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Development of the Object—oriented Ana[ysis Code for the Estimation of Material
' Balance in Pyrochemical Reprocessing Process (II)
—Modification of the Code for the Analysis of Holdup of Nuclear Materials in the
Process—

Nobuo Okamura*, Hiroshi Tanaka*
Abstract

Pyrochemical reprocessing is thought to be promising process for FBR fuel
cycle mainly from the economical viewpoint. However, the material behavior in
the process is not clarified enough because of the lack of experimental data. The
authors have been developed the object-oriented analysis code for the estimation
-of material balance in the process, which has the flexible applicability for the
change of process flow sheet. , |

The objective of this study is to modify the code so as to analyze the holdup of
nuclear materials in the pyrochemical process from the viewpoint of safeguard,
 because of the possibility of larger amount of the holdup in the process compared
with aqueous process. As a result of the modification, the relationship between
the production of nuclear materials and its holdup in the process can be evaluated
by the code.

* O-arai Engineering Center System Engineering Technology Division
Reprocessing System Engineering Group
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EMEABA SN RE2EEE LT, U0, DA% BENSER S
BTEMERREEIC X D EIXT 5.
[holdup EHIERIEDOHEADME. BEBRELETONFY T D7
DOEDEB~DFE.
@BMER TR
EZEHAZKREADIEICLD., AFERLERICEEL TWS U0,
PEOMOTREZFEREPICEREEI TS,
[holdup ERIEFEDOABEADME. HAVGAEADfE., BIEREI
K0, BRINEN-ERE.
ONMBREERTE
EBMEBEMREZIC U, Pu OEINZERT S EEDEITETNTTH
NM(Noble Metal) DiE ADSBET SNxWed, EERTEFHL T NM
ERRAICEBE T SO RS .
[holdup EE]EFEDNEADME. BHEREBSEONS RY T D7
HOFLEBNOME,
GMOX EFETRE
EEHADICBRESZZETTREAD 20D, Pu* QBB THEME
L TW3 Pu % PuO MBI E L2t S, EEREREIC UOQ,. PuO, & HEF
WHHEES, BoNEAEMIIMOX & EZS,
[holdup EFEIEMIEONEBEANDME. HAVOAEADOME. BEFREHES
ZONY R 2 H OO EREBAOHE. BREH A
L BB ENETLT, BERGZNAESTICPu0, &7
- oIt
OBV ERIE
BRERICRELTWS U, Pu. MA(Mmor Actmozds)’&lﬁlﬂ'ﬂ—%’o e
HIRE B TEAE S NS,
[holdup BEEIEMEDONEADMNE. BEBEPZONS R T Dk
| DOFLEBENDME.
@V VERBRTE
fﬂ%tﬂbﬂAwU/@Na&U/@Cs%&%?%;ak$0 b

BUEFICEE L TWA FP 2Y VEBREOEERME L TENT 5. Y&

ﬁ@ﬁlti%ﬁﬁ%@%ﬁﬁ%%ﬁﬁ&bfﬁf?éZ&fﬂ%ﬁﬁ
MAELABBEOEREEICEERZRITT Cs DEBEZLEREBICHER
T 5,

[holdup EFEIEMRME DHEADAE, *Eﬂlc‘:f&%ﬂ?ﬁ%%o-_ :
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. ONM SRS TR
NM KRB/ T2 TEIN S N BRATHYTIIE NM DS U0, 2%
ALTWBED, KA THEDEEEZFIA L THEEL. U0, ZENT

Do

[holdup EE]ZEECEHEENDOME. BERIROFTHYOILE.

MOX Effte. MAMEREZUY1 7 an s KRE FP ORREDM
BIn5 20 Ny FREIRVERTIEELY VRILRIEN SER SN DER
EREBARARLNS. |
WHREHET 2 L TAWEIRICBI 25 KREELUTICRYT. HKkE
DER. ZENMEQICERINTNDRETANG ARESEICREL

7o
£ 4.1(1/72) EITEOSEEECYERZEY]
—% | 2A 54 MK NV LR FREHLE BN TR
Iz e | me | s | mees | 0 | PR DB TR T
U 100.0 99.0 1.0 89.9 10.1 70.0 30.0] 1000 0.0
Np 100.0 99.0 1.0 91.3 8.7 70.0 300 1000 0.0
Pu 100.0 99.0 1.0 91.3 8.7 0.5 99.5| 1000 0.0
Am 100.0 99.0 1.0 91.3 8.7 0.1 99.9| 1000 0.0
Co 100.0 99.0 1.0 91.3 8.7 00{ 1000 1000 0.0
ALE 100.0 99.0 1.0 100.0 0.0 00| 1000| 1000 0.0
RE 100.0 99.0 1.0 1000 0.0 0.1 99.9 | 1000 0.0
NM 100.0 99.0 1.0{ 1000 0.0 10.0 90.0 | 100.0 0.0
fHiFP 100.0 99.0 1.0{ 100.0 0.0 00} 1000| 1000 0.0
= 4.1(2/2) HEIBROHIHEEECHER Y]
WREEHTE | M EETH BmOERIE U R TR N Beig s RETE
TR | ER | 0mE | N | AEE | REE | LEE | Uok pom | DEE | NiRE | N
Fridy | il | b | mEl | ey | mes | mam BRME | T | BESEM
U 202| 798| 905| 95{1000| 00| - - - 99.0 1.0
Np 333| 6671000 o0 - - - - - | 1000| 00
Py 05| 995| 905| 95| 1000} 00| - - - 11000 00
Am 01| 999| 01| 99.9] . 986 14| 1000 00| 00| 1000| 00
Cn 00| 1000| 00| 1000| 955} 45| 1000 00| OO - -
ALE 00| 1000| 00| 1000| 00} 1000| 00| 375| 625} 100.0| 0.0
RE 01| 999 01| 999| 101} 899| 998| 00| 03;1000| 00
M 950| 50(1000| 00| - - - - - 53| 94.7}
fBFP 00| 1000| 00| 1000| 00} 1000|1000 00} 00| - - |

F)ALE:Alkali Metals. RE:Rare Earth.
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BRIBTERASNSBEEOERIX. SAKRED 10 £0 2500kg & I,ytn
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ATHEEFERE b=1 & Lz, FEIL, HalERsNREREXND 20N
wFETITo 7%, |

423 HEHRE

QUIA Z IV EBEEIE ORI T2 EEEZSEEIS a OFE
holdup 272 NEE T (@=0%)ICBIT ANy FRTROBBEMRELZ
B 4.31TmRT,
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HRuyFH
B4-3 SoFRTROBRIEAR

BOEBIRBUATIRFBRERN I NS Z &0 MA . /Ny FERICH
WLTA R M) —REMLTW3, NM BERFBRECLOBRESN
HRFOMO FP ERERICEEI N TV 2D, 19Ny FHIZIZ FP
DFA >R MU—13 238kg &735. U, PuiZDWTIHE 1 /Ny FOEIX
BPR100% TEBNZEMNSINYFEHETHEHA ORI M —BEINT 5
. FNLETIIEERE LS,

TV ERERES a DEE 0%, 1%, 10%EEBHIET, U120
NBEBEF O AN M= 725 U, PullDWTHEL .

——U(0%) —=—-Pu(0%) ——U(1%) ~—=—Pu(1%)
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E4-4 HNyFETEOBRIEPROU, PufiayM)-
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TEFEERE a DENPKEWVWEZE, BERUEF ORI EEIRE, A5,
holdup DEENZLRDIETICEVEMEZETSZENDNS, a=1%
Tld holdup 72N —X EFRRIC 3Ny FEHTEEHELZD, a=10%T
13 12 /N F B £ T holdup DEZEBRRATNS,
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QTEDIERF & holdup @%@@E@% '
EHFEREIS a N 1% TH D L ZOFAKFERLREICSITS holdup O
FEIELER 4.5 ITRT .
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'E2.5 T+
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15 4
< 1.0 Fi
0.5 i :Efi:ﬂ_'gh==l=|—ﬁ_
0.0 A e e e e elmlcnme el
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1V FH
H4-5 FIEFEETIEOholdupD ik

K84 TRIBOZARBIZ—ETHEMN, ZORBEETE TIXENO
REBLIE TS holdup MEAETEHIZENENYFEELZITZTAEBNE
L TnakD, BUEOHFEEFERE b 2ZHWTHEEHREICRE
THETRETABMNELZoTNVS, ZOTEM5 holdup KL 28
213, LROTEMNSBRRSBoTW I &g h3,

a=0%& a=10%D 2 r— Al DOWT, FIRFERIEE MOXERIET
B3NS UBROEEDORE 2T 7=,

| FERERETE = MOXERIE]

gl hiaian e sy Jcrelie el —

1,00
P sl

5 095 o
& 0.80 Vi

b

o 085

& 0.80

015 H
0.70

1 3 5 7 9 11 138 15 17 19
RoyF8
B4-6 UENIRED H(a=10%/2=0%)
(YERIZa=0%D 7 —RA D19 3y F B D4 A -THHREE)

MIEORTLRICHZFEAKRERIEDOHEA U OEIRENEFFR TFE
EIRBICHEET 5. LML, holdup OEENRKRDVENENRLET 5
DiE, MIREBNY FRTRHOBRIEERPFERECZS 12 Ny TF
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PBETHD, ZHIBHEAD holdup DEEIZL, £TENOD holdup &V
HA 7 NVERETICEET3 U DA AR M —IGERL TWBE2DT
H5, BFIEROTEOEIBNESBRINED, BERKDODWTRI
BIEFZERZR LN,
@ TEED holdup ETDEER :
£TETa=10%& bt&%@%lﬁk:bb‘% holdup % 4.4 IZ/RT .

%44 TEINO holdup(ﬁitqﬁ%ﬁ@ﬂi)[kg]

TR U Pu Np | Am | Cm
ks TR 1985+01 | 2.276+00 | 9.526-03 | 7.05E~02 | 2.29E-02
NIRRT E 283E-01 | 3.26E-02 | 1.37E-04 | 1.01E-03 | 3.28E-04
FNEHEITRE 286E+01 | 341E+00 | 1.36E-02 | 2.90E-01 | 9.48E-02
EINEEITE B.24E+00 | 2.30E+00 | 3.98E-03 | 2.86E-01 | 9.36E-02
NEEEEHRETE B12E+00 | 3.21E+00 | 3.876-03 | 2.83E-01 | 9.26E-02
MOXEMTE 5.31E+00 | 3.12E+00 | 251E-03 | 2.79e-01 | 9.15E-02
BOEEIR 1.156-03 | 5.88E-04 | O.00E+00 | 321E-03 | 1.07E-03
U ERIGICEE TS | 000E+00 | 0.00E+00 | OODE0D | 449E-05 | 4.82E-05
NM4o B 5 156E+00 | 153E-02 | 1.22E-03 { 2.76E-04 | D.00E+0D
S RS E 1.05E+D7 | 1.81E-02 | 9.28E-03 | 4.39E-04 | 5.00E-05
5 NME&E /R | 1.60E+00 | 1.58E-02 | 1.25E-03 | 2.99E-04 | 6.43E-08
i) MOXE# 5.56E+00 | 2.75E+00 | 2.24E-03 | 3.56E-04 | 2.62E-05
X 0 ERE 1.156~03 | 5.88E-04 | 000E+00 | 3.16E-03 | 1.02E-03

5 TR EDAFESRIED holdup 75 BBREL > TS, TDR
Fit. STANEZLENEUN Yy FRTENENRWITHER. EEICE
BANTW 2, ZARBEITEZROBEOIHBEBTIREIVDEAET
HAHVYA I NVEREBECFNEZRATIRARERIREUEOLNN, IE
T >R Y —, BB, MRENRES 2SO THD. RERITE 1
Ny FETI UK 2.27%. Puld 9.40%0N8RIEPICEET S, UKD
& EUNERAEY Pu REREREHOLZWERT T 7 VA~19 Ny PIITB
WTHRERRINS Z &7 Am, Cm id. MOX ERTELD bR
BETEOholdup P23, £, COENREDEL, H44ITRS
NEES5BPuEUDAL IR N —BLOHERFIZETT,

STRICBRVNT a=10%ELEEE. BHELR. FREMFTLRE. MOX
EMITBIIH LU TENTNEBIC a=0% ERE LT — R 4~6 IZDNWT,
Ny FRTEORBEEREZM 4.7 ITR7.
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B F O MA ORIRZER 4.9 IR,
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431 FOEREE |
SEEEEDTOEATO—F1 775 L%ER4.10 ITRT,
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D ppETE QLT @ T8
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ELROHA L, holdup ERELEZZSNBFERICDNVTIENS,

ORFEHBELE
MREE > % B - WL TRCIELE A L . U0,~U,0, RIRITHE
SHEPRICL VMBI 2T THREBEE LSBT 5.
[holdup ZEHINNIV I THEMEERMOBZE D vdd. HEBHNESEADME.

OERIEHEILRE
BRAAEZREADZ EICED, EFERASNZBREREKEEEE
REXE 5.
[holdup EEIEMENEADARE, HAVAEADME, BES )
- TR, '
@Cd fHANM TE

NM BB ENRTNOT, U RREBOBAZBE <O TFORELTH
SHERD B, HIBIIANLEE Cd EBRMESBHIEs &Ik,
ML TW5S NM Ok & Bt s 3, -
[holdup BRI EMIENEBEADAE. K Cd AHIBEEDZON K1)
ST DD DEVEBADHE.

@U BETE |
RIBEODO U, PuRBEERZTS 72D P 2B T5HENH
50T, FTETEHEREBZHAWTTORZ R U Z2EHNT 5. 8k
ERELIZERD. Fz/z@;’c ﬁﬁﬂ%’ﬂif; 75774 FAAOEREFER
T 5, '
Eholdup E]ﬁﬁ@lfﬂ%\@ﬁ% B, EARERZONS R Y

: DID DEALEE O,

: @U—Pu ERETE
WWCdﬁmémmé &Y, PuDERBNEZS 7SR TU &
ERIZEIEIT D o
[holdup ERNBMENENOAE. B, BHAEHBER>SZONR

V2 TD7DENEBADHE,

- ®TRU EXLE -

NAOILF I I EHWTEBEZEE Cd &:rﬁﬁ%ﬁﬂaé’df RN

"Cd RIZ U, Pus MA 28T 5, B & U TiE Cd Iz

Li 2EMEE5s, |

[holdup Z2EINA Q%7 ¥, BEENENDHNE.

-24-



JNC TN9400 2001-059

@Pb FefER TE
BREICREL TWa FP OBERIC L DV AREOFEARERRES N
Bz, IR THEMED—HEEMRL TS, RE ZRETHIEITE
STHEABEZERLEE, EEFEYORERENHTS.
[holdup EE1Ph [AAGEM A AR LAE A HBRNEN O, 5.
R IR E P DON R ./ﬁ D7D DEABDEEN

EENEILEE. U-Pu BRERICE

D

BT I ENDBN,

10 /Nw FHEIZ

B FP ORMEOHENS TRUBNIREE PhEEEETIEICKL>TE

RENDERIEREERNESEND,

DEHABRHIC L ZBEEEZBALHAT. FREREREINS,

YRz s BT 5 ETRWE,

*EL/T\. CS ‘\_;6%% ﬁ*%@%

BETRICBI 2 HEREZUTIORT . 4K

EOEIL. BEXBRQIKERINTNEEHTANSG P ARESHEITHE
Uiz, 28, BHRILEBEILEVERINDILODKRRERNSEIEL .

= 45(1/2) EIBOSEBEERERERERNMU

_ = ABE T Cd 3t (N T2 UERLE
TR ! mewE | romsn | weses fggg gﬁjﬁ ggﬁﬁ
U 100.0 99.5 05 00 100.0 845 15.5
Np 100.0 99.5 | 0.5 0.0 100.0 0.0 100.0
Pu 100.0 99.5 0.5 0.0 100.0¢ 0.0 100.0
Am 100.0 99.5 0.5 0.0 100.0 0.0 100.0
Cn 100.0 99.5 0.5 0.0 100.0 0.0 100.0
RE 100.0 99.5 0.5 0.0 100.0 0.0 100.0
r 100.0 99.5 0.5 89.8 10.2 100.0 0.0
fit, OFP 100.0 99.5 0.5 86.1| 339 0.4 99.6
% 4 5(2/2) ETRBROSIEEEEEREIN]
~ U-Pu BELE " TRU ER TR Ph BB TR
U 90.0 10.0 806 | 194 . 1000 0.0
Np 90.0 100 97.0 3.0 100.0 0.0
Pu 90.0 10.0 97.0 3.0 100.0 ool
Am 90.0 10.0 97.0 3.0 100.0 0.0
Cm 90.0 10.0 97.0 30 100.0 0.0
RE 10.0 90.0 11.1 88.9 100.0. 0.0
ir - - - - - -
1 DFP 0.0 100.0 | 0.0 100.0 35.5 64.5
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