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A joint project team of the Japan Atomic Energy Agency and the Japan Atomic Power Company (as the
representative of the electric utilities) started the feasibility study on commercialized fast reactor cycle
systems (F/S) in July 1999 in cooperation with the Central Research Institute of Electric Power Industry
and manufacturers. On the major premise of safety assurance, F/S aims to present an appropriate picture of
commercialization of fast reactor (FR) cycle system which has economic competitiveness with light water
reactor cycle systems and other electricity baseload systems, and to establish FR cycle fechnologies for the
future major energy supply.

In the phase-1 study of F/S from Japanese fiscal year (JFY) 1999 to 2000, representative FR cycle
concepts were screened out. With regard to fuel cycle systems, fuel reprocessing methods such as advanced
aqueous, oxide electrowinning and metal electrorefining, and fuel fabrication methods such as simplified
pelletizing, sphere-packing, vibro-packing, metal casting and coated particle were selected.

In the phase-II study (JFY 2001-2005), the design study of several fuel cycle systems combined a
reprocessing methods with a fuel fabrication ones, and the development of significant technologies
necessary for the feasibility evaluation have been performed to clarify the promising candidate concepts

suited for maximizing the FR ability. Further, kéy technical issues for the commercialization of fuel cycle
systems are clarified and their R&D plans until around 2015 are made. The summary of results are as
follows;

For oxide fuels, the combination system of advanced aqueous reprocessing and simplified pelletizing
fuel fabrication will be able to satisfy all design requirements of F/S especially for economy by a relatively
large-scale plant. The former system consists of the following three steps : (1) an uranium (U)
crystallization to adjust the plutonium (Pu) concentration by sepqration the certail protion of U, (2) a -
simplified solvent co-extraction of U, Pu and neptunium (Np), and (3) an extraction chromatography to
recover minor actinides (MAs) from the raffinate, while the latter system minimizes the conventional
powder mixing steps. And it has also abundant results and a high technical feasibility for the basic process.
Though this system faces difficulties in the technical development of control technology of the
crystallization and extraction chromatography and the fabrication technology of low decontamination TRU

This report includes the outcome of collaborative study between JAEA and JAPC (that is the representative of 9
electric utilities, Electric Power Development Company and JAPC) in accordance with “the agreement about the
development of a commercial fast breeder reactor cycle system”

This report includes the outcome of collaborative study between JAEA and Central Research Institute of Electric

Power Industry (CRIEPI) in accordance with “the agreement of collaboration about the research and development
of atomic energy” and the technical information offered by CRIEPL
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fuel, etc., its practical use is expected to be possible at an early stage. As for the supercritical direct
extraction reprocessing, it is necessary to fulfill more basic data although further economical improvement
of an advanced aqueous reprocessing might be expected.

The system which combines the advanced aqueous reprocessing and the gelation sphere packing fuel
~ fabrication for oxide fuels would be able to satisfy the design requirements and it has the advantage of
lesser dispersion of the fine powder due to the use of solution and granule in the fuel fabrication process.
However, this system will shoulder additional cost for the reagent recovery process and the waste liquid
treatment process due to need to dispose of a large bulk of process waste liquid.

The system which combines the oxide electrowinning reprocessing and the vibropacking fuel fabrication
process for oxide fuels would be able to satisfy the design requirements and if simplification of the process
can be achieved, it has a potential of economical system because oxide deposits on the cathode are
granulated and directly used for vibro-packing fuel. However, this system has several primary problems
which affect the technical feasibility of the MA recovery process, etc.

The system which combines the metal electrorefining reprocessing and the metal casting fuel fabrication
process for metal fuels will be able to satisfy the design requirements especially for economy even in a
small-scale plant, although establishment of critical safety control method and material accounting system
inevitable for handling a large quantity of Pu in an enlarged electrorefiner, and reduction of high-level
radioactive waste processed, verification of the transuranium (TRU) recovery process by spent fuel are
required. The development of the head-end process (reduction technology of oxide to metal ) is required for
introducing the metal fuel cycle.

As for nitride fuels, specific technical developments of nitrogen-15 enrichment, recycling, and nitride
conversion, etc. are reqired as the main issues, although advanced aqueous or metal electrorefining for
reprocessing and simplified pelletizing or gelation in the sphere packing for fuel fabrication can be applied
fundamentally and their combination system would be able to satisfy almost the design requirements.
Besides technical developments of the fuel fabrication, assembly setting, dismantling, and decladding, etc.
are required for coated particle fuels.

The above-mentioned results have contributed to clarify the most promising FR cycle system for the

commercialization together with the results of technical study reports on fast reactor plant systems and
synthetic evaluation for FR cycle which were separately drawn up.

Keywords : Fast Reactor, Nuclear Fuel Cycle, Reprocessing, Fuel Fabrication, Conceptual Design Study



JAEA-Research 2006-043

B b/ 4
1. *ﬂ%@ﬁﬁi&ﬂ; ............................................................................ Ceeees 1
2. *ﬁ%%@%m .......... 3
3. mgg,;k%a) 35& D) ereriii Sessstssiiiiaeenatttiiattuistiesntieretetinans 4
%ﬁ ............................................................................................................. 6
ﬁ-ﬁ A. CD-ROM q}zﬁﬁw E;k te et eenerteteaeaeteraerne e eteaentaaateaetenrenearnenns eresne 7
(Appendix A. Contents in the Attached CD-ROM -++++xesssessesssensserssss R erereeieeernenreeeernrtnnaaeraraas 16)
ﬁﬁ B. ﬁ%%— JR R ceveerenivnminiin, SR P T PP P PRI P PETTTPTRI PP 25
(Appqndix B. Major Contributers .............................................................................. Feeneseresenistiiatiiia, 26)
Contents
1' BACKGROUND’ OBJECTIVES AND SCOPE............ ......... 1
2. ORGANIZ ATIQN OF REPORT w+++eveiveesreresessssesssesssssssssssssssssasssssassssssstesesssssssessssssssssssesssssssssssans 3
3. COLOSING REMARKS .......... eeevens crreeran verretteeactseatreratntaseneneraeaearesenoesereretraenonraretentantreneeteretnaernas 4
ACKNOWLEDGEMENT .................................................................................................................. 6
APPENDIX A CONTENTS IN TI_[E ATTACI.}ED THE CD_ROM ............................................... 16

APPENDIX B. MAJOR CONTRIBUTERS -e+ee- s 26



This is a blank page.




JAEA-Research 2006-043

1. AFEORE L BE

Hﬁﬁ%ﬁﬂ%%%%%(ﬂ?fﬁ¥ﬁwﬁj&m5)&%ﬁ%%ﬁi B RAFGERT (U
MEFRF &V D) RA—DRLDOWAEEB T, 19994F7H LV | EEEFEFFEBR)Y A 7 L3
i%ﬁ#é%ﬁ%%k@;ﬁﬁbt%ﬁM@%ﬁﬁb\ﬁﬁfH%@%&&&%:exu%%;
RHEC & DBREMZARTT 52 LI XV FBRY A 2 VA REROEE 2o R F—IR L LT
ST AR EBMT 5 2 L 2 BRI E Lz, [FBRY 1 7 A OERLEISHENZE] LT [FS)

EWH) BERLTND, ' .

ARFFRIC BN TIE, 20154EEIC8E5 1 & BFBRY A 7 LY AT ADOEMFERERFRCE 5 L9,
QAR = VX —FIRO BB CEE AT BRI 5 =— XL IR BEE /I L. B
FET AN, BREME. BETARIEEE, BIREDFIANER L OBLEOEEICR D 5 DD
CREEERRELTVA, ThbOB%EES ERORHANERI R 5 BRI EEIC RET
B2, FBRYATF AR UIRBIY A 7 L3 AT A (B S 2T 5 REHE S 25 5O A
Ab®E) OFNENDOI AT MK L CEENREFEREREL, 72— XERT TV AT A
BWEMRETE BRIICED TV B, .

7 ax—RA 1 (1999~20004EF) Ti, FBRY A 7 VOBEMHEIN ZEA < A L T, B %
WA LSRR EITV, 5o OBIZEBIS BRI B A PR O 2 3 L <, AR
&L LTHYREROWA ZHIN Lz, FBRY AT AL LTI, AHM & RETEOM A T
Z DNBRAODBEREN D, T MY U AEHIE, AT R~ ARKURE, ~U 7 5H RGEUE R OKE
HYF &, BB A 2 L 2T b L LCHE, F 100 BAABMERM BN 2 b eEB R, &R EMER
UL EAE R . FOL10DWRHLE RN B2 Ly MNE, IRBIFSEIE R O &R D 1%

SEHIE L, ’

7 = — X1 (2001~2005$r“) Tk, 7=—X 1 CHliH Ltﬁ{ﬁe‘%ﬁﬂ/\mﬁdﬁ%%m%'ﬁ L

L. FBRYA 7 & UTHI%E L O < EREMBEEEE) Ok, KOS % OB 5
DSIRICET D120, 2003FERICTA VA b= BEE, Z O L 5B T TREH A
7y AT KAOBEEED I, ; | :

7 = — XD ORE (2001~20034EE) Tid. 7 =—X 1 THIH L85 O B ABREHT B OWREH
BT O RS BEBEAIC OV T, BFIES 2 LS ¥ 52 DI U S5 & hiic, Bz
PEICER 5 BEREATBASE CHEAT £ 2T 5 & & bic, FBRY AT b & OBAHEIC bRLUE L7233
BRIV, 20034 ERICREERICHT 5 EA TREMETG O R L2 & TR L PRI R Y
Frwk, | g

7 = — XM D% (2004~2005FF) ThE, BRI L2 BFAE R OPREHILE S X 7 A O
FHRA R OV RREER R A E 2. BOERFNBERRES L TX AP TRML T, FaE
27 KR OYHILE S 27 A DB BRI OAE L, BlbE Toz, THODEFMIEY RT
LB OEBRBREE S AT A, N 25 EMHEDETIREY A 7 VY 2T KIZoNT, &t
R ﬁ?éﬁATm&%ﬁﬁ?ék&% . EREHTRR-CHARHRFIC BV THIH S h e,



JAEA-Research 2006-043

BB A 2 LS AT A RT3 ORFRRERIC R CERT S RE0L S, RO
BN O ORES E\ 3 & FTOR I ORI £ 1T o 72, e, RIS 7 EH )
DFTHENE 8 T SRR T & LT, EEBEIC OV CHEMBIER R L,
(L% COMRBRBEZRE Lz, ShbOREREL, BERRY M 5 TVAFBRY AT AR
RSO BRI L & bic. FBRY A 2 AL AT AOERLEMEA ORI ZE S b0
BATHEHICET 5 bDOTh D, | . |



JAEA-Research 2006-043

2. ABEBEOMR

BAE BRI DORNEILAERDOCD-ROMAIC IR STV 5, CD-ROMIUES O, Bk, HikE
ANE | FSULENENATERA, FHRB, T TN EILERC, FERDICER#K LT,

; g

CD- ROMHX%%/\ X, 7 =— XM CEM U7z BREH A 71V/XTA®$§ﬁEE%%WU t‘z‘ VR oY ol )
DTHY, RIBRD X572 45D & FOFFEH LR ST 3,

BIRO TBRBHA IV RF AD T =— X NKEORE] T, %ﬂﬁ%&W/RTAéw
AR B3t BHEHE LT, FS7 = — XN OB BELBRFHER, REREN OF, FOE, mp
W) | W T =— R MBI DB A 2 L3 2T AOBRROEDFILONTRAS,

FBUMD [FOES 2T LORFIRE] T, BBV A 7 V3 27 A0 5 HELEBERIZ OV
CET 72— XTRAOREM L REEEANT, REHRT O L EAT B BEERA
DX, FEALE /XTA@&?HEWMD?EE WREVY A 7 NV AT B E LT~ (L U= A 2
BREBZET) OV THRNS, ZhbZEEXT, SRR, BILWEMRLE, 2B EMIE,
7/M%ﬁ%&wﬁﬁ%@&mkowfﬁdﬁ%%EkLA BRI EAEY A5 0L LTO
WHIRIE 21T - TV 5, '

R, BUROMEE LT, ﬁ&%4&w%@wtnm#%&wﬁﬁ&@@%@%ﬂﬁﬁﬁm
BB MBI 21T 5 7o DICHERIF L - REMEEZ Tk 112, 7 v LEREONL g
FIRRZ TR 2 10, BFWEFHEEE M L, REARHERIE K OREREIZ6R 5 RETRUR &
3 0B S Io, ERNAOELEREBIR OB SV TR 6 12, 7 = — R TRRECRE L
& B EBMRIEDOEBRCREL, Sk, RUMRAKE (LWR) 7O OBITH A~ AR R %
Hﬁ7\_niTh@ﬁbtﬁ%ﬁﬁﬁwﬁﬁF%®~%%ﬁﬁ8uﬁbfwé
B RRBHES 2T LD FHRES) TIE. %M#49W/XTA®9%%M%LEW
DNT, 7= X RSO RE & RETRS md%*«@ﬁmﬁﬁ FAr a4 O A K OFF
EFIECDWTRAT%, ~by ME, BEFEEE (S 2727807, Sf %0 7)
7B RN %%ﬁ%&@%%ﬂ%ﬁ&ﬁ:obfﬁmﬁ%&%%ﬁ&éo%&K\%ﬂ@%Vx?
A& LTORIMIRIEZTT> T D,

%Nﬁ®fﬁﬂﬁ4&w/ZTA@&ﬁﬁﬁjfi FBRY A 7 Mz O 2 mAEHE i
feflt Lo LB S R 7 4 L REL YAFADT—ZIZONTHENT D L & bic, BB 71
/ZTAkbfwm#E*«®@A%ﬁﬁ&&ﬁ%% ER I T 7= BT EBE OB £ 1T
2 TW5,

&ﬁ\Kﬁ%%m%wfm\%ﬁ%%kLT&%?%&wﬁﬁ%Kﬂbf@;%%ﬁ&wa
5. . )



JAEA-Research 2006-043

3. IBARDFELH

FBRY- A 7 A DER{LEMTHERR 7 =— AT (2001~20054EFE) O—FRELT, 7=—A1 .
(1999~20004E ) Tl S /- BN (CeteRik, @BEME. RICWERE) KO
ﬂ%u&ﬁ(%%kAVyF&\%ﬁﬁﬁ%\%ﬂﬁﬂﬁ\ﬁgm%&)@%&W@%E%Em
LR AL DR REY A Z VY AT AOBBERERITOWT, FLFERRBEE 15T
MWdDEe(bY. &B. ZREIFBRE EIZ, /M50 t HM (S&RABIOSEEIZIIREET
SEA7238tHM) 3 & OYERI200t HMABRL TEVEH 2 A4 5 — B 7 F o b OREEEREHRR 21T o
Yol

ARTERENC BT, FIFPBHCET T 2 BRI BRI L TR IS O E2RB L L bic
[ERY OTRUBBI 2R S L W HFBROBEZEN LIZ Y F A VY AT LOWHRFIT LD,
BEATHERNE, AR, BRI LS 2R D KO BT, i, ERFBINFICO
WIS 2o B BRI CMAT 2 £ L, T D ORRE ¥V AT LRREHRIHI KR
L\ﬁvx?Ak%%ﬁp%&ﬁﬁﬁf%%ﬁ%ﬁkmﬁa%m?:&ﬁﬂ%&%ﬂ#%ﬁwy
2T MESERE U, RESERIZOVWTIEL, otk BFE, REATERME, HRAZHN A
PE. KETRECRTME, B - RSEREME, EAFBSIMEIC IR 2 A REHEDRICH T DA ERHE 2 AT
o Tee Ele. BB A 7 N AT A OEMEREMIC AT o BATRRE 2 Lok, 20155°tH
ECOMERMFEHELZ LV LD, ‘

Bkt & LCOEERBRREIIUTOLEBY THD,

R (LAIREHE DT BT, LS X e A F—7 7 F= F (MA) B &
Uit 2 v~ + 75 7 4 — iR R Ui e B FIE & | BRI A TS 2 AT L L7
2Ly MBS A A DR Y AT A, TRCORFER~OMA TR E < |
R AT o PR X BIREPER AR TR, 17 EREMICOVTEESH Y BAT T
T A DEFHRSIHE S BV, A RT AL, BRI B b 7T T 4 —ORIBEANSE, &
UL TRUBE ORISR A S S O B 5 5 b O, W RN ZALA TR L B SN 5,
R, B ESE AR e O T A B RO M BRI B TR & B 3,
LB TS — 2 DERRBETH D,

%@ﬁf&ﬁ%@&&WM$X7:7A/?%H%L%ﬁ#Abﬁt/XTAm WA TR~
DA TR B 1 . BREHRE & VAT L ORI CIR Y 4% 5 72 BB OTRER A 72\ DOF A A
BN, SEO TIRYERA IR 5 - R EINR SRR W@@%%ﬁ%ﬁ¢5

— 5. BB FAEE L RE AR S A A A DR T Y AT M, BREHER A~
AT%@%%D\ﬁkﬁﬂﬁf@ﬂbt%ﬂ%%@ii%@%ﬁﬁﬂ&Lfﬁzéélﬁwﬁﬁ
(bie X IR 2SR B FTAEHERE 3 2 38 MAIEIILHEAT 72 & BRI LM % 2245 B HEREHY
TREREEA S, ' _

SIRIEHC DN CiL. 2R BRI EAEE & RS 2 58 DR 12 ¥ X T AR



JAEA-Research 2006-043

T Y . BHBERA~OES TR D U | A MU CORBENRHTE B0, KED
F k= AR S BN CORRERFECH EEEFIROM, &L VEERRAE
DT PR & AV TRUBIGEEAT 2 & ORFES LI Th D, £ic. SIRIBEHY 1 7 1%
AT B DI, AL (RO SR ~DBTEN) bHRL TV RERDS,

L (LMIRBHE S\ T, EA I B Gl BB G B EARE DY, IRBHILE I Tl
T Ly MECEBTEEO—THS (7] SEATETHY . RIER~MhiEs
B MR B B 28, 2 {LAREHEA D NIRIAL AR « I Y 3 2 b, IS OIRERT
BIRBUNETH D, i, EEBRITRENT, oM, EAMEY - E, BETES OB
DEICLBELRD, : |

B, AHITRIEORIIRRIE, BIARY 0 5 T 5 BEHALFT 2 7 A R O A THE
OEAMRAECI T ZRTREL & bIT, SREIIHIEBREZED T R EH LR
FEIF YA 2 VY AT DER D AL ORETFMICET DO TH D,



JAEA-Research 2006-043

HE

AT DTFICRARS k9o, BFAMEORERE, BREEE. BO, A—-h&it -
ook, K2R EolH, XBREEOTRY EHb0TH S, ‘

T I BT, m%4a»%%w%@§%ﬁ#@ﬁ@:ﬁWﬁ%ﬁ/a (BURT
HEEHEOWRAIRTF 13 A 7 AHEMFEEBIT FBRIBEH A 27 b=y b ROHIRIRM S
B PR A 7 OV TERRGERT) | TV b= MREE v 2 — (BURTF IO 7L = 7 SR
HRISEE L X —) | BRTHEEES GURT IO RERERR Y ¥ — BB 2 1T
BT EEER R ¥ — BAEGREREEE) | BABEYY 4 — GURTHRED
FAEREBER v 7 —) | RONAY A Z MRS ORI v ¥ — B EREEE v & —
PR SABRTE PRSI S (SR FTHAE O REERTSBIS £ o & — JRBETRIABES Whhat
W) | A ONC B KRR = 3 — o R 7 A ETER R g/ v — T GRIRT S
M DR T IR T2 mmww»Mﬂz%a%/ﬁﬁv7/mﬁ%ﬂéﬁm%a»—7>
DEBEDHI. i%%ﬁbto

BRIELES (RFIIEE) X, BT L OBICHIR %ﬁ%i%ﬁ%b\gﬁ-A%i%\
&mﬁw@ﬁm%awfgﬁa W BTN,

BRI, BT L ORI RIS e B R L éﬁ%ﬂ%ﬁwtﬁﬁﬁﬁﬁﬁ%@
TN SRS TN O LA RS O BAFIORANIC 381 T, &m%%®%4%ab1§k&_
W EIEWE, '

5 MRE - RO EERRRE AT S AV - PIERE CEETHW. =%~
TR, BRI, . WA, BEESY AT ARMW, AATX -
Do xR EEILU=T Y LS, Ao, GDREAID i, SRRSO R
d@%%&mﬁ%;kmfh%ﬁ&ﬁbto

IR T A T ORE, BRI SISO R EV L,

,it TEFAMARE., SKIEER. JEEB. EREAE. SAREN. BARMELE, ABER. AEILMm
B, WARMOZRIE, 7o— X% EORRIHER D> T, HREE, REFAONH
FiziE, AMEEORBIERICEVTIRAENE, '

Bz, AFROEIIC T o T, BT BRI OEME, BlE 2Rk R
2T LEIREIS ] T L. FEOEBRRIC OV THE L, BRI, FEIREND
a R N EETHWE,

:m%wﬁﬁ%wmﬁﬁ%ﬁu_%ﬁﬁwtﬁﬁk\um%ﬂ EFE LI,



JAEA-Research 2006-043

4% A. CD-ROM IREZ5 0 B

LI , 1
BIW BBV A I NV RTADT =— X M RE OB 3
1. SRIGBMRI I 7 =X L1 5 P HIR EBFIER, SR G T
11 TR TL DBIFE B AE crvevreereerererrsismsisesersist et b et e b 7
1.2 BN A 2NV RT LD T =2— XL DF p+g;k% ............................ 10
12.1FBR VAF A EDHEY {?ﬂ/\%ﬁ: (FP, MA JBAZR) «eeeesrmmrrnninennieniecnienin, R ererreiees 10
1.2.2 Z2AMH e eeteeeeeen s raeterer e st a et e st arete s s e iR et e eete e bR e se s ae b e e et e s s e nr s s e s e e banene RIS 11
123 ﬁ(ﬁzf& .............................................. 11
1.2.4 BRI A T I vt e 12
1.2.5 GUEAGINFIFIHE - orveerrserssenssinsssnssssesssssnssssssssssesssnssnnes b s 13
1.2.6 AT B U - vee et 13
1.2.7 TBHE o fRSFREIEHE o orreremr e 13 -
1.2.8 BHFHIERST M e ereer rretetteesesnat e re e sraeess i e aan s ee e nannnal L [ 13
1.3 FBR %A1 7/1/‘\/;(5‘-5\@@?#5(“}%&% ....... rrvessieaiaesnessnnesassnnetnansseeenerarsinaenastre 15
2. BB A I AL AT ADT =— X TR OMED S v 20
2.1 BREFF A 7 L AT AHEBEIT 31T B EEARBYTEE 2 J5rrerrerrerressesssssssssssinssssssssssssensssss s sssssssnes 20
22 VT 57 LUV AU AT DDFRTE rerererrssrestammsciinieniciieinnniinienn, eea ettt s e e se et oo ra s a s r e s nan 22
BIE FOESXT AOREHHRE X
1. 7 = — X TRETO R & RFtx Gk : : 25
11 72— RTI2BT D EE AR EL - eeereersiensneenns T PRSP PROTOR PR 25
12 7=—X11} BT AREMRETORER T L T P T CRPPUOPPOLRPOPr 26
[7;}35%‘j(@(] R R R G RR 31
2. REVRES ORTHRAEM: & EA T # : 37
2.1 U77VVX“/X‘7‘A0)EQE ..................................................................................................... 37
22 U757 LUV RARVART AUIDRERELT AT I ceeeereeernniresininniiii, E U SR 38
2.3 BRET OO RHTHRER e 38
231 U7 7 LU AVART AOBEFRINIBIT B RHREE e eerereeterreeeee e saae e aeeaeeneas 38
232 ZZ{LIRENE DB S R T I DEREFLAAE rerrererrrenieriens e 39
233 BIE L AT DDOEFRILIRBIV A T IV U DRI oereerreeeenssiesiee, 40
4 BREFEESRADL S (FEARTFEF) oo P P P T PN 59
[ k] eieitsesentesinsuareseressnenesanenetansass tseataantn s sssnasratases eatatsnanantasaenesst s Lo reLet traNsess AN RS SR A 67
3. BAERY AT A (REMF A 2 VAT A e ETe) O EIREEHOBRR 69
3.1 ERAITE E eeeeeerrerernmrmmnmneit e e s 69
4. WO : s 79

4] TRECER LIRS ODAEEEE evvereeessesse st bbbt 79



JAEA-Research 2006-043

4.1.1 ﬁéﬂé@{i—tﬁk@(f ............................................... USSR P P I 79
4.1.2 HEYED IR DAIETE coovererrerrrrere s s 80
413 %@(@ﬁ(ﬁ@(_@j«é@%ﬁ@%;@ ........................ 80
4.1.4 BB L U C OMEGFEHEHHIR rrrerreemesressssssssssssssssssstsssss et )|
) [%%yﬁgj{] ....................................................................................................................................... 82
42 FetEmak (NEXT W V77 VY AVRT L) OB @ACIIRBERR)  coeeeeeereeereereees 85
4.2.1 HEERAEAAEEE oo eeeeseeieaEeerere s reta et et ae st e st esssssssete s n s ents 85
4.2.2 FOTEEAM coeeeeeeeee B LT T I P PSPPIy 98
[i“%‘jﬁfﬁk] T L L e 114
43 TBEE R R e eeeresreteesieerteseeesesesastioRer i baaastsesenitbrbaatesesainarasessiaarestes 152
4.3.1 FERBEAREGG oo S T S TY O 152
432 an'l'o)n:F'ﬁﬂi ............................................................. s 155
[7;35%"&@&] ............................................................................... e et narana s 159
4.4 LWR 7>5 FBR ~OBTHIC KT D agk 0)3?) Y JFDREES - eeeeresneremsensionsennes s 176
4.4.1 BB A 2D T T EHERR DA -rererereree e aeeeees RIS nerassasneenas 176
Q4.2 BLFE TR coorereneerenernertn e 176
443 %Fﬁ@%ﬂ;'ﬁ: .......................................................... 177
o N e eeerrereeteeeteeteeste e e se st e e a s et b e s b e s e s n s 178
4.5 ZRETRIRBIF A Z L3 U s iiaeeeeeeresserssensnssnsmsensnssencnsnnssins P 186
4.5.1 BEFEHLODBNEL ovoereresersin s B 186
4.5.2 BREVEREERFOREE .. P T 186
4. 5 3 *{%ﬁp}g:;}:ﬁp-j‘ 187
4.54FP (I,Tc,Cs, Sr) EUNE A —47 > ]\ (I Tc)L’_ /&&}Eﬁﬁ—‘f@;}ﬁ——j .................... 189
4.5.5 Cm BIEYA 7/1//;(7‘19‘}3'201%! ............................................................................................. 191
4.5.6 CS N Sr @ﬁﬁk/\ ..................... 192
4.5.7 %Eﬁ?ﬁigﬁk*‘/['@kﬁ ............................................................................................................... 197
4.5.8 ZEAYEE I mIT AR L o %*}ﬁﬁ}:ﬁﬁéﬁ@@yx?A@ﬁiﬁﬁ ................. eeeeieeresnrsenans 198
[BZSCHR] -+ reenenes BTSSR SO C OSSO PP 199
4.6 ZALMIREI~OER BRI TIREN XLy RERBIRHR)  ceeeeeeemmmisniniiniiee 218
4.6.1 BaSTOES e LTI LI e U LI R 218
4.6.2 5'(‘}‘}7;0)75%1- ............................................ tserernessaeesneestesanesanesestasennaeates : ..................... 219
4.6.3 FALER T T R ereeercnnnionn. L CTTTITTIPTRPPOPPPLPOSPIEDRE RO RPEIPILLE 220
4,6.4 FEAl -veeeneerenerrenees B e rereresrerriirerueetenereeneresiaisesanens 222
4.6.5 BHBEEREE «wovoereeerimeninennes seeeaseesiaieieeratsshesttsatetasaresnenarensasas S b sEOR SRS R LRSS R SR OSSR Es bR e e sr R BSOS 0 223
[Zﬁ%jﬁﬁ] ..................................................................................................................................... 226
4.7 g%ﬁﬁq‘ﬁﬁ%@}ﬁ% .................................................................................................................. 232
A77.1 GerEIR TR wrererereere e 232
4.7.2 FBEE TS T oot 234
[Z/%A:%j(rgk] ..................................................................................................................................... 236
4.8 :/;(7-_5.@%:‘@,{]“:%@75@% ............................................................................................... 243



JAEA-Research 2006-043

48.1 BEHEBAIEY T 7 LY AV AT ADBLEAY, +evereeeieresereenseesenns et 243"

4.8.2 BEREEHEEY AT LOBRE L PPN PP TP I 247
[ﬁ%j(fﬁk] ..................................................................................................................................... 249
4.9 ?ﬁ@ﬁgﬁ%xga .............................................................................................................................. 254
4.9.1 FEHTERIE D RRE eeereerreerrrtrres e seearessiersirase 254
492 TEHUEAR v BB i erereeres e e aeas et re s resareseaesaeerae R e s e s e Rt errae s 257
5. B EARIE ' 259
5.1 BB B DB e s 259
[Z/%,s%j[ﬁk] ..................................................................................................................................... 260
852 U T LU R AT MO ERE e 261
52.1 FEERAEAAEGT ettt teererreereeeeresaeneaeaane P PP 261
522 FEHFERAT veovrevesreessnresseens erehestashe et s s e et eag L e R e ARt as e tenebe et b e R bR R e bR bbb e 279
EZ3EN eeiereeseresesetensteettetebeseteserra st bese st rantetesesesare et tesesesarane et re s e s ra e 296
5.3 BEERBREIY A 20 7‘]—,\@5@};{; ...................... e ................ ereereeeeraesreaieteetanreaeaes 348
5.3.1 FP (I,Tc,Cs,Sr) W&ﬁ‘f@ifﬁ%‘ ............................................ 348
5.3.2 MA B AT AT OO RRE] croeveererremrmorern e 349
53.3 ZEAFHERIT IO « BRBHERRIC BT B BRI S R T BODFAI -rovevereesmremsmssmmssnessisnsnnennns 351
5.3.4 ALFHEHEODZHEL oorerrererererer ettt eteete et re et see e e s s 353
[ﬁ%‘jﬁ'ﬁﬂ e eveteeraseeseuetethentenetatetenttnotneneenesecratatuacnasatatrereeetuacatasossantiesaeenenrencesoncarananressrsnotnresserastrars 357
54 ZHVE CORFRITED BRI L A 4L D ERI crorrrerreerressesssesseesaneraenss st aeens 366
5.4.1 FRAK « LB - ooveereerenns e e eectee et ae st are e s bbbt et s e s bbb et e s sar s b esse s baranee s s annas 366
542 BB IR e s e 366
»5.4.3. ﬁﬂ#%ﬁﬁlfi ..................... essesessrersenseniens ettt e s neaenenee . et 367
5.4.4 HEFRVERMRIIIR «oreereereeserntes st 367
5.4.5 BEB FP ABETHR oo, erersteastesseesressaententerrersesenatassatsntarartessssessesersesssnnares 367
5.4.6 MOX FERT TR e b bereEereeetiieiii st e e e ee s s e s e s e se s bbb e L e s e s bbb R R R e et se b e b b s e sa s ba s s ee e s bananaaes 367
5.4.7 BIETIROE BB 2 BN T2 SR oo 368
5.4.8 MATANL TR wereeeeerrereneeemmeiette e dereeenans 368
5.4.9 HEBETEMPALIE TR «revrerererrerseenesstesstsssesis et ss st st bbb bbbt R bbb b nas 368
5.4.10 CI2 H AMLBRTFR -oerreremeenenanane eeeerennes SPmeTrsetreeatserencnen ot aes snanateenac ssnanac sena st tonas enaeesnssa s s cne 369
5.4,11 LT YT N R TR ILUMESE « FHE oo 369
54.12 ﬁé,@ ............................. et s 369
[%‘e%j@'ﬂ‘k] ............................................................................ G RN 370

6. &EEMIE 395
6.1 BB BRI DR B oo e 395
Pj}j%jcrﬁk] ..................................................................................................................................... 398
62 VI7 7 LUV AVAT ADOERE (GJBBRBIGIIE) e 400
6.2.1 H R S T e 400
6.2.2 THIRTELAM «-ovveremererrremrnmete s 421
[Z//%j%jcﬁk] ..................................................................................................................................... 438



JAEA-Research 2006-043

6.3 SREIR T A 7 I 1) T osRERS sooeeeserseressssssmsssssss s s 491
6.3.1 FP [ BT OO RRE ] veeeereremeremremmsese it reeereene e 491
6.3.2 SEEITHIIF L « BREHEAEIC I 1T B BHALER S R T INFEAIE ooveereeereesseremssessmssenssennnss s 492
6.3.3 AUERHHHLODIZNIR vovrveereremremsssemsenssnsssiesscs e OO et 502
[75}3%3(%] ............................................................................................................................. oesnnees 504 |
6.4 TEFEFGINTBITE DRI & BRI +rveereerssssesessresss e ssss e 514
- 6.4.1 ﬁ@p_[; o BTALER ooenermnenennseeeeieneennd U UG P PP PP TR S TPTRT Y 514
6.4.2 %ﬁ@%i&lﬁ; ...................................................... 514
6.4.3 T TR B A v vereme e 515
6.4.4 BETTHHY «oreererrreremimssiene g0 PP P 516
6.4.5 gf__ﬁ;i@@ﬁ .................................................................................................................... 516
6.4.6 BT A PEFE coorermrrrrmmtiiii s s s 517
6.4.7 iﬁ%ﬁ%@{bﬂg ...................................................................................................................... 517
6.4.8 ;@%EFEM@&%ETC@ ............................................................................................................... 518
6.4.9 B U AASDHEEE vererereererere et S PR PP 518
6.4.10 kﬁé@%%lﬁ ..... 518
6.4.11 SFEAE T - ovvereren s ............. 519
6.4.12 A R EHEIE D PO I 70 B EAME b BB D ATHRRE coorerrreersnsssssssss s 519
6.4.13 FFERTIRIG CEEASER, FHATHNE, VREEEMES S L) o e 520
P}j;—%j{fgﬁ] ............... T R L IIIIITEEL LR R NPT esesssansersresneserasnsrrsesesnes 521
6.5 T AR v FERBRHEER ODORRET cooreeereeerserss e 537
6.5.1 T EI T SR corereretentin e e 537
6.5.2 HEBE BRI coeoeeeeererrrmrerree e S s 538
6.5.3 FRER L EIAI - ooerovereerrrere et 543
7. 7 v LA S : s 547
7.1 7 AU IERIE OREEE oo rrrrerereesseseisenrraniaseraneans e 547
7.1.1 %@@Eﬁ%ﬁ%ﬁ ............... LI IECTITTI PP ORI T TSP CT PR TRT P 547
712 DBENTISUT B BEFEITHE ++ererrerssrresseressesssssessse st 548
Bz N reereteeshresteesssertessreeeeenreeshesateasaae et e aeeeane et e r e s aesh S S R L LSk e aa ke R RS ea s SR e e et e R e e R e et e et e R e e reee 5'49‘
72 T RUIZBIT 2T S ALIEISEEDRRET & AL DEIFE oo 557
721 72— RIIZEIT DT I LFEIEIEDRRET v 551
722 7 o T BABED BTG eoviveermeeseereessemssesssimsessesesstse st eeeeerereeresreare e aneaeaenens 552
8. FAIR Y R T K OBHTHIETE 557
8.1 &@ﬁ-gy{ﬁﬁﬁﬁ@%% .................................................................................................................. 557
8.2 y@ﬁ{f@&@h‘—ﬁ@b ............................................. e s 561.
8.2.1 NEXT % (%@YEK&%) reeenbesennesnrasnsattatesnronenartertuonsaresansttattetittasneielsrontaesntstasentntasensntassernraeres 561
822 ﬁﬁ%ﬁ*[ﬁﬁ%i&ﬁﬂﬂjff ...................................... s 562
8.2.3 NEXT it (GeEim=Ek) (Z{bBkphxtis) R 563
8.3 BETNIE BT FLITE L vreeereeeerreserresnneeee ettt 567
8.3.1 B EMRIE (BRACIDIRBERIIR)  woovees ettt et bttt ea et bs e s e nr s 567

— 10 —



JAEA-Research 2006-043

832 SREMIE (SIRIRBIRIIE) s SO OUOUROOOTON 568
83.3 &R EMIE (FBR{LAIREIRIIE) e e 568
83.4 &BEME (Z{LMIRBIXIE) OO RORRORROROOS 569
83.5 7 ALIITEIIE (FRAUIIBREBIGIIE) wwrorrrrereresesserssnesssisnissese e ssnescsscsssnscinesss 569
8.3.6 7 U ALMITEICYE (ZE(LMIREBERIIE) oeeressesesssmsssssssesssussis sttt reereneene 569
8.4 FRALER S R T IO ALERFEE L T -oevveeeersereees e s s 577
_ﬁﬁ 1. ZERIEETIE DS « BREMIAS oy 581
FHF 2. 7 o (LRI Y e e retesreeesaesastsre e tesiesteteress e R st R s b neassesa s s e ben 603
[ 2.1 TR U DT erereeermerereenenes e e e eanenan T 603
T8 2.2 TG 0D TG B cveervere et 604
6% 2.2.1 7 o ALMIIERE 7 0 2 R DBAZEREE wevererreseerecnnnns e 604
1% 222 “NETOT ALMIER 7 o AR R LR e, 607
(& 223 7 ALER 7 1 R BTIZ BT B BT O E PN B[] rvererererererssrssersesssesssmsrssaseens 608
8% 2.3 {FHFE MOX BABIBEESE D 7 o IR oo, 619
B 2.3.1 T L BDIT eereerseivrermsesseessesmsesssssesssessssssssnaseens ettt 619
% 232 UL ROTIL R D07 DEAMI DM wreerrrerreesirssinsssssssesise s ssssssssssssssssssssanns 619
6% 233 DTG RBONT I = BD T o LEFHE oo eeereree et ra e 620
T8 2.3.4 MALT2 12 L A ER vt e 626
8 2.3.5 15 MOX BRBIEEEEMIE D 7 S AVAFHED F L W) e, 630
fHé% 2.4 BEFIVE MOX REIBIEME DOERKIEL 7 v (L7 BB RADIRFL e 642
4% 2.4.1 11X D&JW—‘ ......................................... Eeaeeeereeieeaetraeeetteriiearera et et esaeaareantraetrsraranneebesaas 642
6% 2.4.2 TRU R OXFP 7 /{E%@Zﬁig—(—‘{‘)}: .................................................................................... 642
MR 243 T AT TR R DRI s —s
(83 2.4.4 FEFIYS MOX MRBHUEREIMEE DFEEUL D E L Wyesseeeseeeresssssmsseseesssmsssssesessesssesessssseses 643
i 2.5 7 o ALHEIE 7 0 T RITBE G B AR AT e s 650
~H% 2.5.1 1% D5 TP 650
1% 2.52 7970 ZAADTERITEE T ARETT e 650
6% 2.5.4 7 o {biER T2 R T T2 rmeeeersresssssis et st b et s a sttt a et sen s st 658
fHR 2.5.5 7 o ALIERE T 0 R DFRRH v eerereererereeneens e bt b e b s et es 661
FHFE 2.5.6 F L 8D evermrerimeniiiiniiocninine, R R RIS 662
[B% SCHR] R ereererrr et eeer et e e e e e e s e s e e e saesi e 664
T8k 3. TR MERTAR D RE BEA] L evrereseseeenismsisteist s s 67
R R S o A DY T s RS, e 671
{rj‘ﬁ% 3.1.1 *E%g ................................................................................................................................ 671
FHEE 3.1.2 I IE DR B coorvrerereetteiie e e 672
FEEE 3.2 SRATHE T ovorereeerrereemeesesre st es s s teeeeteeeeereeberbe e e ebe e s e eneeteentesasesnes 673
fHik 3.3 ARFEOE S s 673 -
47 3.4 BEAEY A 7 MR OB ER A B E X T IR DI L v 677



JAEA-Research 2006-043

6% 3.4.1 P LD 8D [T evemereremmne et 677

6% 3.4.2 BEHE (@%Z’(U\@% i) @mﬁ ....................................................................... 677
6% 3.4.3 YA 7 VHEER A S R - N0y -1 ] R e R R R R I R L 681
48k 344 7 x=—X H*ﬁp—ﬁ@ @éﬁﬁ[—&;ﬁg ................................................ e esrennvesssonsane 682
FEGE 3.4.5 T & BDererrmeree e 683
[;55%-)‘[@(] ..................................................................................................................................... 685
-k 4. fmi‘ﬁﬁﬁﬁﬁ;ﬁﬁh_%gﬁﬁﬁ—} ............................................................................................... 695
[g%yﬁ] eeertsesnaserrateteereeanoraaaeebesttessesaarerataesatirtattanatanianasen eseieesusessssraetonsitstassssstsareessetnrarrarets 711
fe% 5. SedE ) YA 7/1//27‘.&0){%[55?*‘%&%/‘\0)1@[} ............................................................. 727
(6 5.1 BEbESRHOME I ORISR T | (BRI OD I revreereeres s 727
6 5.2 BATORBEHEEEIT OB & S0 Y 54 7 /LY RT DD 731
6% 5.3 ﬁ#g&ﬁ# A 24T {ﬁ&@{%‘gﬁ:ﬁh%ﬁlgg)*ﬁn—j ........................................................... 733
T8 6. @W%@ﬁkﬁﬁimﬁﬁ%@%ﬁﬁ ...................................... ' St 737
6% 7. &R EBREDOERBIREN-A yﬂ/uﬂ,\@ﬁqﬁp—f ............................................................. 753
{—j—ﬁ% 7.1 BRALIIRIBE A OO -oeeveverensnssnessnsn sttt s 753
L AR (g o + TR et a e aenas s 753
fH6E 7.1.2 FRHRERAM - eeeeereememeere et sesesesesi e eerrensaneseasans 766
(3 7.2 BACIREI~DTER (w21 v FRBERIRR) e 795
8% 7.2.1 Hig %A%% ........................... 795
% 7.2.2 T T R L TR S L 803
5% 7.3 BAIE DS BEIF~OBITEIC T B g)};)lgjj .......... 827
- frHEk 8. ThE T _*ﬁpfbfhﬁ:@@&{,ﬁ-@;ﬁﬁﬁ#% .................................................................... 833
5 IR IREHITE S 2 7 A ORREHRE . : 841
1. 7 =— XM DRH 843
1.1 U7 LU AT AT Dy serereneees R 843
1.2 ZEBITEAMH S/ 2R T I veerereresrssientsesstsnss st s 843
2. REAERA~ ORI ereer 846
2.1 BREMLE DR p{—*ﬁ: .................................... eereseseseeresesiasitanararertresatreaasrareressttstttsnnes 846
2.0 FHEREREF O ELAIYTL Z TG rrrriorermaerenersssree sttt e 847
3. BORHE O R R R ORHIl 7 848
3.1 FITERAI OO AL AR o vevrrrererrensnmaere et 848
3.2 quﬁﬁjﬁi ............ ceerreaeens B LSRR e s 848
30 RIS T veveererereeeseeessees st 849
322 fﬁiﬁ‘-ﬁﬁ‘-ngﬁﬁjj‘(ﬁ ................... et e sttt resiereniraseaieiaaeestnees 850
4. Ly bk : 855
4.1 MOX BREH Sﬁ"?)‘éﬁ“f%ﬂﬁ“\l// [l RO 855
. 4.1.1 )771//7(/X7‘A BT s s 857
A4.1.2 BARETRIRBIT A 7 JU ST U A R weevesesrssssmsessnenesnsismntiss e 890
413 g?ﬁ&fﬁﬁﬁ%@ﬁj@% ............................................................. erveresesesentireeriststaiatatttenttrerasasananns 903



JAEA-Research 2006-043

414 &ﬂiﬁﬁ%ﬁiﬁ ............................................................ T 905
4.1.5 Ry P TFBBRMETR DT e 907
4.2 Wkl T ARy ]‘%éL‘/XTJA e 984
4.2.1 BRI A 2 T Y 73"\@5(1‘)_{3 ............................... B It 984
4.2.2 FITREIETE H ceoevererrererreorermimniointe e e s 991
P};,,—‘%jq’gk] ..................................................................................................................................... 993
5. {RE)FEIEA L 1011
5.1 HFE e AT =T o8y 7 PRBHRIYE S R T IR G e 1011
511 U7 7 Ly AT AT LEREfeeee atarasesebessensnssessansEs TR e nas e eres RS SRR RESa SRR R R4S R R 1011
5.1.2 Z4ERY A TNV AT DA~DOXYIG .................................................................................... 1031
513 By b LEEEBRHEER D FEET et 1034
R A 5 D = T PP LTS IR 1034
[Zﬁ%jﬁ'ﬁk] ................................................................................................................................... 1037
52 XA w7 (B ERERIEEITSIE) BRI 1058
521 U T 7 LI/ AT AT Dy sreerrrssseesenstsstsss s s 1058
5.2.2 ZREIRRBIY A T T U DR coveerreereresmenesi i 1073
5.2.3 FEHFBEIETE H ooeeereerreem e 1075
524 B D ILEEBRBRHEZE --ovverrrrrrrrrsemm e e 1076
[i“%‘j(ﬁk] eerereitettassanseteesenarsennntrensstniotaaertttaraiesenstieresnastanntesouestesreenressanesesoranersnitsteesetrrserstessrn 1078

6. GHEIR 1099
6.1 (ﬁ}%};ﬁﬂ,@lﬁyxg‘—ﬁ\@*ﬁ% ................................................................................................. 1099
6.1.1 U757 LV R AT AERG eeerrrenvnnninnnnnn ettt e b a st a bt 1101
6.1.2 FRIRTETAM «ovovrreeerreremsemennmere et b 1130
6.2 ZAEIBRBIY- A 2 Y j—/\g);(ﬂ;; .................................................................................. 1161
621 V77 Ly AEDERENE B DR ERELERER & D EGER oo, 1161
6.2.2 BIFREHEE S 2T 5B X OB TS R T Iy e 1161
6.3 FEITBETEIE ] covereereeererreesmomruriiuimtiiti ittt bttt st sttt sttt n e snns 1170
6.4 THFHER }\:;tﬂjﬁj@ T DGR eeevevenreerrenste e 1175
6.4.1 JHEERAIETEL «ooereet ettt e s st e s e e s s n e e ann s 1175
[%%ﬁ(fﬁk} ..................................................................................................................................... 1176
7. YIBRLT R 1177
7.1 %&g*ﬂ.%ﬁﬂ’%l_‘/xTA@fﬁpf ......................................................................................... 1177
7.1.1 Y o7» V/X?/X‘T.Afpzﬁ‘i‘{ .............................................................. erenertrrnttaraiataeninaeencacnes 1178
T2 FRFTEEA cveerreeeemererimm e e e s e 1200
,7'2 ZARTRIRBE Y A 27 LT U D fineeeeesseessnsne ettt tetrete s e se s e e s et e e e nae e s ae e e e s tae s e e anans 1228
721 ‘g%i%&ﬂyﬁﬂ\%myx?_& O P RPN PR PN 1228
722 R EREE DSTIIR 3/ R T Ly creressersemsiventniiiiniiisiittstes s et bbb s 1229
73 &@ﬁﬁﬁ%ﬁiﬁﬁ ............................................................................................................................. 1235
[éjgiﬁgk] .................................................................................................................................... 1235
8. MREHE S R T A OBHTHIRTE 1239



JAEA-Research 2006-043

8.1 FHFTEALAIL o Ry et 1239
811 V77 LA D e 1239
8.1.2 ZEBIEHMIIFH 3/ A T Ly eveeersensesesnoimin e ..... 1241
82 A7 2T\ Ilk (Yifﬁim@ﬁﬁ;jﬁ%jﬁfé‘(g) .......................................................... e 1243
7821 U T 7 U AT AT Iy ceeeeenes TR 1243
8'2'2 ATl O i) R A A R 1245
83 S8y I ERCAERRRIEARBITCILE) oot 1245

8.3.1 U 77 LU/ AT/ ATy sreeereeessessnentnettt s s 1245 ‘
832 é\z,@é@%qiﬁﬁ)&ﬁ . all A I I IR RN 1246
8.4 HFHABEIETE «voorverrrerermmre et PRI 1247
N B I g Rl ............................... 1247
8.4.2 ZBIEBIEEMIFH 3/ A T7 Iy wereereresssnennnssnits 1248
8.5 B MIIAIEE crevereee e 1248
8.5.1 B2 NIREBE - eeeermeer e F U PSRV UV PRPUUR SN 1248
852 %1E%W%ﬁl?%ﬂ' .................... esssenns I SRIIee 1249
I 1) 3 3 1249
8.6.1 LLFP £E A {RBITE S R T Ly woeeereersneenens G T 1249
8.6.2 LLFP ZEfiA Lasehii i MOX %*/I’%A{AK%L‘\/XT-L\ ....................................................... 1250
8.7 KEFEMFEE MOX XL v k Cemeameedeesiesceserientestersentiseentertisas LTS sr N aAsa L raa e e sAa s A ek a s s ab et auere b8 1250
[i‘%ﬁfﬁﬁ] ................................................................................................................................... 1251
9. & 1261
158 1. 23 73y 7 BRBHIEIRIZ I BA3HT Y 77U L RO R oot 1263
fHe 1.1 JEURHIERITE TR - orereeerereenenens .............................................. 1263
(15 1.2 S8 Pu BALEETSBITEI - oeverereerseeeressensnessesnnns e e 1263
£ 1.3 Pu BV BEZSENEER] (DGR TE oveerererseresesssssens ettt bbb 1263
6% 1.4 BBRIOD Pu S BT T Il s 1264
F18 1.5 Pu S BN DEESE TR H e rvesrr ettt 1264
6% 1.6 BRI N — T FHC FIE DR D Pu EALEE LB T WA TTRESL -ooerorresee e 1264
AFEFE 1.7 LB e S 1264
BIVIR B A 70 (BRAEOREIEGE) AT AOBHTHRHE 1271
1. FBR ¥ 2 VBRI & O SRR ' 1274
1.1 EE/] ........................................................................................................................................... 1274
1.2 ZIIEEMOD To 8D DT L ereererststsennc ettt s e 1274
1.3 BGEFTHE oerererereennnnens O OO U OO RUO RSSO PO 1275
13.1 ﬁ:p&@yx—)—_A ..................... LTI LT TTIT TIPSR 1275
1.3.2 kgkﬂ, Y H:;/;(TA ..... 1277
1.4 FREFE G e eeetsabieettteeisasan st rntesttrs R arssenasr s anserrarrsesaurreeseutritsiasabtaatareerissanssentd 1279
2. WRBH A 7 VY AT A ORI 1291

3. BB A 7 V3 2T A DEHTREE 1294

— 14 —



JAEA-Research 2006-043

3.1 SeiElRsUEEALHE L B~y MERBHRIEDOMA S E V2T A (MOX JRERY

) R T T P R e OO TP R PO RIS PRI 1294,

3.2 FeERANVEFLIEE X 7 = T Ry ZIEREHLE O/ A A E T AT A (MOX Bkt
};E;) ................................................................................................................................ evrrenanne 1294

3.3 BRCWBARIETILEL L A Xy 7 RGO B G DRV AT b (MOX BREEGIE)
................................................................................................................................................. 1295
3.4 &R EAETALEL L S SIS DML A RS AT A (SRRRBERG) e 1296
3.5 SeliRAIEF AL L SBRL FIEREH SO A G VAT b (BLREIRS) - 1296
4. ERGIZET 7 BRI O B 1300
B¥boic w1311
;ﬁﬁgﬁ ................................................................................................................................. 1313
BREF A 7 VERRRSEE  FHZEBIHH orveererreercer sttt 1315



JAEA-Research 2006-043

Appendix A. Contents in the attached CD-ROM

" Introduction _ 1
Chapter I Perspective of fuel cycle system in the phase II study : 3
1. Development targets , design requirements and candidate concepts in the feasibility study

phase II ................ P T 7
1.1 Development targets of the phase I study7
1.2 Design requirements, etc. of the phase II Study seeeeeeseseeeseseeees U PP TT S 10
1.2.1 Condition for coordination between fuel cycle system and FBR system (FP and MA '

Content) .................... e e eemeannessesnennasetnssietecttarenassteeattesseanattetossasreesstietarIsteseeaosaats0stabiteasocstatasansratntt sene 10
122 Safety ............................................................................................................. SERSRUAIILELEEITLS esesssnnsane 11
1.2.3 ECONOMIC COMPEHIIVENESS -+ ++rreesseessesssrmsenssmssmsssmmsnassisssssisssnsri s cnssees rre i et e s e annees 11
1.2.4 Reduction of environmental burden «-«---s+sessseesseeereressesiniisiasunisrnnnnes SRR e 12
1:2.5 Efficient use of nuclear fuel resources'-----------'---'~-'---j------~---? ........................................................ 13
1.2.6 Enhancement of nUClear nOn-proliferations-+ s s wsssssesrsmmsisssssssismisssssssssmiesss s ssnsensssovenes 13
1.2.7 Operationability, maintenability and repairbility----:-+--esssee- e e 13
1.2.8 Difficulty of technical achievement ....................................... PP 13
1.3 Candidate concepts of fuel cycle systems----- e Aiesasssesmictaressaseassossassnsrasstasasseasenarasasaunstsasns 15
2. Procedure of fuel cycle system in the phase IT study:«swseeseseseseessssssesussmsmmemmsniss e 20
2.1 Basic concept of fuel cycle System CONStruction -+« swswessesssssessenssiasesessees ereeeiesitteaseereraanresnas e saras 20
2.2 Reference Systemn «+«-«sseeneeenmsense e UNRRRRI reeeserssesensttnarenattstaeatataraeisesavarasnatatttesetestiiens ceeneene 22
Chapter II Design for fuel reprocessing system " : ' 23
1. Evolution of the phase II study and candidate CONCEpts «+-+:-rswwwssssesmssssssmsssssssinsssssenssssnnsssenssseies 25
1.1 Main results in the phase I Study -wswrssesseesessssmisssmsismsisssim st 25

1.2 Evolution of design study in the phase LT SQudy w-sseresreesrerssssssssssssssssssssssssss s 2%
[References] ©eeusesecaseeesestsseesessenstiestessbnes s aerasae i ne e et e aseaasesesaneotnensh e te R R At be s R RS sRRS PO TR e n b e e s ut e a4 8RO b s 31
2. Precondition and basic policy of design Study - -s-esssesssessenisrmsssmsesissssssis sttt 37
2.1 REfEIENCE SYSTRINS ++:resresessesssstesssssstsnsrssussnresstest ittt e revessssensmsesat e sades 37
2.2 OtHET SYSHEIIS:++++rserssessersserss et saa sttt s et 38
23 Precondition of design ..................................................................................................................... 38
2.3.1 Precondition for design of reference sy'stems-"-; .................................................................... . 38
2.3.2 Precondition for design of nitride fuel cycle system ORI P R SO P 39

2.3.3 Study of fuel reprocessing systems for various fuel cycle scenarios such as

multi-dimensional evaluation:«-+-+-++>* Bt eresseianne it 40

2.4 Basic policy of corespondence to design requirements =+ PSP S 59
[ReferenceS]""""‘"'"""""'"'""""“"""""'f ...................................................................................... 67

3. Viewpoint of technical evaluation of fuel reprocessing systems including fuel cycle systems:---+-++-+- 69
3.1 Evaluation itemS ....................................................................................... 69



JAEA-Research 2006-043

4. Aqueous reprocessing process ceencasadnesetansssotaiassasssnsasainessansintont nsntonnasa asstans iasarsusanssesens eessnsass sasnrsaer 79
4. ] TETOQUCHION ++++++s+vessererssstssrnreanttestseesst sttt a bt e st Lot s e b e s s s e et s s s e st s st et n s et 79
4.1.1 CUITEIIt TEPTOCESSIIE PIOCESS 7 1+ seesstesseessertstrsss sttt s 79
4.1.2 Outline of advanced aqUEOUS TEPIOCESSIg -+ +++++rrssseresssersssrssssarsssssessssissssssressessvssinens v 80
4.1.3 Previous investigation on advanced aqUEOUS FEPrOCESSINE s+ ++s+wsse-ssssrssssemsessisiussisssesisnssssenees . er 80
4.1.4 Supercritical direct extraction as an innovative method «-----sseerserersssrsnrniiniiiiniiiini. 81
' [References].......................,........... .................................................................................................... 82
4.2 Design for advanced aqueous reprocessing (NEXT) as a reference for oxide fue] -«-sesreerreseeneenees 85
4.2.1 CONCEPE OF PIANE r+r+rssersesstessrssrssessussatstsssissi sttt s teereesarersansinrene 85
'4.2.2 Technical evaluation -+« -----s--sseesserersseseses teererees e s 98
[References] s swessseesss reteernreenresessaeanenns Creeerteeseteeneseatesaraaesraesaesennesrnnenaas et 114
4.3 Supercritical direct eXtraction Process«s e e ST reneseseresaeees et snrsasaaie 152
4.3.1 CONCEPE OF PIATE r+++r+++esessssssersesssessenss s ettt s 152
4.3.2 TechniCal @VAIUALION r+---+-++srerrersrssrsssresserssmrmrsmsrsinssse e s ettt e e es it st st e nee e ba s et as s — . 155
[Rgferences] .................................................................................................................................... 159
4.4 Plant concept in transition period from LWR to FBR cycle system -« neeneeses eeneeteassates s 176
4.4.1 Scenario on nuclear fuel cycle and plant speciﬁcation‘--------------------"------------~~-"------; ................. 176
4.4.2 PrOCESS +++oveorerorereresesrertosrentcrmnaneeisntiisestisetontesconossericncsseseros . ...................................................... 176
4.4.3 Estimated COS’[ .................................. esesesssnsresasnnsencanerosssies 177
[RELEIEIICES] ++++wsreresessessrssessssnssnsrnserss sttt b s 178
4.5 Study of Various fUel CyCle SCENALIOS «++++++++rrwrrrrrssersssesssssrsssssssssmss ittt 186
4.5.1 Breeding FALIQr e reseeveerseses e be e nesseabiaeeabe et anr ettt et a s o et ha s sbessrsssnesarbeteratesasnnestebtetraeeeearsensarresnins 186
4.5.2 Fuel COMPOSIHION ++++s++ssersssersssssssssssssisss st eereree et ieeeseseteeserai s esseasonararan 186
4.5.3 Water-cooled fast TeaCtOR fUe] -+ ssssssssssssssssssssssssssssssinsissinsissssssssss s 187
4.5.4 Study of FP (1, Tc, Cs, Sr) recovery and target (I, TC) treatment -« - sssrssssisessssssssessssunsnssissssccs 189
4.5.5 System with CIm Storage for deCaying -+ - -r-srsesessssssssssrssmismsssssssssssrssssnnssessisssssss s snsrsssanses 191
4.5.6 Disposal of decayed S and SEeeresesrerenrrmremmertiiiiiiimiiciiiiis ittt s ane 192
4.5.7 VIDrOPACKINg fUe] --e+++++resserssrssessessmsssusets sttt s 197
4.5.8 Estimation of data for multidementional evaluation --=-s-+++=sssrreserersrrenireemniiiinartinserien it 198
[RETEIEIICES] -++rsrsersrssrsesssssssssssnsrasts st et ettt b 08 199
4.6 Application for nitﬁde fuel (coated particle and pelletized fuels) «+--remsereeseresrmrerenensnsssarercsiiniiinnn, 218
4.6.1 Essential Of IVESHAON s +rreessessssssssssssssesesit st 218
4.6.2 Plan ofapphcatlon ....... 219
£.6.3 PLOCESS ++w+-+erererermsserissesessssassssssesisssssamssassssssssssmssansessesssssssssssisesessbes s e b e bt et eb st s s s ra s ssesaees 220
4.6.4 EValugtion - cseseseeisserseres eeeeeeses e see e ae e ranaa it eesne e aneesanes e et st snen 292
4.6.5 Subjects of development ..................................... e asesemraiotettettactssensnsnsatarararareissseranans 223
[References] ............................................................................. eesnenenensse U : 226
4.7 Results of elemental REDD +++-++ressesessssrsererereersransaivasns cesatsernrsbensnststassmts s anenrenessresssastas s mennarsnanes 232
4.7.1 Advanced aqueous reprocessing ................................................................. s 232
472 Supercritical QITECE EXIIACHION t+rrrerrrrrreererssserermmerietruiiiemuititiiise sttt ettt ssstassstnsanessitores 234



- JAEA-Research 2006-043

[REEEIEIICES] ++r-reoesssssss e reesss s 236
4.8 Investigation on system OPHIMIZAtiOn = ---swwwsseresmssssrsmssrsssseessee B PRGNS 243
4.8.1 AdVANCEd AQUEOUS TEPTOCESSINE:+++r++stessssrssssrsssssisissinmmsssisstssissssius st S 243
4.8.2 Supercritical direct EXATACHIOL #+++s+rsresessrsressessbusessmsses bttt 247

[References] s weseesseresenesses eersreeaesneesraeraesateer et aases st as asa s b e s en e abbe s R s e s R s e sh s e e s n e R et s aebabsa s PR 249
4.9 Subjects of research and deVelopment s+ +twsseressersssemssenssssansesinsunsssesines e r s 254
4.9.1 TeCRICAL SUDJECtSH++++-wsserseresssetressseresssstrmsssssane et 254
4.92 Engineering'hot BESEerereesensse e s nsenens 257
5. OXIdE ElECHTOWINMNINE PrOCESS ++-r++ssssssssrrreetserssssssssssssssss s 259
5.1 TIEOQUCHONr++++++eserrresrarsesseressssusnesssstnmasassststas st b 259

[References] .......................................................................... asasecsscnsenessnessesasnttsisctosesaesoaresosrensEuratas 260
5.2 Design fOr TEference SyYSteMmr - ssssssssssssssssssssssssssssissssesssssssssssssssssssinsienss emearestsesassrasssssssensrsssasbases 261
5.2.1 CONCEPE OF PIANT+-orsssssreesssnersssssesssssessssrssisss it 261
5.2 TeChnICAL EVALIUALION +++++++e-++++-+seesersessersen ettt s 279

[REFETEIICES] e weseesrssrssesserstons ottt e 206
5.3 Study of various fuel cyclé SCEILALIQS *++++erersrersrssssesesesesesesnssssssssss st sses e e b sttt es 348
5.3.1 Study of FP(I,Tc,CS,ST) TECOVETY MEthOd -+ ersrsssseessssressssnsmssssesmusis st 348
5.3.2 Study of alternative MA FeCOVEry MEtiod - ++-+ssrewssseresssmmemssmmsseriis st 349
5.3.3 Estimation of data for multidementional eValuation = --«--«+=s=sssrrsreeesreresrreremsinninriiiiiiniieniiiainse 351
5.3.4 Evaluation of plant Scale effects«- -« serrwssreermsssermsimmmsssimsssisss s 353

[REfErences] -+ s ssseerssersssrsssemssesseesnmmenisensnssssinsinns SRR OO UOIUURTOR PRI 357
5.4 R&D results and teChniCal SUDJECES -+ +sswrwseessssssserssersssrsssesseasestssis it 366 '
5.4.1 Dismantling and decladding stepr--------rsssssssmmsssesrssssssssssmimm i 366
5.4.2 Electrolysis equipments-:-swsseesseereresss SOOI PO T PUR 366
5.4.3 Anodic dissolution Step ......... 367

5.4.4 CRIOTINGHON SHEp +++-+++rrsssessesssssssssssrsssssssessssns ettt s e AT 367
5.4.5 Noble metal FP Separation step ++«+-wsesssssssevssssssssesss SO 367
5.4.6 MOX CO-QEPOSHHON Step «++++++eerssessserssersserssstsssemssnsasinisiussisissiscsisiissesenees et 367
5.4.7 Spent fUel festrrssssserssrsssssssesesssssssnsssssenes ST et e et a et re et s ae ettt ene e n e ene rerrereeenene 368
5.4.8 MA TECOVELY STEP w+rrerersrserrresasssusssususmnisssestntacests sttt s PN 368
5.4.9 Spent Salt VILTIICAtion Steprs -+ +rssssressseessssersssstsessssetsi sttt e 368
5.4.10 CI2 @S trEATMIENt++++srreseesssesssersserssserssssssssensssiassesiisnisensees etee et e et es 369
5.4.11 Material handling and maintenance & reparing ereeeserereeesenset et et thar e e e e b e bt sreaseaaaens 369
54,12 Safety desigr s +rss-wssssreessreesssssssrsssssesss sttt 369

[REFELENCES] -+++rrsererssessssessssessssemsssessenss st bbb e 370
6. Metal electrorefining Process: ---swsremmsssssmsssssssssssssssssssnreness et a e 395
6. 1. TNETOQUCTION ++++++sesessersssarsssrsssssssemssessssermsssesses s e s e s san e an e e 395

[References] - - wessseesesserssssssnes F SO YUURIUORUURIUOION OO U R OO PR 398
6.2. Design for reference system(metallic fuel) - +-sirssersserssseresinsssssissirisins s s 400
6.2.1 Concept ofplant ................................................................................ e 400



JAEA-Research 2006-043

6.2.2. TechniCal EVAIUALION -+ +++++srrerreserererstrererssaraseresr ettt st a bbb a b 421
[References] - OO PPI 438
6.3. Study of various fuel cycle Scenarios -+ ettt bttt 491
6.3.1 Study of FP(I,Tc,Cs,Sr) recovery method :«rsewersesmsersensenionsssssnseenses ettt b e 491
6.3.2. Estimation of data for multidementional evaluation - -+s--ss-=sssssssrsrrmrerrmuminianiniiiiiuiiniieinisise, 492
6.3.3. Evaluation of the plant scale effects -+ swwssssersessssseunesses ST T 502
[References]- - eeee- b 504
6.4. R&D results and teChnical SUDJECES «+++++sssssesssrsrsssstusesssies ittt sttt s 514
6.4.1. Dismantling and decladding step:«- -+ ssersseerssssrsssssisiserimiiisii e 514
6.4.2. Electrorefining step s --+ssseessemsssssssssssssssasionss e 514
6.4.3. High throughput €lectrOrefiner -+ -+ -sssssesesssrssssessssesssssssssssinissssiss s sesssss s s 515
6.4.4. Reductive eXtraction of TRIS -+ sssrerrererersrsesstssessesssessssssrssssssssessssasessssssssensassssssssassesenens eeene 516
6.4.5. Cathode depOSIteS PrOCESSINg: +++++++++ersssssrsssessssssssssrssssotisssasissssssss s sss e sssss s 516
6.4.6. Sorption of FPs into the zeorite -+ OO OV OO UUUORU PRt 517
6.4.7. Waste form of the spent salt R rveeerrienenienaans zetuassesesenes e 518
6.4.8. Operation control and critical Safety 518
6.4.9. Confinement of the radioactive materialg «--«------rsssrseeerees e et 519
6.4.10. Protection against fire and explosion .................... Veeseees R R R onvoes cravrenseasenien 519
6.4.11. Special material ACCOUNTING --++-++++srsseresseesssrssssssssssssssssesinnsraanens ettt st et sa e neerenenean 519
6.4.12. Overall operationability and frequency of equipment replacement----+--+- e AMALAIILELLY 519
6.4.13. Licensing (operation control, technical standards, etc. ) «wesesereeesmmm, 520
[REFEIMOES] cerseresseresssensssrnsnersrarses sttt s 521
65 Development of engineering hot test facility ................................................................................. 537
6.5.1 PLOCESS +++e+errereerersesssssesssnmssassessenssssnssssessssesesn ereeenes et et e 537
6.5.2 Instrument * equipmént ..................................... RRRII g A seseessersorseses 538
6.5.3 Building costs evvaluatic)n--; ..... eerereeetreeeesasretesantaeeratesearatesessbtesartstesasnsiseeesernteenernsesraneerineseaane 543
7. FIUOTIAE VOIALIIILY PrOCESS =+ seeresesssssesesersssssssssssssssssssissssssnsssss s ssssssss s s 547
T 1 TOEEOQUGHIOEL -+ ++++veererersrrsesssreessnrmssiorsneesseerisssssssecssssessesessnesssssessssssnesssenseneesssnsns reeenerernreansnnanne 547
7.1.1 Developmental background I0 €ACH COUNLLY ++++++vesersestesrrusismtist st 547
7.1.2 Developmental background in Japan .......................................... B R 548
[REFEIEIICES] - ++++w+ererserererssersetontarins ittt sttt sttt SRR 549
7.2 Development of fluoride volatility process in phase II study and future plans -=-+------ssseceesreneeeace 551
7.2.1 Development of fluoride volatility process in the phase I study ««=-+-seessesmmsersasseseinenicnenives. 551
7.2.2 Futuire development plans - -----s-sreresereressssmesssmsssssnmsssssissssssese : ettt nae 557
8. Summary of technical evaluation of reprocessing SYSTEIIL +++seesesrrssrmssssinstrtttiir bt 557°
8.1 TIEOAUCHIQ -+ +-++++srrersesstsresrressesussassrersississesssessns e srssaes s essasesesas st eaesae sk eabansbbrsneneeneancans rree i 557
8.2 Technical outlook of aqUEoUS TePrOCESSINg ProCess -+ -+ wwrsserssssessssseuses et 561
8.2.1 NEXT(advanced aqueous Ieprocessing Process) -+ s+ swssussssssssseress ettt rnrate s e s ra s esraesnrens 561
82.2 Supercritical direct extraction PLOCESS H#+resrsrstsssatrrt ittt sttt st e 562
8.2.3 NEXT (application for nitride fue] )« wssseessesssserssssssssissicnsissnsisesnnes et e 563



JAEA-Research 2006-043

8.3 Technical outlook of pyrochemical reprocessing process: - rteenteeeerieareeeteearaeenseesereessrreesanesass 567
8.3.1 Oxide electrowinning process (OXide fuel) «ewessseeeserssseeriesimisenmisinissisisengssss s reverene 567
8.3.2 Metal electrorefining process (metallic fUEl) — «-rwerererresssereremmmn e veeree 568
8.3.3 Metal electroreﬁrﬁng Process (OXide fel) swwrsssssersssssssemsmmsssisssmsssssinissssisimsss s 568
8.3.4 Metal electrorefining process (nitride fuel) «--sreessersssermesssmmsscnisiensinsssssenssinees eeeenerireseraes 569
8.3.5 Fluoride volatility process (oxide fuel) +rwwsssssssssssssssessssmmssssissssssssisinnne sreerneenaeaeseisissessensees 5G9
8.3.6 Fluoride leatility process (nifride fUel) «sresesssseeeressesssmsssensesmiessssis s 569
8.4 Relation between plant capacity and economic competitiveness «««-s«ss«sesse- P 577
Appendix 1. Reactor core and fuel specification for multidementional evaluation «-«-«-s-sssesrersrersenenenerees 581
Appendix 2. FIuoride VOlatility Process «wessssssisesssssssmssmnsssssisisssisssssisssssssss s s ssesss 603
Appendix 2.1 INErOdUCHION:++s+s-ssrssesserssrunsrmses ettt 603
~ Appendix 2.2 DevelopmentaI DACKEIOUN ++r+esersersersmssmssmsmsnsissnisnnnesnisienss e RN 604
Appendix 2.2.1 Developmental background in fluoride volatility process «-«+-ss-ssssssesessrseerescnes ereneeener 604
Appendix 2.2.2 Current developmental result of fluoride volatility process and subject:-+-«-=+:s2es+2-- 607
Appendix 2.2.3 Recent domestic trend concerning fluoride volatility process development s««=++reeevesee 608
Appendix 2.3 Fluoride characteristic of material related t0 used MOX fuel--seeereereresesesensssernsneeienenss --619
Appendix 2.3.1 INtrOQUCHION-+-+++sssreserserssmsmsrms sttt s 619
Appendix 2.3.2 Physical properties of uranium and plutonium compound:s«-:s«ssssssssssessssessmssssassncserecs 619
Appendix 2.3.3 Fluoride characteristic of uranium and plutoniums-«-sssssessssessererassemssssssenenssescsaceenes 620
Appendix 2.3.4 Consideration by MALT2 -+ e eteeeereeeieeeessssesseesssesseeeessressiraeseessssenensnsessbes e 626
Appendix 2.3.5 Summary ...................................................... rteerreerreteeteetesteete e bes e neresate e nesbs s rae e 630
Appendix 2.4 Vapor pressure of material related to used MOX fuel and limit of -
fluoride volatility process ...... e s 642
Appendix 2.4.1 Introduction-----+--- eeeeetesteseisasaessenserssnseasans T T o 642
Appgndix 2.4.2 Vapor pressure of TRU and FP fluoride -«-«ssssssserereenerrrnurnensnaniecence, eereresrasereriiiraianiniens 642 ‘
Appendix 2_4.3 Limit of Fluoride volatility 3ot R 642
Appendix 2.4.4 Summary -+ s etereeiereseresseerursesasssetennsetannteneseet stnrsesarestrasentnrersanonn 643
Appendix 2.5 Development of fluoride volatility process ....... 650
AppPendix 2.5.1 TrOGUCHION: =+t s sssesssssss et 650
Appendix 2.5.2 Application to fluoride volatility progess ssssssseseeess eeeteteeereee e ere e sraeanesantans 650
Appendix 2.5.3 Sorption process ..... i 654
Appendix 2.5.4 Fluoride volatility process flow::--sseseeseeuseies: ............................. ebsesassesssesas 658
Appendix 2.5.5 Subject of fluoride VOIatility Process -+ +s-sseersssssssstermssiessrisssssesemissensinsssssssissssens 661
ApPENdiX 2.5.6 SUMMALY -++++rerssssseseesssssseressssssssssssssssssesssssnsesessones eereeetenerebeerrsbeessaethe e et esare s e ennees 662
[References]-'------'"------"------------""'------; ....... rreeeranaane .......................................... 664
Appendix 3. Accuracy imprdvement Of €CONOMICAl EVALUAHION *++++++eseerreresesserarsessessessansnnsses s 671
Appendix 3.1 Development of cost evaluation model for fuel cycle plant:«:-sesesessesesisrscsenssmnnsnenaes 671
ApPendix 3.1.1 INIOUCHON:«++++++wsserssesssmssersess sttt e 671
Appendix 3.1.2 Target of assumptibn ....................................................................................... eeerrenaneas 672
Appendix 3.1.3 Probability diStribUtion CUIVe s+ e-rsssssssssererssssssmsemsissssessieniiii s sssanas s 673



JAEA-Research 2006-043 -

Appendix 3.2 Results e OO URNN 673
Appendxx 33 Adaptablhty ........................ eeeueeeenrerareetearetynaeenner et tearstaetanetrraesthaettesteraseraserearterouis 673
Appendix 3.4 Accuracy improvement of economxcal evaluation based on construction experlence
of ex1st1ng fuel cycle plants T P T T T Py SITTRET Rttt 67‘7
Appendlx 3. 4 1 Introduchon ................................................................................................................ 677
Appendix 3.4.2 Estimation ofbulldlng COSE +++rreerersrssesseninmmesssiatistiinsttsns ettt sb bbbt 677
- Appendix 3.4.3 Tendency of main variable factor -+ eeeesnteaseeeiatestsesibareaaenesanasansssetstnebesatessRtosatsses 681
Appendix 3.4.4 EStabliShIment OF LNt COSte-«+++esesesseseerenserearrsssesssssssssssssresssersesesaess et 682
Appendix 3.4.5 Summary ............... TP P PRI 683
[References]...........; .......................................................................................... fesescensearesecerarsessrsrans 685
Appendlx 4, Study of reduction of enVironmental burden .............. R AL 695
[References] ..... PR s s R . Cererarsarererrirrssessasrssesearense cennenens 711
Appendix 5. Study of safeguard for advanced recycling facilities -+ SO OOV S 727
Appendix 5.1 Identification of proriferation resistance and safeguard characteristics:«:««-=sssssesseeseres 727
Appendix 5.2 Applicability of current safeguard technology «« +ssssssses- s 731
_ Appendix 5.3 Study of evaluation of proriferation resistance and advanced safeguard method----+-+-++* 733
Appendix 6. Trends ofreprocessing technology development ...................................................; .......... 737
Appendix 7. Application of metal electrorefining process to other fuel >forms --------------------------------------- 753
Appendix 7.1 Application to oxide fuel «++--e---- e s 753
Appendix 7.1.1 CONCEPt OF PIANt ++++++esseresserseriristisismittrt ittt 753
Appendix 7.1.2 Technical @Valuation «+:-+-«sssecsessesessmentustnsrmen ettt 766
Appendix 7.2 Application to nitride fuel (pellet fUEL)  correrreeenrere e 795
Appendix 7.2.1 Concept Of Plant «+++++eessessesesuersensuseemscusisicuinsisisnsssninacs S 795
. Appendix 7.2.2 Technical evaluation P T PN 803
Appendix 7.3 Study of transition period from LWR to FBR cycle system ««--ssesesseressessessiscnenscnennens 827
Appéndix 8. Technical evaluation results of reprocessing systems reviewed up to date:««-+s-seseeeeuesees 833
Chapter III  Design for fuel fabrication systein : 841
1. Evoiution in phase [T «-eeeeeeesesmsesniieicnn . seesessenenenennae S U OUURR U 843
1.1 Reference SSHEIL ++svserssesemensss sttt e 843
1.2 Systems for multidementional evaluation:++++--+ .................................. eeveeeeneens 843
2. Policy of correspondence to design reqmrements ............................................................................. 846
2.1 Design conditin for fuel fabrication System -« +s--ssssssersssrsesssssssasancans e s 846
- 2.2 Basic concept of system design----"----------"-----; .............................................................................. 847
3. Viewpoint and method of technical evaluation -+ -+s-sssesssrsssesssssssmmnsessressssessinseeenes . 348
3.1 Viewpoint of technical evaluation -+ «-seesssssrsisnssinicens eensanssssersasnensessensassaaressessanee 848
3.2 Evaluation method sroreerrererrrreresimmiiiiee ettt tarieietatrttttttiiiiitcrsaseestctssicantnststrescrcatciessnes 848
3.2.1 Evaluation method 0f eCONOMY:+++s-sssssesssrrnsessessessssisessssssisesessisesiacens SR SO 849
3.2.2 Evaluation method of environmental DULEn -+ -+ +-++eseeresersssrsrsrerresisiseesereissssessssessssssisaesssassesis 850
4. Pelletizing Method--s--rrssstsseersssssssessss st et 855



JAEA-Research 2006-043

4.1 Simplified pelletizing fuel fabrication system for MOX fuel »+-esereeeusererreseesees Presnenesseeste e 855
4' 1 1 Design for reference SyStem ........................................................................................................ 857
412 Study Of Various fuel Cycle Scenarios ........................................................................ wesssssarsesiansans 890
4.1.3 Results of elemental RE&ID weerererrerserressessessrmmmmiiniininiiisi sttt st st - 903
4,14 SUDJEOLS OF R&ID rrrer+++++ssssesersssseees s 905
4.1.5 Hot engineering test FACHlity +veeeeesseemsseemssessenmsssonesenssss s erressesanetesnesnararanaanasnesasetestonts 907
4.2 Pelletizing fuel fabrication system for nitride fuel -+ wsseeresssesssssssmnsssenssenseem s 084
4.2.1 Study of various fucl cycle SCENATIOS *+reerervnrrsrannsnenes P T P ET P T TI 984
422 Subjects OfR&D . ....................................................................... 991
[References] ...................................................... T T TR T ....................... 993
5. Vibration Compactlonmethod ............... 1011
5.1-Gelation-sphare-pac fuel fabrication system -+ rerereest e b e b e b e s R e s b e s Rt e s Re st e et 1011
51.1 Desigri £OT TETETENCE SYSHEII -+ erssersseessersssnssussims sttt 1011
5.1.2 Study OfVariouS fuel cycle ScenariOS ......................................... z .............................................. 1031
513 Hot engineering test faClhty ...................................................................................................... 1034
5.14 Subjects OfR&D""'"'""' ............ ssmessssesteannesesennnnn resoen l 034
[References] .................................................................................................................................. 1 03 7
5.2 VIPAC fuel fabrication system .................................. 1058
521 Design for reference System ...................................................................................................... 1058
522 Study OfVa.rious fuel Cycle ScenariOS ........................................................................................ 1073
523 SubjeCtS Ofresearch and deVelopment'""""""""""""'"'""'"'""""""""""\""‘ .......................... }075
' 5.2.4 Hot engineefing test facﬂlty .......... R 1076
[References] ................... 1078
6. Casting INEthOd +++sereersesermserermssmnenesinnssasnsssbensusnstinsnenns e weeeenn 1099
6.1 Metal fuel fabIiCatiOn SyStEm e -+ ++sssssrssrssssrssesssserssssessstassctias st 1099
6.1.1 Design for reference system-+----- e s —— 1101
6.1".‘2 TeChnical @VALUALION -++++++e+tsrssrsrnrrerrerinrinnntttts ittt bttt a st sttt se et 1130
6.2 Study of various fuel cycle scenarios eeterueetesterteareeeteeeete it oo e et s b e R e e e s Rt e R a e R e s b et e s s 1161
6.2.1 Comparison between referenceed core design and high exit temperature core design -« 1161
6.2.2 Systems corresponding to high breeding core and DIEAK-EVEN COLE - ++erserresssersssersissennisssnssssssinans 1161
63 Subjects OfR&D ............. T T T T XL LTI PP 1170
6.4 Hot engineering test Facilify -+ sesssseessersssesrsmesimis sttt s 1175
6.4.1 Outline of facility «+eseeeeeeremsrmsmmrmmminmmnne e eresersienes T T TSP 1175
[REFEIENCES] -+ wvwrerrerserstessesemssnssmssmsuintar st DT IR 1176
7. Coated PArticle MEhOd -+ sswrrssseresssssssssssssssesesss et 1177
7.1 Coated particle fuel fabrication system --:-s«ssseesesseeees S U UU 1177
7.1.1 Design for referencé system ............... 1178
712 Technical evaluaﬁon ................................................................................................................. 1200
7.2 Study Of Various fUe] CYCle SCENALIOS -+ ++-ssesrsseerssssresssirssssosssesiss s st 1228
7.2.1 System corresponding to high breeding COLIE +erererssasssssensssassasassasasssesisessbssssssssanstessssasssassssssssans 1228 .



JAEA-Research 2006-043

722 SYStem corresponding to break_even COTE *verrerrorsressottesustoriintiioiitrateniateintiteorasanses aescsereceenennse 1229
73 Subjects Of R&D ................................................................. T P L e Y LT DY DL LR PO ST 1 235
[References]"--"----"-'-"-'"""‘""----'-"-"-'---'--; ................................................................................ 1235
8. Technical review of fuel fabrication Syste «++ e sswsressresssusismenimnmtisisiss s 1239
81 Slmphfled pelletizing fuel fabricaﬁon System .............................................................................. 1239 '
8.1.1 Reference system-+ - S OO OO OO RORON 1239
8.1.2 Systems for MUIAEmMENtiONal EVAIUAHION +++++++-s++reerrrersessrarssrmsmemsssissssssssasssssesianssssssssnssnsssens 1241
8.2 Sphare_pac fuel fabricaﬁon SyStem ........................................... Seseranseses et e oe 1241
821 Reference System"" ................................................................................................................... 1241
822 Systems for mulﬁdementional evaluaﬁon .................................................................................. 1243
8.3 VIPAC fuel fabrication system: -+ sseeeesssrserisennienenns eeverasrearenesnierenrirntsetrrssnssenrernsanarasasereasas 1244
© 8.3.1 REfCremCe SySLEMIr -+ srsseerssssssssssrsisnssussssisssssiassesss s ss s ss st ssns R 1244
83.2 Systems for multidemenﬁonal evaluation .................................................................................. 1245
84 Injecﬁon CaSting fuel fabrication SyStem ............................................... LT LTI PTU LTIV TTTORIPRP LTS 1245
841 Reference SyS’[em .................... erraeseinerenasronassrasosnnnes _........................; .......................................... 1245
8.4.2 Systems for multidementional evaluation -+ -+--sssssssssssesssens ereree e et e e bt enn 1247
85 Nltrlde fuel fabricaﬁon System ..................... L R P LR LR L L L I LT T L LT PE PR ETPR 1247
8.51 Nltrlde penet fuel .................................................................................. escesesceessascrnenisansanenurennnn 1247
852 Coated nitrlde particle fuel ................................... .......‘..........-..............' ...................................... 1247
. 86 LLFP ...................................................................................................... S 1248
8.6.1 LLFP target assembly fabrication System .................................................................................. 1248
862 LLFP driVeI' MOX ﬁlel assembly fabricaﬁon System L R P LT T R PL T SR PR PRSP PP PR PRI 1248
8.7 MOX pellet fuel for LWR -«eeseeseesescsniannnsinnniiens eeeteeteeessteeiestintaretiattattenitittetareterane TITT 1249
tReferences] T SRR s 1250
9' Summary ...................................................................................................................................... 1261
Appendix 1. Consideration of sampling method for VIPAC method «««-«ssssesssssesmresescsesenseniiiiinninnes 1263 -
Appendix 1.1 Granule preparaﬁon PTOCESS «rmtrssesseresessrennustenterssstttninnnsrtttttiieasttisetresstie e ntra st 1263
Appendix 1.2 Variation factor of averaged Pu CORent -« ++ssssessssssrsrisssssssemnmsssiensisissssssinn s 1263
Appendix 1.3 Setting of variation factor of Pu COTEIIL +++++rerseererrsseinssrermamsnssssassssssssesassesssssssessasassaen 1263
Appendix 1.4 Model of Pu content of granule-+--- eresnenaens L PP OO 1264
Appendix 1.5 Error propagation of Pu COMEEIIL ++serereersreieessrmeessncans e 1264
‘Appendix 1.6 Calcurated prediction of variation of averaged Pu content of mixture of different
PU CONTENE GIOUPS ++++weseresressssesasmsssstrstst sttt et 1264
ADPPENAIX 1.7 SUMMIATY-++e+ssesersesrersessssssmsssiusssittisi sttt et 1264
Chapter IV Technical evaluation of { uel cycle systems 7 : 1271
1. Multidementional evaluation of candidate cbncepts Of FBR Cycle ereesreererrsseminiannniiineiineicenn. 1274
1T PURPOSE 1++++sseeesssssssse s ' ................ 1274
1.2 Data for multidementional evaluation -++-----+rerseersrtetririmiartirii e 1274
1.3 Evaluation method «--«-:-+ss-sserereeriorsermmanuniasnniinnns e 1275



JAEA-Research 2006-043

131 Reprocessing Sys’[em ........................................... T TR T R T 1275
132 Fuel fabrication System"""" .............................................. 1277
1.4 Results <+ rererarsesrnennssheiestrareeresanennnrann O U SO OURSUOUP PO RPN 1279
2. Economcal evaluatioﬁ Of fuel C}’Cle Systems .................................................................................. 1291
3. Summary of technical evaluation of fuel cycle systems -+ reerereeerereaesaeeneenans rerereeeereanene 1294
3.1 Combination of advanced -aqueous reprocessing process and simplified pelletizing fuel
, fabricaﬁon proceSS for OXide fuel................................................ ................................................ 1294

3.2 Combination of advanced aqueous reprocessing process and sphere-pac fuel fabrication

process for oxide fuel -+ T eteeeereeeeeseesteseaasnaneaeesasaaasattasees b eetessieesanarteseesessanranees e 1204
3.3 Combination of oxide electrowinning reprocessing process and VIPAC fuel fabrication

PrOCES FOr OXIde fel -+ errsseesseressersissssrmssemis sttt 1295
3.4 Combination of metal _electrorefining reprocessing process and injection casting fuel

fabrication process for metal fuel ............................................................................................... 1296
3.5 Combination of advanced aqueous reprocessing process and coated nitride particle fuel

fabrication process for nitride FUIE] tevreerrorereenrenrree ettt s s s e 1296
4. Evaluation of technical feasibility for practical use -+ . ceevereeraenne eerrrerreeres e SO 1300 .
Closing remarks ' 1311
ACKNOWIEAGIMENL -+ ++wstererereser sttt e 1313
GLOSSAIY#+++er+ssssrresesessesess et e 1315



BfE

(29

IR B S %7 A OREHER

BIVIE BEYA 2NNV RT AD T =—X 1 OEAEEE

kb

Wiz

EIE BEYA I NV AT AOT 2 —X L BHORS
HIE BB R T AOREHRE

m:‘

<PTiE (20064 3 HEFR) >

€9
@
3
@
®)
(6)
¢))

(®) BATRHIERT RFASINHAD B HTER

B ARR-F BT B s
B AR AR R
H AT AW FER S
= S AL R
B AR AT B se g
H AR F HBT TR S
B AR BT S

JAEA-Research 2006-043

3B HEEYRF

PR =IO,

PRI,
PERBEFIO,
PO,

REFINEEO,
Vi 40N
EHRE—O,
HE O Ehe
I EEO),
FRREE,
T RN
kR,
R EIO,
R F SIS EM  FBR A / ARiEx =y |
KRBT AR IEBISE R RgeRI Rt
KR RS - FBR %A 2 ABEE== v |
KRBT HFFIERISETE  FBR BB A 7 L2=v b
HARIETF HIRBIRE FBRRE A 7 4a=y |
KHARF IFSEESEEM FBRRBY A 7 1a=y b
BRI 1 7 L TR

VAT NTERBE IR

RIS, PO

BINEES

W eES

EAgTn@, mEEY,
/NREREE®, JLBE—O,
RA—FO, REMHO,
PHRGAO, PR,

FFHWEO, IO E—O),
/NFnZE®
WINEES, @,
G N T
)1 EKE

FBR %1 7V Gr
HAOBE Y RT A Gr
PREHLE S R 5 A Gr
X HLHE Gr



JAEA-Research 2006-043

Appendix B. Major Contributers

(in no particular order)

Koji Sato" Tatsuya Higuchi® Kazuhiro Koike®
Yoshikazu Koma” Hiroki Nakabayashis) Shingo Haraguchi® .
Takeshi Takata®” Shigeyuki Nakanishi® Satoru Ishii®
Kimihiko Yano® Kazuya Ohgama’ Kenichi Kurisaka®
Ippéi Amamoto” Tsuguyuki Kobayashiz)* Fuminori Sato®
Shoichi Kitajimas)* Takashi Namekawa® Koichi Kawaguchis)

Hirofumi Nakamura?

March 31, 2006

1) Advanced Nuclear System Research and Development Directorate

2) Reprocessing System Design Group, FBR Fuel Cycle Unit, Advanced Nuclear System Research and
Development Directorate

3) Technical Administration Section, Nuclear Cycle Engineering Department, Nuclear Fuel Cycle Engineering
Laboratories, Tokai Research and Development Center

4) Pyrochemical Reprocessing Group, FBR Fuel Cycle Unit, Advanced Nuclear System Research and
Development Directorate

5) Former Reprocessing System Engineering Group, System Engineering Technology Division, OEC, INC
(Presently Central Research Institute of Electric Power Industry)

6) ,FBR Cycle Group, FBR Cycle Synthesis Unit, Advanced Nuclear System Research and Development

- Directorate '

7) Research and Development Co-ordination and Promotion Office, Advanced Nuclear System Research and
Development Directorate

8) Fuel Fabrication System Design Group, FBR Fuel Cycle Unit, Advanced Nuclear System Research and

‘ Development Directorate
* : attached from The Japan Atomic Power Company (JAPC)



EREAR (SI)

#F1. SI H AT
EARBL 2. EARAE A TE S NS SHY ML Y]
P L Z3 _— ST EARL %o, 5 PO
A% mE = Bk = R | o | sen [Gen | B | w9
E A - FA|.m BT 5 £ — T 7 T E I O A A
" Elxur5 4| ke s By = 2 — by 10 € ¥z | o10? fE
s, ® OERA — 18 g v F c
woom s g HE LR 0% = 7 % E |02 |3 Y
;ﬁ m~ﬁ7‘/’\o7 N o o A, /_ﬁ?i’:ﬁfcﬁ n/s 1212 ; | P 10:; ~42zu| q
BAHFRES VL € | K BE (FEEE) |xo 75 nEsrEA— b rem® 100 1% ;j i 0 A
W B &fT Vvl mol Eiﬁsﬁ (LFBD) |3k A — PR ST A m%z/l:n 10° | A i v e c N
* Blh v F T od B it ® K7 NTEEHA— A N s HoMoL 10 7= AR
A - B R 0 B XFTYRT7TEA— b 10 * al ok 1077 M a
%%’EE@) wEle v E2F 2 — A nol/nd ig' ~7 M h e N
& i 537‘](%/(7‘@7)’@32175%_ F Y Cd{m2 Z_ A da J 103 7 B y
3. EHEOLFRLZOME DTS TRENSSTH B #6. ERBAREEASNDPEREMCRICES ZVBA
T ST HLE B fiL B wE ST Bfriz £ DI ‘
2 g | BOSIEAI X% | SIEARMLIL L5 5r min |1 min=60s
S:'[; & falz o7 v @) rad M =) i(l)ljj Héf b |Ih =60 min=3600
. * Blzrs o7 @ @ e B S [T e
1A w #l~ n b4 Hz m_l-m =1 N s bl, =(7x/180) rad
A I ® o 1o S0 (o cdanon ra
) T < = i kg " s : = =( 7 /648000
ik un il 2 2 O i w! kg ot O N 10 e
T =, mH #EY v M W J/m ' kg - s* s ¢ 1t=10° kg
'%J‘ﬁ , B &R B — uvu v C s mtekges® Y Np [1Np=1
Wik G | @RAK w N R R P/ o)
% 2 g B v 7 F F c/v ::z.kfils 4A!2
:'Vﬁﬁﬁ/;f?;“;/i 2 v/ “"Z'lﬂzg's’as-;x‘[z
i e
ﬁi e = 2 A w \;\{VS me ke _Zsa -_A2 ®7. ‘Eﬁ?‘i%&ﬁ?ﬁﬁén:m:ggm\g@&@
% % & &7 x5 1 My w kg e sl A7 SIBI TR EN D HENEROITEOND b O
N N . ‘b/m e g2 AT = 0
A 7N vy o o kge st ont A% 5| S| B ChLDENDEIE
M vy R R EervoxEY T . ~kgesT oA ;~¥ﬁ R A MeV J1eV=1.60217733(49) X 10 ]
% s — 2 o I - 2 fggﬁﬁ u |1u=1. 6605402 (10) X 10 V'kg
o] i 0% y 2 1x . 2 m2 m_4 « cd=cd B A7} ua [lua=1. 49597870691 (30) an
o) s s v B e ol odmm e od )
L , BRI, s’
g;ﬁlﬁig },;] ﬁﬁ—‘ <] 7 v A Gy J/kg R
= , JADHEY BRIz N
R, HtARRLE, E — <A b sy ) ®8. ERBLRICES 2V SERER L
A R, A B VAT A e ShdLomn M
S —— = : BB ] ST MU ChLDENARIE
T B, ALRETH-THRRS R a 2 1 #52=1852
%?5&3?@M—$&O§LﬁkL’C%IJ,-{%#S&;@ %j;{%g%tﬁg%%of:aéﬁ J v k 1/?%:1%2 _
P 4 RS TV B, o METAED L XDV DD 5 Z W , 5= (1852/3600) m/s
(b) EERIZIE. BEAT AHICESradR Usr BBV LS 23, 3 ~ 7 5 — a |1a=l dan’=10°n’
( )%?J%‘Eﬁ “17 BER SR, BH, BWE L TRISIEML L LT N7 ;t :a Lha=1 hn’=10'n’
((ci) ;%;Eg‘ %Ziszgﬁﬁgﬁzsr%wﬁmﬁ LEDOHIZEDEEMHERELTND AV AbE—A ;r ikE{ZOi;:P?(:)‘l‘%ma:l000hpa:105pa
N < YYAEMCO L ) ICSIHEHEE > TRVWTHR ’ a — : 100610
: v, b [1b=100fn’=10"
F4. BoRCEBEOLHE£OMEORS & TSN EMOH
AR B ST FRNT BN :
B E/\ = %ff N B EE% ST EABMICLDRLE %9. BAOEHEELCCSHNEN
/) . =1 S N =} (Lo
noow - gy S B k] N B Ch b b & A BIE
£ % e bomA— ] Wm lgee? 5 P 7)o erg=10" J
ﬂ; " : . B ? / 7 v &\ B rad/s mg. m—st. - 1 i 7 ; dym (1 dyn=10"N
o B ’}ﬁ A B 7y 8FFW rads |nom'- S Z b = P |1 P=1 dyn- s/cn’=0.1Pa - s
R A s Wi fkges PR I =len’/s=10"n’/s
) | a—ng oy H Y 16107
EME R (LREE) ,“/‘;—/V—a:;ﬂ/l—:/ /K | ekg-s2-K? T A 25 v K| e lge 107°T
it c = PN (1000/4)A/m
o I/*} z v —fgrarey I/ kg K |- 2K} - 7 A ¥ oz M Mx {1 Mx "10°Wb
Aox -l . A 4 2
(= % 4 F —) Ta—=NVEFuTT A kg ln?es?oK? - F N i Z: i sb =1;:d/cm“=104cd/m2
h=10"1x
a , o _ H o .
a = zgzvé‘;ﬁ} MYET @K |a kges? oK M Gal |1 Gal =tew/s"=107n/s’
wom o= ok oa % —DETAMEIEASRL .
m m ckges
g8 R o # sFArsA-tM Vo fookgesen? i
#* B & |7 —EvBLEA- S 10 ERELCRS 20T OMOREOH
Y o/t fWeseA E-Ls 5| S B ChLDENBRIE
- & % i Z/—myﬁq@,—;_}\ o e t S ‘/"b, —[ci |1 ci=a.7x10"8q
. ) m fmescA - ¥ R j1R=258x10"
g % iz 775 FKEA— MM F/m |wdekg?testea? 7 Ff rad J1 rad=1cGy=1(1)‘2(;§/kg
4 o= % s e ) —fgA— b/ Wn o |n-kg-s?ea? v ‘ A rem |1 rem=1 cSv=10"Sv
L - S ]1 1/3‘/ l:? _:j - :ﬁ;v ﬁ/—% M J/mol  nf kg s mol™ );57 # ‘/é {i IX unit=L 002X 10”'na
=, |[¥a—IET < - —1p-
z o R RS BTN ol + K)ak - kg + 57+ K+ mol”? Savaxo R iVinlgglevo-gT-%H -
lﬂfﬁﬁﬁ (Xﬁﬁ&(}v M) |[7—nr@Exasal Che |kg'es-A 7 o= 3 1 Termi=1 £ae10"n
o % i}ﬁé ®7 v 4 & B Gy/s |ofes® A—INFRHT v b | metric carat = 200 mg = 2X107
Evy VEATTOTY] Wer it en?ekge st 3 b M Torr |1 Torr = (101 325/760) Pa ke
wooH W 7y MEER A b geslen kgt RO K RO et ] etn =
Elgzs507 MW/ s o m? kg skg v 8T Aoowm J —| cal o0 = 101 9% Fe
* =Kg * § >
- A - B N B WS T S U

(8 7ThR, 19984E2ET)



