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Abstract

Lead-cooled fast reactor is a fast neutron reactor cooled by liquid lead or lead bismuth alloy. As
one of the six main reactors of the fourth generation reactor system, lead-cooled fast reactor can
well meet the requirements of the fourth generation reactor about safety, economy, sustainability
and nuclear non-proliferation. The lead-cooled fast reactor system steering committee of the
fourth generation international forum identified the European lead-cooled fast reactor ELSY, the
Russian medium-sized lead-cooled fast reactor BREST-OD-300 and the SSTAR system concept de-
signed in the US as the main reference reactor types of the lead-cooled fast reactor. In this paper,
the historical background of the development of the lead-cooled fast reactor is summarized, and
the current status is introduced. Then, three main reference types are summarized, and finally,
the challenges of the lead-cooled fast reactor are put forward.
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Figure 1. Schematic diagram of lead cold fast reactor system
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2010 4F, ZDUACE PR B R HEIR I RSi45 528 71 23 (GIF-LFR-PSSC)RAL, & 5 [F A4 4% 0
B HAFIREE, o E RS N DLW 1) S 2 522 22753 . GIF-LFR-PSSC I FERRIMETA R4t
ELSY. &% Wi B A Pt BREST-OD-300. 32 [El/N H ARG IR E A Pt SSTAR 1ENERA TR EE 2
FHERY . H A& 01 3 B I A A R A R 1R £ s S (LFR-MOU R 3L [F) 56 BT 78 LA, Filih ok
K, EMEL RERIIFNEITSEE TG WRMED . A CFEELL TR IHER BT
SO SN TR, R = AN S HER AT MEEERE R, 55 R A PR SR BT TS AP SRk AT 48

2. SERPRIER A LR REMRIR

WA E A R h T S S HE SR AMB A P TR BIHE—RERE A AR, (ERE AT M A KA AR
Jiste HSEE, fE 1946 fEE 1952 4, H— MRS EREA W PRMECLITIGET, RAFARS SR
K, BAHHIDIRAN 25 KWt [3]. ZJ5, WMAESEGEW A RNVHENIZT 20 FE-EBRI, HI 90 4
PREBR LR T HARIE IR E TARA I e 2 . HETHR P M. SElE. WSS B REORE .

2.1. BEH

FAE e 50 AR, RIBOmTTURHT SO B A ARV EN AR, Sl RN T AL . 1525 T4 4
G R A SRV MEE H S YR & S A EI5R . 60 AFRAREN 90 FFEARIAIE], J5BCH 8 i Alfa
SR EIBIA TE FHE R TR R i b Y B S REHEBENIZ AT, I3RS 80 ZHEFIISITAL[4] [5]. B2, HTERXE
FEE ()32 47 It A2 P B AR S b A DS B BT AR (0 5 ot DA B 7 AR TR MR -210 5510 R, S BT A BYEZ
TEMET 90 FACHRATIRIL . RAE WL, 2 sk Rt 7 b — a2 iE 250 1 E 5K

TR ST, T WA G R AT R I BT AT . FE 20 tHAS 90 AU I, MR kA R Y
HVRLPRHE R R SRR, FEE T 58 A A PR ME R SR B 2, LR R RIS A i az Hh X 7 R YR T H
] SVBR-100 /NRETEARHE, FiH&IT 2019 4R /[6]; & & BREST-0D-300 H LA AP, 11T 2022
SESEEM(T7]: R R EHERN BREST-1200.

2.2, BRM

DRI B WA 0 PR B 72 2R 0 I 2 B B0 (1) K i 7 R G8(ADS), 32 B F R IEAZ SR AR B R % 2 (MA) .
BEEEA TRIER R, B 1997 FRREEEE A AL FIRF AAAHELL(FPS) 4G, it FPS. FP6. FP7 JG)JE AL |
ELSY/ELFR. ALFRED. MYRRHA F ELECTRA Z&4i/8 8 R MW LI H . Hd ELECTRA 2 Hy Fif i
BRI T BKTH) 5T, RONHER IR N 0.5 MWth, 2 REHA ML E W7 TAE[5]; MYRRHA
S AN 2R OK B A VA B SEaG b ME, il EEFIB SCK-CEN WFFT AT i 5t, HES BTN 100 MWth,
FEAE R ADS FEARW A 5(8].

BT, KR EZGE S LR, 05 ) R EE R FP7 AE481T % LEADER JiiH # ELFR Al
ALFRED B /Riuifizh. FHd ELFR (1T 7 R 7ERNETA R4 ELSY FiE—D g2, Harkk
T B B, 32 i KR %1% IR 22 4% B A B (Ansaido) 71 37[9]. ALFRED it Zh% 300 MWth (120
MWe), SKHAETAHIF, 12N HEB AL ELFR Tbos Ju i Ja 0%, B0 E s BT 7t i HE 211107, 2013
, ERCEMEEIR, BRI 255 R 2 4% A 7 (Ansaido) AT M 11 ANEKK) 17 MR T KA
ANEVEAL T AAERIBN, THRIT 2025 (FAER D JE WAZ e iff 50 H 0% ALFRED & iz q7(5].

2.3. £H

SHREAE, A LT A SREDY TR R E R ONHE, TR 1R TR TR HER BT
T o (5L 1T AR G M Al e/ B0k )T o 0 A, S5 1 T 20 4D 60 SRAXE A 11 1T S/ BB PR HE RO BIF 7T 1R o

DOI: 10.12677/nst.2018.63011 89 BRI


https://doi.org/10.12677/nst.2018.63011

i

&

L

SRMEA T 20W], S E AEIRER(DOE) B AT B 3T 8 sha A SRUERT 711 R, R8T A% 2R R} (8 A8 Kb 3 /) 7R A
B VA PRHE S BT T ABR TH AT SSTAR T H » ot ABR T H 5 2 il 2 1A i [H 5 TRE 53 Bt
Z(INEEL). W& T 2ABe(MIT)SVERF TS, el N HERTH I %N 300 MWe, F 2 TP R TR ELH
FHEERERIEREFE[11]; SSTAR {F4 GIF-LFR-PSSC #i € il = Fh EE S B HER 2 —, 55 M 135
A ETEANEIN o V8 A w) AR AE SER PR HE ORI Fe Al b, 3R H AT 0 500 MWth (210 MWe)HJ7R 7l
BA PRI

24. HEEMBEX

B A 2R 4 1 B A DRHE A 78 A, JHrp [ 37 1 2R K 2 (SNU)E S o [ AR B 74 PR HE 2 AR T
FiHl. 2011 4, SNU XF4MEH PASCAR M1 75 %€[12], PASCAR R Tz Hsh ki, 8BS
HYRE Ve HIGR, ke U-TRU-Zr & @ik, NHAERESIEOR, RA RG22t HEH T&ENE
A fe i A PR N AR MEANEE, S5k SNU BIFFL ok e 18 F ' B8 BE I S AL BB (R & B REL, T 2015
IR H URANUS 5077 281310 [\l SNU B T35 BA S RE 71 1) PEACER-300 J 3 HE,
IR S HERTLE B 3 PR RHIE A b 8 SR BT IO R R .

HATE FHASC T HA HEM TV 20K TAE, Je)5 2 LSPR [3]. PBWFR [14]F1 CANDLE %54
AL, (HRAE 2013 AR SAZH UG, HABIRDIHIE KT HA PUHERT 78 Rk AR, 4 32 B4 m) A e S Al
W,

2.5.

o DG TR A B RHE T L D T, RHHR N SR Z 7. 36 AW AR et b 5, ELRTIROM
—H, TR E X ADS HEATHEFL. 2009 4, oo RL =R T AR B 705 T ET /AR v HI AR I 25 DK 5 1)
RIGTE R G 2011 4F, FRIBE S SIS e SRR LI “ Rk e ili iz R E BE-ADS B R4 " WHtIiH ,
HoRe e ] AL 2 B HE(CLEAR) S g B e HE AL, F 46025 TR B ZE AT JE RHE 5 Tt 78 AR [15]. h ERHE R i
RE 22 A H AW 7 BT -FDS HAEiZ I H KIS FF R, &% CLEAR 2T AR TAE, +RE 0 78 e e
CLEAR-I (10 MWth). LFEERH#E CLEAR-IT (100 MWth). 75 ] R A H#E CLEAR-IIT (1000 MWth) =} 521
FEVS o Ak, FRHGE S HEY BRI 7T B A R R B 58 B 40 sl #4 dE T KYLIN HiRhvA 215K
I AR (16 R0 Sl iy RS YR A & - ARSIk R & SR80 F & LELA [17], FFEHT 7 A R SR 58T 55
SkFEIRy, BN ARSCEAZ RS W T B R A AR G e A A S0 B S R SEG T R

b i F1 R (NCEPUMVE N [ A M i s, SR A SR ME 4T TSGR 78 . 78 5 kit & 1E v,
NCEPU #ff 5t A 51 5145 ELSY 1 BREST-OD-300 “5 & HER K1 i 2256, 42 H AT # 700 MWth (44
PRHERE S HERY, H AT O S IIVE et o HERS IR MOX SRR, BRRME B AN 9.1 mm, &N 1.1 m,
BRBHHAT R ST Bt o R D)3 oA, MRk F =FAN F] & B2 2 BB AT, B 55 DAL,
60 NREAE, 72 NNEEME. BhAN, HESE S 12 MEdEAE, 114 NEA XA, 138 N
AT 162 S BERCAEAE, B R 2 frs.

3. BERRRMERE
3.1. ELSY

ELSY %3 4#% 4 European Lead-cooled System, 7&7EBK ¥ 25 /NHELLEAE THRI(FP6) 1) SCHF K Rtk
). ELSY SE&FFA 5 IR N IE RGN HFREEKR, A e i H USR] 5 0 TR o — AN F 5%
G719 Bz i SR HE RN P BE - ELSY HER A4 “adiabatic core” I THE S, W THII#N 1500 MWth
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Figure 2. Core diagram
B 2. S REE

(~600 MWe), KH4LHAET, kA MOX #REL. HECH 162 MFRUN IE T IR, EEHAS
g | fron. “adiabatic core” MR 1T HR T AU BHIE PR DL K AR SRR B0 ORI, R B2 TR AR
TEAR R BN —APEDIRA, IR R R ) i B R R E R I 5, AUHFER TR, HifR
BT BB A/ AZ 2 178 43 IIORI RS BEAR P R g b 3 R RME N IR A7 [19], HARRAE QI 3 Fior.
KRB INEEM S B 5T — 441 BREST-OD-300 248,

Wil 4 Fros[20], ELSY F RGURA ML, 9 7 980 ¥ EI50)C S AR R RE fer, S B HE R )
B ARAE UL R RT R GAH S 1 TR ZR W e AR 5% . ELSY HESUH B 5 38, &40 E
TR AT SO N ARV R A AR G, B AT B A F I B B RS B IR R AR BRI . AL
I AR BT R R H ISR T — AN R IE, PR VTR A 2 A B SRV R 2R LR A H17)
M= R ESRE RN o S ULIRIE, D9 CRAUE ¥ 50 FANEE [ (14 [F] I AT B 92 Xk S5 K A4 R e A R0 oy, 742071
HEH SR 43 318 400°C AT 480°C , il B KA 2 m/s. AN ELSY iI8A N E LGN 27242 R4S,
I3 N IR R GUAE T B VA AR AR T i (1 DIP A HIEE, WA RGURIMN X ML, AR
[ HER AL 22 4 ORI

3.2. BREST-OD-300

2012 4F 4 H, GIF-LFR-PSSC fE& KFILLEE AU SRE Y. M2 H AR MARRLE RS 5
TR BREST-OD-300 AR R APESEHER . BREST-OD-300 A& %% M E &K 3l ) TFEHE 7B
(NIKIET) ¥ it i) =2 TR R ya A BRE, TH D3 300 MWe, B2 Al AT SRR & 1 B &AL
Yk [ BHERREL . BREST-OD-300 HEtsiHRI AT FEae i 5 45, HEZHARSHILLE 2.

Wik 5 B[ 7] BREST-OD-300 #2& — Baith sUEE /) B S B HE, S Bt o 32 QL FE HE S il e g 1y . 2%
ERERME AR A EFMEIR R, R ERENFEER UL LEHI RS R &, K
BREST-OD-300 HESAMEABIEIEIX, 5B T 406 71 SO Tk b e ip - it . teab, 7EHECE
FEL AN B30 5 238 I T B 1A% 9 . BREST-OD-300 #AEMIH& I FER A, A KEMEEFIRE, XFEE
TR N, AR TGS L BRI B MBI R4

FEXF TR B AN A G Rk, AR AR . SRR . DU IR K 45 77 ThD 36
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Table 1. Main parameter of ELSY [18]
= 1.ELSY = ES#[18]

e L YA HH
EE/MW 1500th (600e)
AR % ~42
FAEIF Al
e Y B EH A /m 432
HEOTE 1 = /m 0.90
VS EIFIEE O/ R/ C 400/480
A I B K E /m/s 2.0
A5 I iR E/C 550
HEE R R (U, Pu) O,
PRBHE L 44 /mm 9.00
S B A/ mm 2.00
PRRHAAEE A 162
E 9 G LG (CBR) ~1

Table 2. Main parameter of BREST-OD-300 [21]
3 2. BREST-OD-300 EEHARSH(21]

SR AL HiH
/MW 700th (300€)
& 43
EREIF gl
WS MR EA/m 23
HeOTE M R /m 1.1
A ENFEE O/ DR/ C 420/540
Y N B R /m/s 1.8
i iR g/ C 650
HEE ALY (U,Pu)N
e AR H 185
AR R 16
52 N F A 2 60
HET G A LL(CBR) -1

PR, TEA R TIE AR ZETIEe. Hh, (ERRRHE A EE DL PGSR T, B R A A
Ab RN IE VAT, ANEUR, AR TR EA R K R T 2. BREST-OD-300 HI4a#ARLKIE T
JEZKHEZ OB S Ab B b BT HE L) U Pu & MA %8R, 7R R NHEIZ AT J5 AT fR%F CBR = 1 1) B R ZIREHE IR
[21]. fE)EAbFREFEH, BREST-OD-300 HURMH AR S SR B A 2% T2, FH H AR 23 R O 4 — IR RAR ™
Vi, R NEBAR U Pu i MA FIREY), ARG FIEATIARIE G, I HAE dfb 2 K i i T2 4038
R, AP EA VLR, RO SRR D, R A B AR R, O A RS R e
[21]o Bk, MZHritRI7E BREST-OD-300 HJ Pfima— AN S HE S5 Ab38 ), 5 b n] DLk re = k)
T i R v 5] R ) SR R
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Figure 3. ELSY adiabatic fuel cycle
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Figure 4. Overall arrangement of reactor of ELSY

& 4. ELSY R N#ER AR E

3.3. SSTAR

SSTAR % 4:#{ >}y Small Secure Transportation Autonomous Reactor, & 3% [ i 57 [F 5% 5246 % 7 2 /i
PEH ) STAR-LM W iHEEAl B vt 1 vl DATE IS S 25 2 vh g i it /N BUASTE e, B PE BT fim . B s s fl
IR 2 i, 5 5 ] 2R 56 5 SR BBV, DA R ARA 1A L ERE TR 2. SSTAR R SEH, [ piHE
Wit TI# )y 45 MWth (20 MWe), RHERITTER I EEREL, BARZE N1 6 BiR[22].

SSTAR H 1 N & il HAR[22]: 1) RMNHEHESZ S, BERIEIMIAEARL; 2) nEiit:, BA KBRS
Al AR SRS L 3) HESSIFE BN 15~30 5 4) BAA A SR i B 3 R IRk RE A, fE
PR BT ME, 4R Mbs 5) REXHRBIPGE M R 6) [RIEE A AEN I IE A CO, i
WAEIR o SSTAR [HH A H MM THEE R, RIFMIFA T2 AMERE, B8 MAT g IR By #077,
W GIF 3k N =R A RSB B r f 2z —, HARR T/ B SREPAEATUHE I 20 Ak e Uy I,
S FERHARSHUE 3 FiR.

HT SSTAR KA T KREMFEFHEII T, H AR K I L I MHER) TREFR R, B LLE I3
AaEbE TR SR, 5 EEE R SRS, T 2011 4% SSTAR T T — R4k, HEH
T A AT PR A N 5 ARTE IR A A P E SUPERSTAR. SUPERSTAR - [H] R AR SR SR FBRIG . CO, A7 5
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Figure 5. Overall arrangement of reactor of BREST-OD-300
5. BREST-OD-300 X R 267 B

CONTROL
CLOSURE HEAD ROD
o DRIVES
CO, OUTLET NOZZLE CONAROL
QR ROD GUIDE
€O, INLET NOZZLE TUBES AND
(1 OF 4) DRIVEUNES
Pb-TO-CO, HEAT THERMAL
BAFFLE
EXCHANGER (1 OF 4)
GUARD
FLOW SHROUD S—)
RADIAL REFLECTOR REACTOR
VESSEL

ACTIVE CORE AND
FISSION GAS PLENUM

FLOW DISTRIBUTOR
HEAD

Figure 6. Overall arrangement of reactor of SSTAR

[& 6. SSTAR R Rt 28 E

PEIN, AR T IR_REE T, RN HEDR E SSTAR K 45 MWth #2553 T 300 MWth.

ELSY. BREST-OD-300 1 SSTAR =AM FESH WA/ JARE T KB R LA A P, H A TolkoRia
BT VA HRHE RN 5 SR PR ER VA DRIE () R JB T 1), L R BAR GRS e 25 0% 4 Fiow
4. SEAPIERIGERIPEEE

AR IO P PR AR X T o Ath e N HE VA ENFAT BB O, IF AR ET RO C AR R TV 2 AR
W T AR, (E R A DUE ) R R AR I I 1 2 Bk, FEERBUAECL R LN J7 1 : BYROAS s s
WS EYIANIE B PE ;s B EN )5 B O AR g5 MR = AR S il fe s o G H 7 i SR A4 057 i it 30
FEOUR,  ASET S5 A AR D JS LA BIR ) B VA RO e e R B A TR 2R
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Table 3. Main parameter of SSTAR [22]
% 3. SSTAR EERARSH(22)

i HiH
TIH/MW 45th (20¢)
% 44
FAHH 4%
W EIFIEE O/ R/ C 420/567
i iR g/ C 650
eSS RIE R (TRU) N
PR AR /em 2.5
PR =R E/C 841
PR DD 3R % B /W /em® 42
e FE W /a 30
HeOHETE L (CBR) ~1

Table 4. Comparison of the merits and demerits of the reference core

4. BEWTMRSLE

SR P R
ELSY BB DR SR REE . SORHE s TR R HEP R AT i 7 ENFR R U

S REHER A G 29 Pk RE SO I BACI ORI . JRRL R S B %
PG TR T B AR AL AR BT AT 5, AR

SRR MGG HES 2 i, BRI K i YIRS N2 S i N |

A HFURI BRTEIS . —Inl B IR IR S CO, Al & BRI IS R BOAR TE I3 A2 S b HE TR 7 2

BREST-OD-300 P ENFR B R B

SSTAR

BV (327 C) R e N MEAE it b 75 SR FH B SR gk i DR RO, AV R0 R G R RF A2 0% 5 (1) iR
JEE DA 1E VA E057) B [ 33 FEAG 2R o [R) B vl v 0 70U B 45 s I PRI AT RNk 3 SR 7 TR 3 S5 VA ERMEAR TR,
A VTR AN T25 B A i A B 0 e S MEAZ O R tH T BRI Bk AR, TT 5 A PRIEBOR SL R 5T [RII,
FEXT SRS HELE R U RE LTI, B I v 2 R T s o 1A O 2 5 B B R I OB R R

THAS & 8BRS R ) JE o 2 BE R BRSBTS 1 3R LL S0 (U Niy Cr) B W Al 8 ok
fe 1, Niv Cr & 4407E 500°C~550°C N EERIE 1~10 mm/4E[21]. SFX 8 e B, 4% . & FIRK
WEEFMAL LT T 20 ZEMPR, HArEEGMH T2, —RRmEN, R0 iRy
WE. HAmE R AR A TRHE IS T A58, BN A M S L B AR AT IR A 7. £
BEARESRRININENEHERES S B RE—EM AR, BIEEiT R+ &R A
T JEF= A N RS EUR EIL T, TOI T R R AU B T R B RNk AT AU, 28 B BB E [21]. 18
K47 fe, BAREYRE BWNIR NS, AAHE AR FHEM SRR, BRI R ENY
BEEREIE 500°CHY, I HANT T 57 kg5 M ARk B A B K R AR E A . 18] 7 Bosh ELSY %
HFISATIE[23], ELSY SN HEZS 83 F1 3= BEEE MM B R H B IRA4N SS-316, 7E S00°CELF, 1 %A
AFE R DA RO Le AR BB GRS BT TR AR B A ORI AR G . SR, dn S P
I 500°C, AR B RAREN IR R AL )2 AN BB A K TA) ) DR AP, D6 25 R CHC At it R B 1 i o,
IXAHSE ELSY #4057 H 1R % 480°C [ R AL

THRR T RS R S HERI T, A 00 0B B = A A B 1) A IR AR Ry R FB % . IR SR &%
] WA 25055 7 45 KA RE B A B R T2 A7 RN I 7. H T2 EHE A @A A AN . Alb
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Figure 7. Operating temperatures of ELFR
7.ELSY WE{TIRE

IR Z AT RERR B S SRR HFRIR LY 550°C LI R e 4 kR kL, (B2 BARw] SE AT 75
BRI AR . R, BRI A — Be s & IR AR HEAT VF 2 OB PR AT AL

5. &t

H R R R AR LK, #rA TR R T FLARE0 2 GIF MFTE HARE R 1. JFHik
SRR T JE Tl ) A 1 SR R DA B A I FIAE 22 4 D7 T B B AR 3, A PR HER B TR
WISRE, RS HE LA E EE RN T, =N FEESEHER ELSY. BREST-OD-300 F1 SSTAR #B
KB S R AR B RRE, I HL T RS R S5 M A R B Tl s ey, S MR v D 7R R R R ) AE
480°C~567°C o BRERAFTESN JIHAAAE, MEIES ERIFINMILES 2N, B RHEE ) SER T, %
VAR ARG H L R 5 A RMR S 55 )7 TR 2 BB (K kg o [ AN A3 520 J07 00 T B B PR A% 08 e
(RIS AT 2258 T DA HTA DR HE I R A USSR AR G R R YA A, A TR 2 % e R R HE ) 7 v FE
rh EITEET A DUHE (1 R TR AN A St R [ IR0, SRR MR R, AN I 0o B A TR 1 S el
W, DT 2 e S HE PR 2 A P RN 22 5 1

SE WK
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