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Investigation of Molten Salt Fast Breeder Reactor

Kenichi Kubota]), Yasuhiro Enuma]), Yoshihiko Tanaka]),

Mamoru Konomura® and Masakazu Ichimjya])

Abstract

 Phase I of Feasibility Studies on Commercialized Fast Reactor System is being performed for two years
from Japanese Fiscal Year 1999. In this report, results of the study on fluid fuel reactors (especially a molten

salt fast breeder reactor concept) are described from the viewpoint of technical and economical concerns of
the plant system design. |

In JFY1999, we have started to investigate the fluid fuel reactors as alternative concepts of sodium
cooled FBR systems with MOX fuel, and selected the vnique concept of a molten chloride fast breeder
reactor, whose U-Pu fuel cycle can be related to both light water reactors and fast breeder reactors on the
basis of present technical data and design experiences. We selected a preliminary composition of molten fuel
and conceptual plant design through evaluation of technical and economical issues essential for the molten
salt reactors and then compared them with reference design concepts of sodium cooled FBR systems under

limited information on the molten chloride fast breeder reactors.

The following results were obtained.

(D The molten chloride fast breeder reactors have inherent safety features in the core and plant
performances, ad the fluid fuel is quite promising for cost reduction of the fuel fabrication and
reprocessing.

(2) On the other hand, the inventory of the molten chloride fuel becomes high and thermal
conductivity of the coolant is inferior compared to those of sodium cooled FBR systems, then,
the size of main components such as IHX’s becomes larger and the amount of construction

materials is seems to be increased,

3) Furthermore economical vessel and piping materials which contact with the molten chloride

salts are required to be deveIOped.

From the resuits, it is concluded that further steps to investigate the molten chloride fast breeder reactor

concepts are too early to be conducted.

1) FBR System Design Group, System Engineeting Technology Division, OEC
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1. IEBF/IEEEF & RBREHF] 1200 T
1.1 HEFERUIESEIF , ‘
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SR TEHETFIR) 13E SICRE &P ETFOREMIEEICES D &> Tn5 M1
B (Homogeneous)F] & ZNLISD [FEI5E Heterogeneous)iF1 15T S5, e
TR ITREMDZNO T, COBRICBIT 28R - FEEFORMIZNn.
B, [EEPETE IGEEREROEREIIOWT, BREE T4y POREN
EICET 3 8RN & FEEERD EWISNENHDN, I TOEREETRO
NETHD.)

iR ELTo BEER 3 BRE B EICES DE> THWBRET

BT BEEER PENPANORETFFERET, 22U, BEMRRReRUUTAD
K OBHEN EFNS RS BREEFRE) 1T RITRTANL OSERE1-61 T
HREL IR THEE R S IEEEIR] & U TEa L ixW T HHSHE (Quasi-homogeneous)
] LT [EFEP] KBEUSBROFE 2L Thas,

I. ¥38 (Homogeneous) FRUHHIE (Quasi-homogeneous) 4P
BrFHREL (Particulate-Fueled) F[1]
7K¥5%E  (Homogeneous Aqueous) #F[2]
YARISE (Molten Salts) JF[3]
VLSS S
UFs * IR « 75 X HREUR(S)
BT IR6]

I. FEE (Heterogeneous) fF
223598 (Semi-homogeneous) #F
KRR
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BRI
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TKIGHENF
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12 FRERELR
(D)IREHREH R DFRZFIR
FIEE 1.1 THONEIZ LB L, 98 Homogeneous) SR UHHEE (Quasi-homogeneous)
R TFEED 6 BEICKAIEND.
ORIFHREL (Particulate-Fueled)
@ykigE (Homogeneous Aqueous) X7
QiARIE (Molten Salts) {7
DEESBIRENR
QUF BREUR
@EEEIR
B xQEEIEREN TS MESXIIERFE LT,
- BITFHRBHE - H ARHYA, BRI AR
- 7KIEE ; Water Boller 47 (LOPO. HYPO. SUPO), HRE-1. HRE-II
LAPRE- 1. LAPRE-II
- PSRIEEYR : MSRE. MSBR
- RS BIREHF | LAMPRE- 1. LMFR
FNH 5.

UFs MRBHEIC DWW TR Y ETHIZER BT IRASER - Ein S 1z DY ME—DRH

(1.5kWt. 1957 S5 T2, 7 vERFICk ZHEFORERIR TRAPETIRE
HEIrD, BEEERT. EROBRE SN SEIORE D& TP EWIBEETH
M, ZHE L THTSN TN BOIIH ABHIFCEREN AFETH Y, RrreirL
BET DD DL NRREEIZ> TS,

IR OBHIEIR ORI B S5 ., Bl OB, BAZERUE
WrEOREE, BEMOEES TEFFEEHT BRI ENTE, ZNHORGNESEIT
S BT B FEREHAIC T 5 75 MESTHEHH 2 BET 5 &K 1211 DXD
1735,

LIRS, HEHRBHE O TR BRI E U TSN D A
BHUE R UEIE 1 AR E RN RO ERFSEMRER - B S N DR RE

GKISE. AR, HESE) FERLTHY, INESDHRERE WREROSHE
-%ﬂ@%ﬁ)ﬁ@%@tjmfgﬁbtﬁ%éﬂTtﬁfo

IR R
FRBREIFICSEES & —REARRISROBD THD. [39].
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BB BEEND TR, ROLDBEFHOH D,

EgENE &S Ul T 2580

- HETE (B - FP) DSREINERICETR S NS EIIREHE & B L €. RERENF
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2. TENERRHROFRERR
2.1 AEIR
(WAKIEIFOREE (3R 2.1-1 28

KHIEIF (Aqueous Homogeneous Reactors) 14, BUKIUIEK %fﬁfﬂﬁ SR & LiZ
HYEIE T, IPLEREHIIIRRERY 5 =1 (U0S0s) % U, %, 7727y MIZLI v
LIESENIE ThOy 2T U —f& v i, FFIDIFE Los Alamos Scientific Laboratory
RSN LOPO (LOw POwer water boiler) C, 7KOSBEHRIMES I TR EMRER
HFBOTHELTOS L DICRAZ L8 Water Boiler &FHIIE, ZOEKET
|3 HRE- I . HRE-ILAS, ¥72)) LER%REMA3a60841 & Uiz LAPRE- I, LAPRE- Il 3%
- EERAN, 1960 TGRS IR S, ‘

BA TSN ERR & 72 o T BTF IRR-1(1957) bR Y T = VKIS ) Water Boiler
AL FHINBIFTH o7,

Q)IKHTEBRENFIZEAR ORHE
EFERRENR EA DR
- KBTI B OEFTIEHT/2V S, 7K EBKUIENX) IR TH D TeHMDFE
BRBNT LR TEBISRBITTE B LW IHRKERD D, '

KRR B OERT
—TRSENEV O TERICTERY, ) VBERE CIBEERE LTUEE - &
BT TE 2, EEFER TR RS,
. BB O BRI RSN . MR A, ORI, ko
':“jl—o .
s KOBEHRSIRE TR LB ANRET DD TIREDAERYH D,

2.2 RIEEBIAEYR
(I RESBIBREHR OB |
HEEBBREF (LiquidMetal-Fueled
LIQUID METAT, TURL NBAGTOR TYFES Reactors ; LMFR) i3, {BfAGR IR
Cept]  BERATU—ELTASTVBRT, &
LT s e TR MR ORREORRD LA
' ETHD, [7 -
= T I TEE R E R B LGB E LT
— X Bi SR bEHTHBD, PoRPbBi b
o oL oL BREEN, B L LTIERET B0 B
Sl I oo, *ETRAERE & bic
Fia. 18-1. Classification of Liquid Metal Fuel Reactors. 1960 E(«C»E]%E 7b§ ':F‘ J.l: é :n 7,,:0
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- VARl Pu BEIRBNP ; —% 2122
(LAMPRE- I ; IMWt) Pu-Fe 3Rl (10%Fe) % Ta /1 7)WTIGH.
JEF % Na TAl '
(LAMPRE-II : 20MWt L. UMo &Y XIIRENE U-Na R—A F&H
My & U OB H e L 7o) S BB T ik
- U-Bi A8 He JT AR ;
(LMF-GCR ; 57MWt/1647MWe) ERETHRFIDH

2)ikiE S EREIRIC B O
ik BRIREHRICER O
- Bk, BEETEERETES,
- BEHHEEGEE TN,
- AT ORGEEEDVINO T, BEEE GhEMEENL T BpETROmGITE
A5,
- BVMREENE,
- EFREOFP X KrXe) mfmm Lo < HEFRE & RIFICT .
- EHEIREN) B TH DO LDEMETH .

ik BIREHEIC B OERT
O BT IS EV R OBRESNESTH D, EOFEEEINE B [T LU THE Ta
Mo, W. BESNEMNERTEDZ EMDN-TNBH, Ni® Cr HIET S OREHRYS
BEElE RS 2 &N TERN D Tz.)
- IFPRESEOME & U TR 220 E R T 551, PETRBESN
DO THFEFER TIA2<72%.
- SRS &, BUIRREEES (BREX ALY AYKE DL BN TOEFMPRELTS
B,
- Bl ESE WD TTFRNEEETH 5,
- Bi PO U OEEREIRE IEWOT, BiE U 2R T20END D,
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2.3 YERMEIF
()RR O
YARIEIF (Molten-Salt Reactors ; MSR) VAEHRIRBHC IV k& e a3 B 0%
%m%&%&%%&%&%ﬁfﬁ‘kﬂ:@ﬁ DR T BRI ZO— e L TE
S BIARIRENTISBEOREN D 0 & SITREEREE b2 URERBI S WS R ER
B A O CHREORHED H .

ARBE -1
Balz, TYARIE & ian DORIATSZ&ET 5. [7-13]

Molten Salt k2 Fused Salt & ®FREI N, 1A AOHFHLEWTHDE (@RI
BEME ISR S IR OB S B2 BLEY) DYERLEBDZENS, LT,
A F AR TH B IDMOWE & DEFHRIEIES  METEELIIETH S,
F7m, A AAEEND T ETROEHIE & B S HEHROREICH L TH D T

 ETHD.

I35 < OREIENSH 0. BEICEA DRAETTARIES ZLATE, ThERER
RS ESZ E TR S REENELS THA LD TWEZED I ENTESD, ZIT.
EFRME (ISR CEL T BEOTROESREEDOEIASVEEZO
BMIEETH DY, HIREWE THB U, Pu kO Th ISTROBRROFIES (T
a 1% : TUPAC REIETIL 3 1R BT 27 7F /1 RERTHY. FHFR TN
[riE 3 575 BIAISERIOEY Wb FE—TUPAC @ik T 17 B— N 273k ;
F. Cl Br. 1%) CI3ZEREEEDC &ﬁx’c%%

YRR, IR LI F T MR ED< B a@:%%ago%ﬁammo
BAED 2 BRSNS AB IBWT A & B LOBSRIEDEIK
E2NEE, BFE—HOEFICOEDT 5N, A-B. A-A, BB D&

FD,p Do DapDENSHEEIRINF—ITNT B-1 7 VHDFE A

- |

Aap=Dpg —(1/2) Dpn+Dps)

ko TEHL, Kitxan x5 (Xa>xy) BFNTIET A BOBXRN

BEEUREE, xa—x5=4 (Axp/2306) DERIEL DREITONWTTE

LIREREINS LS, BETFOBESREENE EEDBRTHD, B

SEMEOEIAEN 2 BT TR S N5 EE1E &—ﬁ’x"k.'f ZAERRELS

5%, (FEMEFEERI LKD)

T D& STTHEEE T SRR DV, WEEB & T 5 2 L TEOREE X
DEEREIZ S A ZENTES, .._CDJ: SIE D STIEO—RAEE RS e 0
D 23.1 TH B, WEHEE LTI MSBR OIREN: L TEE I N7 v LR OSERT
PIENABI XN TWAE . BEeBRE L TR MUV ARUSRZREE L TE
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E L7z [14,15]
CDHEERNSRD Z EbHin5,
- AlRITREERBOAMEL . MRENTEE SN,
- REESROREL. mEAM E U THESIHRESBOFNIANTENR TS,
- UiaL, BEkae) (BEXEERE 10OWTE BREEOHIMEN TS,
- (CENRREROE TIHREERBIZRANTEETH D, FHIT7 VAU ESEIRK
NOT TR EBU IR L. ZBERTIIREET 25, EREIINEETH 5,

QBRI B DR
HRR OFEAEHAIC ISBORE A R —Z & U T, BRBERIC @S O EE% T
’_C%I_Eﬁ% ZEEL, 7wl l:%é:iﬁd EAOEEDRHT 5, [7.8]

AR S VRS BRI B T S R
- iR, HETERTES,

- O RIEE T73,
- IPOOER Qe E U TREREDORIGEREREZRD,
FP HADHHPES TH 2,
BRURIFICEA DR

- BRBHE R OB E (U Pu, Th DVEREI 72BN B 0, R OBIREHEIAEN,
- VEREASROMEIC BT 2L AEEIC L D, BESEBO X Tk PZ2EZ ED
U WEISAR,

IERIEIFIC B ORERT -
RSB AR CTOMERISOEEE S /20, EREERINORFENBEAEELS,

L ETHETORRFICHBONETH B, BEH 2 WETEIIOWTIHED
BEIC L > TRRSOTIETHEINCEIRT S, '
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24 Z D
(WUFs TABSEIE

UFs [ EG SR CRRETIS 564CTRE) THEIN, ZERZRES L
WHEAEEN D, TOie. B EOBAIc XV SEERRENHRIENS LS Z &N
FTNENSFIEEET DA W UFs H AREHIBRETFIFR TH S T EITHIA TR
BOREPEREENENT &, & SITIHEBEORDICEREEEHERT DICIIER
REL IO TUED T EREVRERLTH S, '

BT - ER S N HE— O RO AERE L TITRY.

B EOBEFE (1L.5kwt) DOEAFHR

FFE (RHIFREED) Be i UFs 7 AMRENF
& BN 1.5kWv/
N—T7H 1
BRI ADRE 80~90C./
ETEIERE @R . Ty N EERR L)
BRI E UFs 17 AHRHO0% i U)
JREER Be
R ag 2 (AW 50em. £ AW 60cm)
FRFIFEIER B4C FlitlE 5 F+ )
GRIEEE 1 Fv IV +EEHH 4 F¥ RIV)
RUOFEFER BC Oy F24
PLEENE EORERI

QVERIE BRI ERIE (Past Reactor with Melted metal Fuel ; FRMF)

AR RN O T, Pu 2T B BIEREE ERE T 5 - DI LIRS
kNS % direct contact core DBESAS 1950 A5 60 FRITHITTHEA SN L
M#HoTc. [O]FRMF & ZOWIUCHEMISNSE TS MERTHS. [22]

FRME 1. &EMARI SR (eramiles ; B 1-3mm)&72>C 1 R Na REBRIH L
TEEE LA 5 EA R IR O BB TTRE & 72 B L WO BER T 2 EEAFER T
B5, EOEETIHARNREET 5 2 BRIRBWETIRD ) )Vind Ar HAF ¥ ET 4
IZIEYS TR D v MR ERS TS, BEHT Na T—IUCETLTRAIRN
CHI & e B, NI EEEIR Na X DIRESINTH 7 a2 e8L—F THEUE
3. Na b I HXGZ3%E 5N, BREIOMRI 2/ L —% OFE EE T K > TRMMZAD,
KT B, FPIIETIFBEFICRESNADT, FRICEREL TWaEEIEEOEN
i3 < WIS OR ST T S INTVNS, @ELET DY OMBIERHA TS
2, BBR-1 & FHEOS BB REIRIL L5 L a3 TNS.)

DX DT, ERl Pu MEORIRE & LTRSS, BiERPOEGEIEIZES
PREERE DIF]L & U\ S IABINEAR - B OB R 2 H A /e Lo — U 3 E TH 50 1AM Na
(7 B S & AR R A AR AT AR IR A S WD T & BT D,

_.9._...
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2.5 R EE D& 2 5

2.1 IV 24 [N IREIREURD D B/SRIREIA, UFs (TR) MBUFR NGk S
J@ Gl Bi; Bi & DA D KV IRERIEEMEN IR MR & TR TR
RTHD. SEPERAOERILTER,

KIT, VR Th SSUREHRIBIKIE & OIRE A 7 VG HEOBRE T, 1BRlPy &€H
BRI Na WMAIOBEIESTE Th 20N S OB L) BB & 7 5 7 D IRET
DSBS 7z. E5ITIE. TOMBIREEERES 57-DITRHAM Na & B
RS QIAQFRMP) PBRINTNAH, ZOBAICIIARLEIF & B FP Bk
PR G FERFE LIRS, TOD, Na iGHF AR OIS DR Rz
B ENTBIoOBERTRWEHIM L -, (M25-1 25)

L7zl T, MEABHF ORI O TR L OIERIEFRTH B,
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3. BRMESF
3.1 IARIEE IR D RRZERSE
(AR DIESR
- ERURFROEORmEE LT VIRE X TR OAMRETE 1. BREYIC 7 vkl LR
DT, FOMOATNE OXEMI. RERE. REEE, RUBRE, SRS, WA
Bk \woWTH, T RINTERE. RO NEARE. BaltY, mesk s
O, BRI 2 REREORRN SR STV, (8]

T witild. F O TR E W DEPETIRR (2L, 272k
Gl D ESEEOREMLNE) &L TRAE N, KE T 2 ZOERIF (ARE.
MSRE) OB - EEARE /-8 1970 ERFEETI Pm—Uu 41 2L D
St TR & LT 1,000MWe ROSZEEHE MSBR DR EHIFFE TITHVZ,

—5. PR TIREAE O B NS A b PPU-pa O ZVEBIE R O
L CHAEMT Bz,

)7 VALIAREIR OF & N BAFERRRE
7 WAV WIERIHE (MSBR JAIV} O "LiF-BeF,- ThE-UR, %) i3, 2EDEBRSF (ARE ;
9.5MWt. MSRE : 10MWt. SZESIE sMwt BETER) OERERNH B0, Kb
¥ 2 T FEEE A ESEH S TN B, FOFRTRDEELEZ GNHKRFROM
BIIRD 3 LTHD, '

D7 AT F OBEICE D FEFARY MUEET 255 T O TRE
MERELTS, HEELTI. BETTT v VAR U Tt/ 3 58
INBREINTWSH, 7T M G0HF) DOEFEEHBICIEIHA Shant
¥ 34 T BYEN DD, COBMITOWTIE, REEIAIICRAT S
+ BRI e B LR T B D REHBEER L. BRIOFME S HIT
o B T LTI, Eir, FP (Xe%) MY 5 &t FAVRIN ST UBRBLLAYE T
4B D, TOXDEREEEA NN SR EN TSN, AEROTEK
o TNnBEDIETH D, [9,16]

@7 L YRAREIE OSSR & U TR S 11 Hastelloy-N 1288 L THLRORREN TR -
THY, HEOREENETSHD, (12

RITEIET S He 10L& 5 IRHTHEOMBEIL. T8 He DRFROBEIEHIR
T2 LD ETRE LA, BT OBENHNOBMNEIL TE S0
AR AN S E AL AN SYAN RN '
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KIFEIF (Aqueous Homogeneous Reactors) 75 > M EASES

TKEJH I (Aqueous Homogeneous Reactor)H. BRXGEAEREHNE LTRSS U XEFER#BUD
BRPRA ) —2MREE LB i 71T, 1940 FIDS 50 ERIEMTTEROEBEE R
TICEREN:, BETRTICER L TRR-1(1957) © WG D T = JLEEK VA D Water Boiler B &
FIEIN2FTH- 1=,

KEHFR 2T ABREBRICE D KD 6 FET EFENaH. ERcE—ERgiFros
BIFEREL T, T Gl (= ol

1) — R L ; Water Boiler 8. LAPRE BLAPRE-T. )

2) — R (Pu &EEIF) : SHE DD
3) THREEEF (Po £EF) ; 5fEOS
4) —BEIREREE (Th B995F) : BtEO D
Sy ZiEHEEHARESAS (Th #584F) ; HRE-[.
6) HIRIF ; stEO 2

LAPRE=Los Alamos Power Reactor Experiment

UEEBROT T2y MR D,O)

HRE=Homogeneous Reactor Experiment

CHIL < & 11170 53, Me R, T 2R T AR DA B4 T S 4 =M - MR SRS LR, 1972)

. EEEE

75 FOEREEITOWTIL, TR R S B

1.A Lane, H.G.MacPherson, and FMaslan ed., “Fluid Fuel Reactors” ,
Addison-Wesley Publishing Company Inc.,1958

Part I. Agqueous Homogeneous Reactors
Chapter 7. Design and Construction of Experimental Hotnogeneous Reactors

Fig7-1 LOPO (EFHIOKEEF) oMiEE
Fig74 HRE- I ®70—i— | (BHE)
Fig7-7 HRE-HO70O—3— | (BEE)
Fig.7-24 LAPRE- | DEEFIF#E (@EHh v bED
Fig.7-25 LAPRE- 1 DT FigsE (W@ v k=)

p.343
p.351
p.363
p-401
p.402

Chapter 8. Component Development
p412 Fig8-2 HRE-IDRTFHGE ($imh o @)

3. HEFML#R CkBHEF)

&

B/BEEN

Jo— T
PP/ AnEE
EHT S

EEMR
Core Vessel
EF Pt
FETFiFHER
FLzek
—REBRF T
AT

(8L - ibid,)
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1.G.Yevick ed., “Fast Plant Technology : Plant Design” ,the M.LT. Press,1966

A _Sesonske and J.G. Yevick,Chapter 11. Description of Fast Reactors,
11.4 LAMPRE- I

p.701
p.702
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p.703
p.703

Fig.11.24
Fig.11.25
Fig.11.26
Fig.11.27
Fig.11.28
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1
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(7o 5y b/ B BERL)
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(RIA4UC/172° B

Ta-9.1wt.%W (ILFN =0 \

Armco 17-4ph O H ) EERM & —F& (TRESER)

2 ZEEIE 4 +HRLEEO AT > L AT EIR B
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= 2.3-1 BEME LBEESE & O

EHH YARIE RS

FEEES 7 vk ALY FhUT L fh
B Rk 'LiF-BeF,-ThFs-UF|  (Pu,U,_,)Cl, Na Pb
[mol %] 4 [30-F D1l

[71.7-16-12-0.3] NaCLKCI,MgCl,]

ﬁ-iﬂ,ﬁ 499 525 98 - 328
)
r{ﬁﬁ 1525 — 881 1737
<)
EBE 3.4 3.0 0.826 10.36
(g/cm)
ralE 18X 107 4.2X10° 0.232X 103 1,74 %10°
(Pa‘s)
Hegh 1.34X10° 0.837X10° 1.30X10° 0.16X10°
(J/kg-X)
R 1.20 0.866 66.1 15.4
(W/mK)
% & E #13x10" 2.26X 10 2.924X10°
(1/C) (& : at650C) (R @ at0-90'C) | (#R : atd0%C)
{LFRIEE RGP Gk 515 BB R

% at527°C * 1 at650°C % 2 at527C * 1 at527°C * 1

(HEEH)
B x 1 HASHEMZES GERT2ERNETE 4 1R,1986

*2 Nelson,P.A. et al.Fuel Properties and Nuclear Performance of Fast Reactors Fueled with
Molten Chrorides, Nuclear Applications,vol.3,p.540,1967
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Fig. 2. Cross scction for fast neutron radintion capiure o (I MeV neutrons) plotied versus alomie
number Z
(Data oft Hughes, 1957}
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