/F5ICBLTZENEN 1.02 K
U 1.03 &b, FEEPEREZETERFMEY 28R Lol ik, C8/F5ICBLTC/E
B 1.06 27D, FEMEVERERZERIMET 2R Ko7, TNOOHEEN S, HEHEE

AED C8/F9 D C/E fEGFERMIC 1.03 Lo T

F7e, BPETIFA SRAC I— FEAVT, AR 2T iR, BRiFEvLaE
O—FEAW: EOBREOBICEERLKEZRIR oW L 2R LT,

SHBOFEL LT, SHEMUEYE (65%) R FFNCHART, BILE. BERMRE
KRB E—EL LRET AR MIVBRRSDVE 27D (45% R~ FR) KT, $cHEFR
R MIVHBEWVE 3D (95% RA FR) IZHBWT, HIEEEOHE R G 2T, Budi
RA RROEH C8/F9 I RIFTHERIALMITT B,
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YLV F—  (keV) | 1061 209.8 277.6
v REERIRE  (cm?/g) | 1.732 1.228 0.698
H e RINFHER 7 0.802 0.853 0.913

N#B BRIORICBIBFERDO—E
e U TRRIEREEHORICAXHTEBUIIRERDY 2 b2 TORIE LD,

RIiGE  JERE MEOER FAIEME
C8 WL YRECHRIN  fatten 0.913
I IRR  fedge 1.006
B ik fshieta  1.000
YV froocen 1.107 & 0.3%
F5 et VPR freimean 0.985 £ 0.2%

F5  BEOZEHEE SRE - 1.002
IVEE b Spfe—cen 0.980 = 0.4%
F8 BOZHEHEE ZIAHE - 1.008
TIVFEL  fpreween  1.038 £ 0.3%
F9 BOEEEE J[RHVE - 1.007

BNV fpemcan  0.654 %+ 0.8%



JAERI-Research 2005-008

8 C RIGHEL C8/F5ICx 9 % IV HILFHIEIC DV TORIE

AXHTEBRNARIT, I X BHE TE LN B EERE 08/F5 IZME- VN OEEEMBIC
B KET B, FT T AHRICENWT, T DEDERED S VIV EELE NI RISREER
T BBEIC DN TDERR T, UFICRT 2 DDFEET ), (1) BETIVRT (2) 1R
WREFVICEY, COMERFREH U, :

(1) BETIV

FEHEETIV TR, MVP Z AW THEDOHIENE TORIGEN 5 IV D RIGER
ERETAHWERTEEH Uiz, ZOFEMEE4BIBOTURLED,. BEZORE
23T, MVPIZ K D BAFICK UTEBIRT, BAmCH U TREEGZRLET
WELTAARR T, FOHFLORIGEZ T LTz, BORIGEDREDERIT, FLAHG
DIRFIVNDBILT T VBRI B TRV E L AR & U — Bz RE
Ulzo TOREE% Fig.d.31CRT, TDXY—FEEK (A1 KU A2) DRIGRLIFLF
DDEG VD RIGRD D SFERTFZEH Ui,

FEEDOMVPICX BREORIC. MERBEDRKBOBSN . BA I U THBAERSRMA
2RI LT, ERRICHNTNEWVEL (Fig4.l) 2o, bbb 5T, ZOMEEH
EORBEICHANTHERRE LTREVD T, FLHLTOMERFEEE 1%(10) AT THRE
TRR/IC, BMTHEANY—2REL Uik, T T, RTRTRERNFEICK 0 LS
DFHERFEEHL 2.

(2) RRETIV

REEET VTR, FOPLOEMBE VB 322N ER ISR 22 Vet
BLANVTREL., YV EEEHERTFRZEH Uz, ZOFEIRE 6 BITBWTRL
Te i, BRIV E Fig6.5 IR & 512 32 F2E L T, REEORIGRERDT,
CORIEDTZ VT, WV FEDORIGEADHERFZ (C.1) Ic & b FHEL 7z,

_ 2V
f plate—cell = Ez nz‘/z / Rq)late (Cl)

T T T\ Rpigte 13 Fig.6.5 FDHILT S VBN D 4 FBHDON. BEAHD 2 FBHD
RREDOP 2 FBE LT, Rypare DEORIEREZ LV LRE LT, R (C.1) HD 1y
B2 i BRICBIBIREETHD, V;, KU n; 3F i BROBBRTZOERICEE
N2 EEREORETHTHS, T, fHEI—RFL L TE. SLAROM. PEACO-X
KU MVP (R VES)) ZH Wz, ThEOERETERICRT,



JAERI-Research 2005-008

BEET BRET IV (R )VES) BETIV
SLAROM PEACO-X MVP MVP
B | 0983 0.982 0.98240.5% | 0.985:0.2%
1< 1.203 1.103 1.10140.6% | 1.107+0.3%

BY BRAHBO)V M LHERFICE L Tk, F&Ea— F (SLAROM. PEACO-X.
MVP) BT 2HRRETIVASBONIMERTFRBEL — B LUIERE Kol — /. 28U
EBRIGRICH T 5V FEEFHEICEE LT, SLAROM IC X 2FTERMREMN. M 2 DOFE
(PEACO-X. MVP) IZHARTRE Ko7z, T, RITRUZL ST, SLAROM FHEICH
VTR, FTHEY S VBEMIR TOHRB T3V F—EE TORBRZRODRSMICE IO
TVWAERWERTHZ LEZBNS,

Fie, BUBHHRRT 285U BEBRISRICHO T, FIRET IV (PEACO-X. MVP) k¥
ETFNVIEXBHMERFOMRIEEL —BUAER L Lo Tze U EDERN S, BRIEIIHNTS
IV EEEEER TR, BRI L ZRIRETVICBWTR C.1 TEZ SNAHERTF TR
IKEZBNBT Do, TORERIVEELNVTOMERTFOEMIE. FHEIX MK
DEM L LENEFETHZLEZLNS,



This is a blank page.




EIER AR (SI) & AR

F1 SIEAHAL X URBHEAL £2 SIEHAINZHA #£5 SI#EEEE
2 % ® 7 5 % W i 5 . 55 WIRE | &2 5
o L %, ¥, B|min, b d 0w =24 E
7 Bl l¥o0s 5 kg B, 4, B °, ", 0]~ ¥ P
BB 4 s ) o b oL L 0% 5 3| T
1 wl7 v =7 A N vt 10° | & H G
«g‘!ﬁ»%‘lusn‘g | Z K BIEERN b eV 10°¢ A bal M
¥ g 2| v mol . EFEERL | u 10° L o k
S Elan v F 35 cd 02| ~ 7 b h
F @ B|5 U7 v | rad 1eV=1.60218 101*J 00|57 #| da
vk B{2TIITY | e 1u=1.66084x 10" kg | F v d
10| € v F c
1070 | 3 U] m
®3 EBOLHE b SIHLEL 0o | w420 4
&4 SIEHICEEMIC o
. A 10 + / n
g % w |us|WOYEL MRS 05 WA O A I
5 b3 M~ v v|H| & % W w5 e f
j; Za-btv| N | mkg/s vy bo—o A el 7z ot a
E H, K& Al 2 A nv| Pa| Nm? o - v b
TIVE HE BB |V 2 — | J | Nm s —  a| bar ()
IR, ma&ER(7 » b W[ s 5 v Gal 1 #1—5 TERRIR] B5K B8
BEXE, EfM|7 — v v C A-s ¥ a2 ) - Ci EEBHR 1985FFiTic L 5, 727201, 1eV
&h, BE, EBH |K o | V| WA [P N R BIU 1 udfiEia CODATA D 1986 42
% ® KX B|7 - 5 F| F | vV 5 g rad -
g K B #|l+ - | Q| VA v 4|  rem , »
sy s s svalv—nxval s AV 2. R4CIZBE, /o, T-w, ~25
iid |y = — | Wb | Vs 1A=0.1nm=10""m —HEENTVEHEFEOBEDOTE
woR ® E\7 27 ;FI zvvb;f 1 b=100 fm?=10"%* m? cTREmRL T, )
4 v '5' 7 57:/ PN / ) - I b 1 bar=0.1MPa=10°Pa 3. barid, JISTHREOENE=EDLTH
EN VO ARE LI AR C 1 Gal=1cm/s?=10"2m/s* BB E2DHF Y —IKHBEIOTH
X Wiwv — % v| Im | ed-sr al=1cm/s*=10""m/s %
] 2 1Ci=3.7x10'°Bq °
" Bwv 7 Ak | lm/m " . 4 ECHBEBELIEATI bar, barnbk
% gt |~ 2 v | Bq g! 1 R=2.58x10"*C/kg R . _ .
) N U [MEDOHRL | mmHg 2% 20453
% W % #|/is v 4| Gy | J/ke Irad=1cGy=10"Gy CkARTOS
B OB Y B|v-~Nwi| S Jd/kg lrem=1cSyv=10"28v °
# - %
71| N(=10°dyn) kef Ibf FE | MPaf=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 . 0.967841 735.559 14.2233
4.44822 0.453592 1 : 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N.s/m®)=10P(#7 X) (g/(cms)) 1.33322 x 107* | 1.35951 x 10~* | 1.31579 x 10~° 1 1.93368 x 1072
FFEE 1m¥/s=10'St(X b — 2 ) (cm?/s) 6.89476 x 107% | 7.03070 x 107% | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgf*m kW h cal GIBH) Btu ft + Ibf eV 1 cal = 4.18605 J (FH&#:)
x
Q_’» 1 0.101972 | 277778 x 1077 |  0.238889 | 9.47813x10* 0.737562 | 6.24150 x 10® = 41847 (#dkE)
1| 9.80665 1 2.72407 x 107 2.34270 9.29487 % 107 7.23301 6.12082x 10' =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 107 =4.1868 J (BBESE)
. 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 107 3.08747 261272x 10" fE® | pS (AEH)
B 1055.06 107.586 2.93072x107* | 252.042 1 778.172 6.58515 x.10?! =75 kef-m/s
1.35582 0.138255 | 3.76616x 107 |  0.323890 | 1.28506 x 10°° 1 8.46233x 10 = 735.499 W
1.60218 x 107" | 1.63377 x 10| 4.45050 x 1072| 3.82743 x 10" | 1.51857 x 10722 1.18171 x 10~ 1
i Bq Ci %Zi Gy rad ;{; Cl/kg R f(g Sv rem
5t 1 2.70270 x 10! & 1 100 & 1 3876 Y 1 100
gt B = =
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1

(86 £ 12 A 26 BELE)
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