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CYCLE SYSTEM (PHASE I) INTERIM REPORT
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Japan Atomic Power Company

Abstract

Japan Nuclear Cycle Development Institute (JNC) and Japan Atomic Power Company (JAPCO,
that is the representative of the electric utilities in Japan) have established a new organization to
develop a commercialized fast breeder reactor (FBR) cycle system since July 1, 1999 and feasibility
studies (F/S)*have been undertaken in order to determine the promising concepts and to define the
necessary R&D tasks.

In the first two-year phase, a number of candidate concepts will be selected from various options,
featuring innovative technologies. In the F/S, the options are evaluated and conceptual designs are
examined considering the attainable perspectives for following: 1) ensuring safety, 2) economic
competitiveness to future LWRs, 3) efficient utilization of resources, 4) reduction of environmental
burden and 5) enhancement of nuclear non-proliferation. The F/S should also guide the necessary R&D
to commercialize FBR cycle system.

This report summarizes the results of F/S in JFY 1999 as shown below.

FBR has characteristics such as Pu breeding and TRUs (transuranic elements) burning for efficient
utilization of resources, LLFPs (long-lived fission products) transmutation for reduction of
environmental burden. As these performances are determined by reactor core design, the whole of F/S
will be leaded by reactor core design.

The characteristics of core depend on the combination of fuel types (MOX, Nitride, and Metal) and
coolants (Sodium, Heavy metal, Gas etc.). In order to attain the target of core performance, the
promising combinations are selected and examined.

In the studies of FBR plant system, it is the most important to decide economic cfficiency. In
JFY 1999, promising options are assessed. And candidate plant concepts will be examined in JFY 2000.

In the studies of fuel cycle system of FBR, the technical confirmation of pyrochemical
reprocessing will be commenced as well as reviewing hydro-reprocessing drastically. In JFY 1999, the
technologies of reprocessing and their related fuel fabrication are evaluated and main subjects to be
solved are picked out. In JFY2000, the solutions of subjects and economical level will be prospected’
and the promising concepts will be shown.

In JFY 2000, several candidate concepts for the commercialized FBR cycle system will be selected,
taking into consideration mutual consistency among reactor core, FBR plant and fuel cycle system as
the integrated FBR cycle system.

This report is the outcome of collaborative study between JNC and JAPCO (that is the:

representative of 9 electric utilities, Electric Power Development Company and JAPCO) in the
accordance with “the agreement about the development of a commercialized fast breeder reactor cycle
system™. '

This report includes the outcome of collaborative study between JNC and Central Research
Institute of Electric Power Industry (CRIEPI) in the accordance with “the agreement of collaboration
about the research and development of atomic energy” and the technical information offered by
CRIEPI, and also the outcome of collaborative study between INC and Japan Atomic Energy Research
Institute (JAERI) in the accordance with “the agreement of collaboration about the development of a
commercialized fast breeder reactor cycle system” and the technical information offered by JAERL
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BEE. EA/RTN T 7Ry ME, HIBEHND ZBIE

4S8
Super-Small, Simple and Safe. ENHRMFEN TRES NABFO TS >
MR, RENALREEBREEZFLEFOEGICEDIESK WA AT AHMRICTS &
EDIT, BRHIF (1 0EH). BB AT AELICERZRRETLSIEE
BeL=75 > bR

ANL (7)o XEIHRER)
Algonne National Laboratory. KE LRI F—BE&TOWHRHR. TV /1ET
AT FRICZDDOWMETNH 5. EBERFEMR. BEMREROSE - 28, T3
F-HFRRARBIUOREEED 4 DOSBH THEREZT> TS, HEEEHK 4500
Ao

BNFL (CGEERTFRHAH)

British Nuclear Fuels Ltd. BNFL {3 1971 £ICEEEF /120t (UKAEA :
United Kingdom Atomic Energy Authority) O AEEE MM T B I ik > T
MEN. TNETURKAEA MTo TWERBY A JNEBEFIEHE, ZEICBT
SEc, B, RENI. BUEE W RERFREY 1 VI E2RIChI-2E% 21T
2TW3,

CDA (fF.LEEHEW)

Core Disruptive Accident. HCDA (Hypothetical Core Disruptive Accident
ABRF ORGSR SbREIENS, —RICFBR TiE, 77> hoRed 23 M
LZEDDFEHREZ/ELTH, PLTORAMBECREBHBIIECZ &<, £
=, BREROReERERS Z&idn, LML, FBR T, BKEICHERTE
W T ABILE (BHWIEY T VBHE) ORBITRLEEBRL TS EWN
SR EBREL T, TOREFENTENICEBETEDIFETaMEL<ED, K
ANIFGIEEIREBZREL T, TOZENFABRBLIUCHRMNERN TEYICEINS
NHZ LR LTS, ZORENGEEHEFRPFLBEEERTH S, FBR
ORFELAN S RERE - FHMlNTTHIL. FBR OZEMEDOPFLBREER->TET
Wb,

DF (FREHRE)

Decontamination Factor. ¥ 7 NVICBIFB2EBOFRMP &7z-> TWBH
HEMENRBABICE > TRESNIBEERIRETH S, B, RPN
OHRFERBEZUHBOMFNERE TE-HETEY. BUETRICBOLWTERL
RS HBNEITN I LA EBEOREREIL. (FREREORNEERE)/(H
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MEHBOHFPOMHFERE) O (2T, BNEREINREEHEORELST S
BaEbHD) TRDODOEN, BRREEVEWEE, BOHRERYZ EORMMBERE
SN EEBKRT D,

DRACS (EiE{F.LRER)

Direct Reactor Auxiliary Cooling System. ﬁ.ﬁ@?&ﬁ:ﬁrﬁQﬁﬁ@U&‘Df R
TIFEBNICGHIA NVERT. BFFEABNOBAMZN L TRLZESERAT
BFHT. BRI NICEASNEZRE, FFFEHROMIRT LN R EHREM
SEREPITHEATNS. '

EVST (FFHBRERRE)
Ex-vessel Storage Tank. FF/ABREIEFEEL. FFONTHE ORI 28T,
PONSED B TEHERBESKE, F MU LARTHRERNPTSETTS—F
HIEIFRE T 2R M T, BEER,. LW ISY, EmS v 7EhoEBRENns,

FBRYAZN
FBR £ ZOBEEYT BT 7N DI LEND,
FBR (Fast Breeder Reactor) : HiREFEF

FRLEBELZDBIBITE < ORBIZAEANT (8l ETFE. HA
i, ERE TEB), FHE MHACe) B0, ELFOHEDH S,
U5 238 MNHRHTFERNT S E IV UARERRTZZEEFALE
FFFET. 8P EFTEORRRENTFNO T, KDL D aH T ORES)
RoH2b0EFEFFGRAMELTRWTIZ. T MU LAREZETRRA
MELTRAWSEFF.REELTRIN T ALET S ORAEERMOX
BED 2HWS, TV RV LNOGBBREZFD DD, FLhEHBNTH
ZhFET T 238 IKRINEEZ TSIy b (AEL) 2RITTNWS,

BKFTEIRBU I O 1% BEEZFNCHATESITBER NN, &
BEY 1T 7)) OBRTEFBR ZAZICAWSZEICED, ZOFHTEZEE
id 80%LA £ (TRU [P EE 999 LA B, MRBEEE 15 7 MVd/t B (IR RRHELH
1) OBG) KREDVUIVEREZTHICHATLIENTES,

BREY A £ J) (Nuclear Fuel Cycle)

RABCHFEET ST CEENEE, B8, B8, B, WL TR
BEULTEFFTHERSIN, S HIREFFMASIROMESNHEFLE, B
MIENBUORTFETHERAIN.BRONEEYE L TUBLSINEETD
—HDIER (T1 7). RETIEYA IZNZIYA T IVERRZEHEN,)
ZND, —RIZ. REYMEORE. RENSIEED. EESNEY T 28
OMBOT T O, . 7 vk~ OEiE, U5 CEMEORHE. R
TIRRBIA ORI T, EFRsEsm (el . ERFREIOBNY (7

—9 -
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RS A, USDOER) . BEHEEEHONE, MR E0REELLE
5,

FBR YA 2BV TIE. BTREOFRTTELETIN U LE—ERTFON
WCED XN, FAOESHERD R EESBELRE. BrLWREHIII S
NEBEELTRKAY I TN T LOESBIEMBEERNEZDT
YT EREEREEREL LY, ULhb, I BEEENSRET HHL
S UERRTS VRO THWAZEMWNTES, FBR TOHRBEICL -
TERENAETN P AZBERLUTHRTS I ENHREENZDT. U
A1 INMTH S,

FCME (M¥ - HEAERNEEER)

Fuel Cladding Mechanical Interaction. FCMI i3 B ORE EFROR T 27
WEVEELERE EEEENE SN S L EBEOER AU S E5HAR. Bk
S 20,000MWd/t B BB Folid LRRRECEES NS EHR.

FCI (R# - AHAREEER)

Fuel-Coolant Interaction. B - HEAMMEIEH DS, REIER, KB
UM S EHEEMT 5 &, BRREORENHHMICREICEDLSZ&ICL-T
VRRUREL - BN OB HEERANRET S, IOEERETIABLBEKE
HEZEIOBEME~NOERBRNART LD, FICRET 2 BKIBIIFORGE,
HhicE 25 2 28RN H 2,

FP (5B
Fission Product. I/ b AZOBHHEITE > TEUEEER LD
FO—HEOBRERETELAEEDOZ &, KEoNREETH D, Z0¥EIE
1B TOLONSEBEAFICRIADDETIEILL,

FP #%:%5ih

BRGENELUTFP 2E8HFMERIERNEORBIIERT LI 2 NI
FHEZEERBRND D WITHEEEENERICOE 2N EERICh R TFEERE L,
BEBRETD, BEHZWIE, FHHOBWEEIZEZTLED I &

PHX (PRZICHIS)

Intermediate Heat Exchanger. 7 b U U ARERME R ETCHTFFFLEGH
THERTFETIE, ATMBOBRRAEICRERET 2HBEREDOEMEDIZDIT,
CEBEATH AP REASNABENDH D, EEOBTHRENHVWENTWVWASE
B, FFFEANS A THRORTHREE PTEAZBRE I VWS, AL, TRUDA
TRIFRLEGHTIEEEEREEE (A 0w T, BEFFFPLTHESN
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= REF MU T LAORIRNF— %, FIBROBTHEETH S PRBEIHIET K
Bl R T AEA, FOFRUTAEERMOKEEZ _BEHOBTHRBTHIE
R[RELBTHALHIBTLILET, REAARRK 2B ZEERBAIAPELSN TN
B, LMo T, F—REREBEREICRENEC T MU DL EKEDREIE
ZoTHRELIETREERITTILEOBVWESIZRE> TS,

LLFP (R¥EHESEERY)

Long-Lived Fission Product. AR L > TTEEHE, 320X 578
BRSO HEEOBREBICX > T TEABREDS B TERPOEVNDDENS, FER
HDELT, £35%-129 CEEA 1570 F). /XTI 5-107 CEEM 650 F4E).
2 A-135 CEEE 230 F4). PN O A-93 CERE 153 HE), TV RF
/599 CERM 21 7 1F4). §9-126 (FEH 10 75). L 279 (EEH 6
75 TE) 085D, LLFP O < BIRBFEAETIET. &L XIVEHEREEDD
HEHR & BEROREDTEERFRR /25,

MA (VA F—77F=F)

Minor Actinide. FfiERICBWTEFHES I DTV F T LMS 103 D O—
VS DOARES 15 OLRERHRLTTF IV FRTEENDS. BFEE 90, 91,
92 ORUDA, 7ONTIFZTA, DI VIEIRABICEETAT7VFRTHS,
93 DX TV U AUBRATIILREZETH O, FIAXETFEN THREE N T TH
BRINE BELEZERVET LI >TERKRT S, LR TETFHFOEREAR
BOLRNMNIE FETFEE MM OTIN UL EEBIIHEOMOT 7 F KNG EN
T3, —RICEFEMORSFREZHED. oEL2T5H, EVWTETIHIEREHE
BITD. 77 FROAFBE LU THEFASENRE < . BENEENFIHE SN2 DT,
FTRELTOBELDIL, ExoREEOEENEERINS, FEABERESTY
S TN T LACEATFERO DN T A 2T AAM), FaUTLCMBE
VRV ZI MNP ERAF—T 7 FZ REKT 5,

MHD E (BERMRERES)

Magneto Hydrodynamics. EXRGEEOH 5HENRERPZHENZE [T 5
T—OEMFEDOER (EFEOEAD ) KW FEERNKEET S, ZOHKEZAN
T, BEREROETHEEAXZE N, BEAEED1ILFATHS. T RUTLIETER
REENRRWLZD, TR ARHAFBR T, ZOAFRXOREL2EATE S0
WHDH, TRIVLAZBHOERHMEDERT &, KRERER ML ORELRE
EEBI NN BEERD 201, ERITAEOFREET A2 EEIEREKRSE
MELT, HAORERICLSHE N L EREEEOEMHDREOREZFB LA
ABEFEEEZLSNTNS,
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MOX ¥ (ESER{LYM#HE)
Mixed Oxide. V7 VBt E TN b U LB EZRE L TE- 2RE. #
BEgmiE (ST, SEREF TEE]. aBERERAFIBALw I TERSINT
Wo, BKRKFTORABHBSNEID LTS,

RMWd/t
mega-watt-day-per-ton AH T v bFA/N— k2, BREEOBAL, MOX BB O
BNEEBYEDIIRELERAIRNT-ORETELZDD, EFFEOEEZICBL
T, POICERINZZREE, BEFFEMEYIENS ETIoPiF& NERI &
MO X DEEENZEEGERT I &ICHR5,

ODS ] (BLYaseitBRT> L X8)

Oxide Dispersion Strengthened Stainless Steel. B RBEE T O A ICE
NEVERBENAFRL TS 7251 hRAT 2V AMICHI A2 EB LWk T
EMBERICAMEIERBEEEZRE TS L2050 MET, BREEREHE
BELTHHEINREPTHS, LmEiT. BUEHEMNOBEST., 8BS X MERO RE
LNRBEERELZ-> TS,

O/M EE _

B LBl OIEZHRIT. BBENMCTTS . TNV T LAREDESET
F1IEICHL TBR2EZ S DIEEWEEZ 5NDN, EEICIZIEESR Oxygen) BEF
B EERRE Metal) EFEOL (TO/M ] EWS,) lF2hsbThicdns, &
DHTHREREFIFROBREDED ENIZINSWAEEST LD T, O/M O Fa%
I ZBREOMREEZRAT 2S5 A TRHICEERERTH S,

PbBI (XY X)

g (Pb) LEATR (Bi) OHFE£THD., $HERICEN, BELH 330CHE
#120CIZIET L, FBR OHAM E L THENWRT D, ZD=8, BHM 2k
REIZHEDEDOTHR (BEE—F%) 20T, BESW 100CHF rY Y
LDZDITHRELEEMEZEATESFENHS, LhLAaES, EXAT g
FTERNTHE aMFAHOR O APNERINB ZENSBENNETH S,

PBMR
Pebble Bed Modular Reactor. 1990 £ IEMh 6/ Y 7 U hEMEOREEH

= ESKOM ZH 0T, RIVDO— AL ZAHOMHOB EICEBH AEH A Y —
ECRETI 2 FOFENEDENTWS, 7S5 MESRRATHEFFETHD, B
FELFAT R, FA—RHOI U —XEEDRICE Y., KEEKIFICE D 25
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EHY B LM TNS.

PCRV (L APV A b YU—REFFER)
Pre-stressed Concrete Reactor Vessele 7 U—hMZF1FTONEDZLT-
BEFFESET. 227U —FORIZHBOL VB TTERLREMPWOZNDOLD
ICABREHBDOMNIT TS, REMEAREEEINTNS,

PE46
HETHE - RSN TWAZ vy NVOSHEER AS%EBEOE vy VT,
EiRTRE SIS ICENDS, RETIERABSEEE L L TPREEE TOMAER
WEBINTETWS, 5%, aREEETTOMEZTMTE I ENBETHS.

PRISM
Power Reactor Innovative Small Module. XE DOE O EH ALK S &5 EIF
51 (ALMR : Advanced Liquid Metal Reactor) &ML 7z GE ¢t X D iIREEIN
mRNHED 2 — VPSS TH S, RVACS EREITN D EFHAESBABMO T — KX
N OBRBEASRACE D REROFLGHEZHNICERT S ATLERY
LHEETHD.

PsI -
Paul Scherrer Institute. A-T A DEFEH. FRFiE2E, EopE, B
M, MBERZE, BEFABIX0ERFHOIRNF—FE, TXNF—EEDO L]
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Pu E1LE
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PUREX BN H

Plutonium Reduction Extraction. FRFZERBOHUBITE THWLNSE
BEHBEOOEDT, BEBPCERLINTWIHILTHS. HEAKIE) >
BR)TFNERTHOTHERLAEDBOZRA WD, EREABEOHEBIERKE,
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BT 5,
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RVACS (RFIFBRHBMEISIR)
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SCFBR (BEFEEKAH FBR)
Supercritical Pressure Light Water Fast Breeder Reactor. SCFBR 3. &R
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Solvent Extraction for Trivarent-f-elements Intra'groﬁp separation 1in
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Super-Power Reactor Innovative Small Module, GE #:D#] 400MWe ¥ > 7
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RIBTE, WIS ATORRNEZHETHD, HEETIK, 27V UA (Np.
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mREEREEFIA L TKHEFBHERHERES L. DWTELHE2RRAL T
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LEHIRT S, B@RARY 77U MREABRNET, SR IETEAMNERKS,
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> Ty EOHSBEVHHZERAWSES (TENEERE) & BEh. B
HLEOHROYHBESKZERTIESNH D, BEDOXL D ITHEN S OB TS
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MIDD1IEE, [LERMEICEIA2BDNIFTO2EBEEWDNTNS,

2T T TN o¥RE

MOX ED/MERHRROMTFREZHEBECRELIZRBE 2X 727 /%y
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T, 5~4000 BEZ#EREOEZEELLTNWS,

{EER SR
FP ORBEBEDENBABEMRZFE &L TEEINSHE. FBR ORI
BARKEICERTRMOFEREZEL EDBIENTEL D, BUETETO FP
OBREFHEEZER< L THLABTEZERLMETLIEVTAETH 5,

RENERIE



INC TY1400 2000-003

ke el L U THRANROK T2 EDBRED—D. AiRORED 5 W ITIRE
EENC K DBEREBZERL. KFICXOMNERRSETHERZERT S, &5
WCH-—-RFZTORAIINES B TRESEDD, HEVIENMSWEREFZEZND
NEEGIVTREVEERICT DD, WTHADBEZETHRBIEWREZRD
RIT 2ERT 2Tk,

foZZPUBR
W—TRO—BTHY., FHFORFTRERASINZ. N—THOREREEHE
U, BFFEYOHNCLZ IR MY 2R 5720, RTFASR. PRI,
—RERARR > T2ETNTNH U FHOEE TERYT 251 |

Ry 7SRIGE

BREORy FSPHRZEMICETHOT. REOBEENERLEEEDRY
TR EBRBEERLEET. RTFOHAIR LR U TREBRENRERE TS
& BEFOT 5238 OFRETRIASEML., REEZEDOIE. HAZE T3
BE (Ry7I5%8) 2925DT, FLBIXUELERE L BEERHERKTH S,

AT k&

MR SZNBIUHEET NV M UALRIKRIC, 7>EZ7 RF—06 AF) 4
732 ((CH2 N BLUHEADRERE (H:2NCONH:) ZHMUBARKET S,
FOREEE 114C—120C TR L2V I AL INPICH R L IBREANBEL DY
WERIEZECE UDEB{CBRRE 2889 5 k. BEEYOI- U2 Z1ILO
MBASRE, A1 A PSI THXH, |

MEXAYR = [PbBil ¥R

BERTREAR
BRIXNF—2BRILRXNF—ANBEELRTEIHFROVDEDTH S, F—Xvy
IAREFRBEL., BROEHHZBNTEERLEEORTFEANTRET I HR
ZRERFRELRLS, AERFICHESERAER T FERAERTIND 5,
FT—-Ry IR
Seebeck effect, 1821 4 Seebeck IC & > TRRA INERAEBLZHRD—D
ThH3, 2BEOSBOHEEBOBOHEEGE L THEIEE DL 5. 200
EROMICREEZEEZGZ 5 EZORBHICERNTRN, MK EESEUSAD
HTUET 2 OB L lmicEMENECS2HHRZ NS,



JNC TY1400 2000-003

Wil - SEARENEEAERA > T[FCMI $H

#E - SHMBNEEFR = [Fol 3R

ELE > [PuBE BHE

7 v RE
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