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Gas-Cooled Fast Breeder Reactor
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Almost all the R&D works of gas-cooled fast breeder reactor in the world
were terminated at the end of the year 1980. TIn order to show that the R&D
termination was not due to technical difficulties of the reactor itself, the
present paper describes the reactor plant concept, reactor performances, safety,
economics and fuel cycle characteristics of the reactor, and also describes the
reactor technologies developed so far, technological problems remained to be

solved and planned development schedules of the reactor.

Key words : Gas-Cooled Fast Breeder Reactor, Plant Concept, Reactor Performance,
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(b) FORMEDOEERIZIOBEUTTH S,

(c) WmARE/ w2 E 200 [EICET LD, FHEERIE L msec T EL,

() @FRICL > CTHINENABMT A LF 10k »C, BHMEAR LR 55, FO57 Y 558
THeaTH+ v o F riCdh > THBHENNE, S4 0BEEDLRICMZ LT EMNTE B,

T AN AHRBBREOHEICLNE, 350 MWe GCFR RAEFD PCRV {4 2000 MWs LI_ED
BT A I LTEAMAHIBE LTS, LED-T, 2772410 L LETH
D, GCFRDPCRV I &b TEREERTHLI -7« 541 VEBBRECKDMA D 2HIE
ThHBETEA D,

5.3 IREEME

GCFR O#EMRIZLWR DZhi b &S <, AL, LWR SH&LT, GCFROLM/NE
WEERSND, T, BELSAZES H{LFEHEDARICE LT, GCFR & LWR TlafEfE
BEThdEELOND, T >TE, BEEMERLOEEESLL, LWR &, GCFR &FEILA
HTGR & H#: L7455, GCFR OFREREAEATH S,

GCFR TH4ET A MU E T I ORIE & - TENT 298RS & EiT 1 IRGEIR He
HORFOREILICE 2 b00HEEFZ 515, GCFR T, B0 L 5 S VERME
ey (Ny FEBRED BEASATED, BRE e in e LSRR AR ERYIE He ML R
%GR, MoRES S LIciR,S, 20 He #i{tRiGERNICRLT 2LEPH S, E1a
BREIR BT IO (DD BRI A NBE LT LA EESH D, wEMDYy ¥ 7Y v IRELS
B0 AH, CDfzd, GCFR THEEBEEMRNRT ONTVED, TUBRENEOEERE
LT, BB eV E %R, He fifbR, @ElZ@FR, HEMty v 7)) v FRBEZ SNB,

SRR E O BE~O BB % Table 942, GCFR, HTGR., LWRIZDWTRLI,
WEROEFE S 1000 MWe BRHEINCHEBILL T3, ZOFH» S, GCFR O [ IR F
WEDOKIBESEBH TRV &b b, #OEEEHE, GCFR TRTUKEEIME L&,
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EH2AGA PAICHETACEEEATOA0IHL, HTGR & LWR TH-RIEFBROKE
IO 3 C ERREL TS, 2EiKdb, b FyLicBLTE, GCFR TidBH LR
Mt 5E LiCE-ThYFoaks LTHEMDLBREL, +4 PAFET 2 LE2ELT 5,
Bﬁﬁ?ﬁﬁ%%ﬁﬁhfﬂﬁ¢®§ﬁﬁﬁﬁﬁz%%ﬁ®bU%Wbéﬁﬁﬁﬁféﬁéﬁﬁ
CE DL, BHDO *He © (n, p) RIS L 2HEHEN 12 curie /yr, BORICK 5 HER
45930 curie/vr, 757 74 Fcho R *Li (01ppm) @ (n, a) RIGIKE L ERE
51740 curie,” yr, CH 5,13 EASEE HTCR TRIME L 75 2WEEFE, FHETHRL v
EENSE N A ERFOES & AR B4, Lo ) Fv o REBOHBRIRIINS D
Lz ohs Y coER, HTGR D F U Fv oz s 7 7 7 4 DAY P LI TH
. He o *He TREWL Edibmsd, —F, GCFR TEI 57 74 PEEALELOT,
BIEMICHTGR £0 F U F o sESBRSLED B RL T EHWBRBICERTS 5,
AEEERIC B AT ERBIC L AR ESNR S LU FHOTEFERBILGAD
% Table 10iCFL, LWR &DHBGHELE, COME, FEEER Y] THEH,
LWR &g L TS TENWC &ibhhd, $72, Table 110, KRILRERICI /A R
NLEEE LURSMBE~OEBESERT L, LWR Lo SHE LT, FRIGHA A
@iz 15 Xe, MKr THoH, LWR EHET 5 LEDTE, o
B ST AR RS EORE RO FRELERTHLLFLOND, T
DEE~DHIHEA Table 12/C LWR, HTGR £ HEBL TR, CHSERIRBIHOEER
BADEEBESA Table 131070, F¥ICLWR &0#s Lo, FEEEISSREICHL
136 0o FEREEBICH LT P Te THHH, LWR SHET 2 EHmDTEL,
SRAERED > H b a BERGHESEOB T v b = aigBOERICE L TiE, GCFRHE
LMFBR & EEES 5 EELLNLH, DT~ FABEOLH, FOB7T v =768
Bl EOKASRIEE LD IREIFIATE 579, LMFBR & nEFHERENE{EELEE
Z5R5, LWR &4 5E, 99 VBEEHOALLWR LD 7wk =9 a2 07 GCFR
@ﬁﬁ&fwh;vbﬁﬁéﬁ%m§<méﬁ,TwﬁLOA-Uﬁ47w%%itLWR£@
AT IS 7B XA, LWR & LMFBR stk GV mo BRIt R TE 3,
EEEOREBLEEIC LTI, GCFR @EERRAHLLVLOT, LWR &EROERITRHE
it AREETH S, LAL, LWR LB L TENE FOBBERICNAETAERGFE LY,
HTGR 06 & i & 1t LWR FIRE450 man -rem/ yr BT TH5&ShT 58,1
GCFR T2 HTGR 45 1F 2 WA E D 1 KB~ O ILH T & 5 KRB O £ 5 W HR L
WTPELC, EREEFOEPLERITHLEEL LN D,
Pl Fif~c- GOFR OISEREICE LT, CGCFR BV IR EROBERBERLTI~THE
CEBSATHEDICHL, LWR OF - 7 EEBOEEFRICE I LOTHSL HIZHEEL
T LEHH D
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6. % E

BFFRED 7 2 MG, SIchB T IETHEOMAARLLIEECEIRNETS 5, KD
WRETAHERBEAT 7 P BRESFLBESATOAE LY, HE0RED YRT LPBHAREDH
BB H D, SROMESROERICL » THE, NEESNL I EATFHINEHEEICR, —
BEFFREOREERE IRETHS. Lich-TLMFBR & GCFR OE#M M 7 R R
ETEROA, BEMBEECNEES SR ES W0 Eh o, POTEELCARPRH
BGEHBRBAENT ST L0 HEERIREAR(CEESNLTE, VAT LA2EMNPCRVAIIRET
&, VAT LNEBLERS T E, KKEHLLEME BY 70 - T T VAT LBLAETH
L&, BEHAT vV AEORDICRERMARARICFIATE AT L, EN GCFROZEFEN
TEALATH D,

ST, W >hOBBETHE I N RGHB G FIF L GCFR @2 R S HHE, PWR &
AGR @2 A hILESIC R &, MHEANCPWR & GCFR @7 2 b LB AT 5, F/2, T OHEIC
HE, ks R b ATEEATELLE L, GCFR DFBESNH 3ME#( 7wa % b
RHEL, TOEDEUMITOOTRT S,

6.1 7S bFaRFk

(1) A AREIEPYETF & GCFR D EHE

#[E® TNPG (4 AGR & GCFR,"'®) 7 5 v 2 Technicatome 14 GA ##d HTGR &
GCFR, " ico W THBMI 1 1 @75 v b 2 2 P AT/ -7, Table 4l FDFER
EF LD LDTHDB, COEMS, 2BHEOHBHEBREZEEK—RLTVWELERAS, 340
5, qumfﬁyr:zhM5%umTﬁ£%mﬁ2%H@¢ﬁ¥ﬁ®7§ybzzb&%ﬁ
BThHDET->Th, BBIICHE TS L, GCFR #3512 PCRV, He BIREE, ENIHEBE,
Sasie kR, He M{LRIC 0 TH RGHADH THBEL D SMMICK D, BRAELESE, BRI
y—Ev7s v, SEEE NEBREICOVLTLETS 5,

(2) PWR & GCFR o ki

1977 %, #HE® National Nuclear Corporation (NNC) i PWR & AGR @ 3 & B ETT
50,98 1300 MWe AGR @& & 2 2 112 880 ~ 1020 ./ kW, 1100 MWe PWR D& A D X &
(1800 ~950 8 kWTH B E Uiz, T/, IAEA L — M1 iwx 3 s, KED 1100 MWe
PWR O 1976 “ER S CORO HOHTEARD 2 112 930§ kW, 754 v D 1230 MWe DPWR
D977 ERETOBEAD X M2 9358 kWTHBELTWS, PWNROEEBRE I HL b L <
—HH LT d,

COREE, AGR $PWR SIEIL 16~ 20 B¥EA 3 X MAEE D, GCFR & # 2B HI#G
VEFOHB LD, GCFR & AGR O&BAI A M EFEETHLLELSNEDT, GCFR O
BATAMIPWR EHBLTIE~20%95UbLTFHETES, PWNROBEXRIXPE G508,
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KW (1977 G4l &L, GCFR OBAZ R b4 11508 /kWET 5, TOEEPWR &H#
LT20%HEL, BRFNEETHLLELON S,

6.2 BEUAIA3Rb

o o PRV IS A FT1T S fodlcid, iR A b, BBl A s vD R P EY T VB0
eI LT B NEhd 5, BARMEE LT, 75 v H0BE BHR %, %) 10 %
LU, 0z ABEMES  KWTELTI ST 3, BEORIICLEE, 77UV Y a Ve
EHL. bod BEFIAERETZIPEENTHLELTL S, CORBICETCE, GCFRIT
F o TESFIZE E LV ERICS B,

PWR OBEL 4 2 2 2 FEBIT SRR ODAEL SHBESNT S, Pz, mELDE
W4 YT A v e I EASROES, TEEHICLELY T Y HENOEBILEBTATS S
ESEOIIC L S &, BEMEELSOEMAEIX MY, SETE08 kg, BET 5308
kg EEBITV 3B, PWR OBAICE, HBLEeFERFRHEZTOE SERT SABRNSA
ANTVE, oS, BMEI 2 EETES02 M, SET458 kg, EETSI30
$/kgﬁﬁ%&éﬂfwéogﬁ,PWR@%%%MI:Zhmmkéﬁxﬁﬁﬁﬁﬁﬁﬁx
1508 kg ETHIEHMEBTH S, AHHELRICDVTIE, TAUALT -2y Y OPHIE
E0, 100 % kg £ 5.

Eirox FIELTHE, REIZ MCEHREEHES (~6%) , PWR &GCFRTAINIC
B BLEELLNY, PWR & GCFR 0o 2 v 3EA—TH D ERE L, DML
Mmoo &t b,

Table 15 icit, SiEksEQME = 2 b (650 $ kg) 2REELAPWR ®3 2 b % GCFR @
TR EHE L S EEETR LT, COEE, GCFROFESNIBBMHF A 7o X b &,
PWR®DF—4 /3% 75 GCFR @A 22 » 11650 $ /kWEES 07 bDTHYD, PWR &
GCFR Db —~# w2 R rZE L E LAIBADGCFRICEIC T EDTE ABEH A 703 X b
TH B, UsOsflisE LT, 458 1b, 758 /1b, 13768 10 ®38r -2 EERLT
VB,

Table 15 0 GCFR OB SN S 2BE 4 7 43 2 + OHRIEME (8 kW) 3, BEOM®
CABAERTHC LI LT, BURHNERLD ORE+A s vz 2t (8.7kg) RART
L EpTxD, GOFR OART 5 v » b SIFLOBERE L REMNT PWR OREHEEE
EiE L, § kg BUOGCFR KEASNHIBEFA 7 02 2 2 EFET HL, BFDEIICHS
%o

U;0s 8 #& (8. 1b) 45 75 1375
xS B GCOFR Mkl 4 2 w32 b (8 /kg) | 40 x10° | 52 x 10° 78 x 10°
PWR k¥4 2022 p (8 kg)ickid Atk 45 6.2 94
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PWR OBEHES AL LT 5 &, GCFR OBEHESRGHEMIHEE LTV 445, LO/RR
I, COLEEEEBLUTHRDNE -V rdhHdL EERLTV D,

BREE V0 DEES LD SEREF 4 7 v D 2 R AEHTAUE, FAED 2 M ICRERGRTH
275, MENL D % Q&K OBETT 5 L AIERICIE S, 1200 MWe GCFR O BN & v R ¥
14 83,000 A%, #LEHI7T PWR O#RE v AR 60,000 KTH %, M-I ORI TER EIE
3ELLBTHADT, BTFEEMICHIBE CV2RROLBFLARE E v AHDEFL
St B, 97 fEEAEL $ b EFBE, PWROYHA 703 R b (8B 703X b
—w s vaR ) 1988 KkWEN D, —~F, GCFR CHPIEMBEERCLEBLALLE
FLENDT, w9 a3 riEETEREEICE,, Lid - T, Table 15T, 45 8.71b
U, 08 MHSIz s 28B4 2 4% D315 8 kWA S > TGCFR DY #4 7 w3 b &F
B EMTRB, COBR, #HCyEyoaz i, GCFR T (315 8 7kW).~ 83000,
PWR < (198 § /kW).” 60,000 &7, GCFR OME LYy ¥h Do 2 FEPWR DTHUTHL
TI2EL CHRTEDL &I, LD-T, EMBU:0: ZRALIESGTS, GCFRD
LT ATERE C VI s BRANBAZEMLTOANE - IV ERAMM LN TS5,
v 5 UEHME CRIUE, FRIC LSS T~ Py B RINICIMT 5. ,

GCFR EPWR D P —# a2 vASL T AT EME - & bREBILLHEE, PWR DR
BLA TG EHHL, TOMBEERSN0 $. ke & LABETHE, ZOBE, GCFR O
HENSBMEH 4 7022 %276 8 kWHRTEAENHO, v - Y2 RNITHET S L
wti s, UL, PWR OERFESREEBLELEEY S v2HABT 3 HPET 280 HE
e 505 AERAEETLETTED, TOMEIZT 8./ b LK) ECHEBIZES
t%ién%obtﬁcf,PWRT®%HﬁME@&FRﬂ@@ﬁﬁ%%wﬁﬂwﬁﬁﬁé&
22 55D T, GCFR & PWR OBRFIEIEICH T, PWR SMEELEEREE T 5405
LHBENTHEEEZ OGNS,

ut®ﬁﬁﬁﬁmxof,?—9fowxﬁﬁéﬁ&@.%@%%K%X%#éﬁ%@ém

CGCFR 3% H#)1C PWR L85 T%, GCFR EPWR O k-5 a3z r&HELLELTS, GCFR
CHETE BME A 2 vT A MICiE, EEARE C VT, SEELE,S S - YV ER
BICRATNTODEZEZLTILENTE S,

uﬁ®ﬁﬁﬁm,fwh:vbﬁ@%o&tfm60¢@b5,iﬁéntfwrzaauﬁ
~NTGCFR THE L, MET 22 E4ELHL, Tk =9 ffEE L TESEEZEE TN

GCFR @& 5 7d ¢ i Rtie4H T 5 v 2 7 L i L D BHENICHEFNICE S,

7. PSR » WERBAREITE

GCFR id, # X &H#de T4 & LMFBR OB%, SRS ARICERTE 2 HEFT
550 EETSRRTE I, & >TlE, ChETITNONTE MR, SRLEESNIFARR
BRiC o TS & AT, MIEARIHE - TERAEO—FIZT A ) h0BEERLE UTHENT
B
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PWR OBEIESAS W#d 5 &, GCFR OMBESERIHEETHEE L TV 50, LOER
i, CDOTEEFERLTLRDU - vBdH bl EERLT S,

L YD DRSNS BB 703 A AT hE, FHRED 2 MICEERRTS
L5, MET D 2 b O&L DRET AT EAHEEICIE S, 1200 MWe GCFR DB £/ A8
14 83,000 A, {LEHE PWR OB E A EE 60,000 R Th 5, HIRFIF O BENR AR RN
SIELILBEBTHLDT, BFFEMICHLHE Y 2AROHFPLABEE v AROLEFL
St B, 97 EHEAEA S 1b £FBE, PWROU YA 7 vaRb (=B 702X b
—w 5w R b)) 3H1988 S kKWETE B, —F, GOFR TREEMAHEZHRLEILALLE
ELHEOLDT, 9 VIR MNIERTE BREICED, LT, Table 15T, 46 71D
U, Os HiHsIc &g 2B 4 20 2 b D315 8/ kWA S ->TGCFRD Y #A 7032 b &F
LT EHTED, COBE, BECyYhoaz b, GCFR T (315 8 kW), 83000,
PWR = (198 § /kW),” 60000 &7, GCFR ®ME M) ?d 3 R EPWR DEAUCKHL
TI26 THARTEL LS, Ld-T, BHB U0 2EALLIBETS, GCFRD
WS T ATEREE Y ICh s BRABBAEERLTLAS N - Vv ERAD I LNTES,
W5 U EEDSE AU, FRUC Lo Tw — Y v S RMICEMY 4, ‘

GCFR EPWR D F —# a3 R FEZL LT AL E08 » & bREICE B8, PWR DR
BAFNHEEEEEL, FOMBEEESN $. kg & LIIGETH B, ZoHE, GCFR DG
KENSLBME A 703z AT S KWKT BSENSHD, - JVERNCHES ST
icti %, Linl, PWR OEREREAENELEEY 7 v ABHMT PR 5210 KE
HI& b Y 5 VERASEAT AT THD, 2OMBILTS 8 1b LDHEDEVEEIZES
LEZ LMD, L1 -T, PWR TOMEFMEG GCFR FHE O LLENROEBHICEET 5 &
£ 55D T, GCFR & PWR ORFHIEIZH O TIE, PWR SMEIELBEARIRET 540
LOhEENTHEIEEZ SN S,

Gl EORIRRIC L - T, F -7~ 2 RELEHE Y, ORBRICEAHELSHHEL DY
GCFR B37SHIC PWR L84 T%, GCFR EPWR Ok —srarr&HL0& LTS, GCFR
CHHETE SME A oD 2 MCiE, EESRE Y VL, REERECSS b - YV ER
BICFAEFNTVAREZBALLENTE S,

ML®@ﬁTu,f»r:ﬁAﬁ@%O&waéoﬁth,&Eéntfwr:oAmi
NT&FRT%%L,%%ﬁéctéii@wofwhiﬁAﬁ@&Lfﬁﬁﬂ@%%E?mi
GCFR @& S s ¢ tehtitkhe 483 5 v 2 7 £ i L DEFINCHERICL 5,

7. BNBEUE x FEAPATEETE

GCFR i, # AEHI#PHETH & LMFBR OB%, BRERESKRCERTE 55807T
5B EAFSMNTE I, T T, ThETINONTILME, SRLELINLMAR
Wi OB & i, WIEERIEE TEREO—FET £ ) nO5eERLE LTHENY

BDa
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7.1 BREHE

BT TCORFHRBICL > TERSNABMEEFRET LD TOL DTN S,

(a) EEGHRBOBE, FETELEHTTHREC Y Sy Fub o BUREETAREST LT
LHHEETH Do ‘

(b) 7AYADZPR-9, A4 XD PROTEUS K 2FHMEER - AT DR, HEH Held
IR BIF A S, He 2B HMET 5 itk » THET 5L EORENT,
CEPRETES NI, FHRESOEMEAREREMES KoLV T E, BIFOSARY 1 70
MEEABZ AT ¢ B S GCFR ¥MrE T AL & bEGGEX N7,

(c] EBR- lic#H 2 58eE (13%) £ TOME e vHEEER, BR- 25FICHH 5 28000
MWD,/ TIKES 12 KBE €5y FVRHEROMR, [EHFHIIMHE v (@Y S #eE
L ERTEIEEESE N O EARER I N,

(d) MEEBOER, MEEAAMEL, BEC VicA 2 G S 2E L TR EOHEMER
FARE 00 L S IC AT O R A HIRE B O & AT TS B,

(o) BEEREBULHSOVWTODEFVEABTRE 70— V- EAROFHR, HEZFLA SN T 2&EL
JU~ACktd 5 PCRV BT AI8ETH D, EAERICRET 2ETORTSE <~V V2 RA
T& 5D,

) ReumEOER, HASELNGT 2EESES GCFR RIRE L, wEMEELLICLD
KREGRIGEEHNTN L, £ 4NLIAOBENRINERRD A # =X L3/N& (, po&ELT
H 5,

(g} HEFICE 2 BHREMHICHELT, BEARETHIET 2 L¥ENLLHRERTHCEPNTERTS
7, BSMHEERALLEHIICE - T, ERFEARETORBARESETSH D, PCRVIC
Lo THBEMBEEAFRTE S, £/, REERCHLOEECHELOVRELEC T, B
S EASHRARDT A LEF NI LSEETEL L,

(h) JEEICHREBA TR EICE  (UEBROBITOER, FLh 5ol s PCRV RITEEIC
FALAD BT EHTE, 20 LESMMUENIIAEETH H0T, BB LIGHNMORVHE
VE AR B0 T2 5, HETHNE, BRI T7Hy v Fr2RETLILENTE L
Ul bt PR R RICKE &, GCFR BEHEOM THRETHHEELFRD GCFR 777 ~ +

B AN TH L LT AHENERV,. HBA OFEFTICL B 5% O GCFR HEREAREE T A ) 4D

GAH & AD. Little 745 v F AEATEL, £ DLESHESNTHBE £hicL S

&, PCRV, EEF/A, He b, A&, #EhBUIMES, WMUERE, BHRARETS

FronTii, HTGR DBBOER S HIFRBICE > TEMDICHLTE 20 TEDEREE %

SNBIC T B EATERETE B E LTV B, AN, PO RS, T He HIEHE, MEIC

5
PR ICEI L T, GCFR TRBTEMILEERH T OBEERENE L, XHgEIC RS

BRI vIaEDsER0EEERS, CDTEEE-T, BEESKDO o » 7HBIKAR

SAEELSEL T, KHBES REESEMOENFE AT LOY - MICARGELLE

WA AN H S, LA -T, FFTF (Fast Flux Test Facility) & & O eiRa~
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v FEAVCILERPBETH S,

FIEEMICEAL T, BHERAREATRITL S LoFEERIcE W TS, DBDA (BGEHEERE
FEH) BILBWTHEH LRI 24EPHD, CORTHTGR EARMICEESL,  FRLEH
GCFR THREOHMTHLTE 5, Lo L, %M GCFR Tit, Wik, £y 7tk 3 &
{IEADTHO L EMBREATE S &, 7y - VBB UESL 5,

BRENC DU TiE, GCEFR TidME 280 1o E /P EHRSE e v 2 AL 0 685, CO@EH
WAFRDEIET HT EHCCFR DEGEILEL X —FRA Vb ThHhbH, CHETH, »UDELS
DBEERLZ T TEIY, Thho LBERESD TREEEZHEA~N, LALLGEGITEVT
HHEIPEEREE Y ORSHEPIBEONITO I EEAERTLILENS DL, TOLHITIREINT
WARBIERAAEBFLLUTOL S XE 5,

(a) BEESENORERHICREAT 2BINLTMEORITEZHRE vy FVERICL 25

ERtad Ay ) v/ BEICERTER S RITTREE O,

(b) BEERECERLTEELRITHEC v REOHEOREICE T 587,
e 770y Fezx~g+-HOMEER, REESEANOHELEANRE, 71007 ¢« v 7B

B9 26 Rt s,

() BRE S REBOSRERD 5 o 7, THEE 27 L OMEVNTIC £ AP S0

AT A OO Y v EEEROILA,

(e} ~Nw+—HELMiCEIT 52 7 25 —#RERORKEITESRPEFIHICE T 5 HEER,

(f) #EHEGEA A =X L2 BFICET 2HR, HICERILL EMEAR - ABIFBREREHNTLE
B1& L7274 #®GRIST (Gas Reactor In-pile Safety Test Project ) — 2 31 EHDE
Wi,

7.2 DIRBERSTE

GCFR Hiffiid, Table 16ICRT & DT, A RGEEGDE 4 & LMFBR Bilicikiz 4 5
HE L, M, EFICERTH -7 GCFR HFFEBEFIZ, HTGR, AGRAHIFL TV EEE
Bed, H»oUHREAC LMFRR GTEOEBIE (77 »22KR<) 66 -T, GCFRIHEHRET
HotoAF YR, FBFAYOFFEARE L, &K, ERERNOFIHFEDRRE LT,
TWb =Y L EZRBICAVAGCFRTEZ 7 AV AKBOWTbAHRIET AT EiCii~7z, T DF
R, 1980 FELL~NBEEDOGCFRERT 774 74 7 1+ —FHAEMITHE/ N2 TLE o7z, LI
2T, PITFICR~S GCFR BREIEZBEOLO LD, AEFELLHEDTHSE, L
L, < &£ TCCFR BN ED L S UED FTRITEONTEXAAENEIBEERH LU S
ThhHD,

GCFR BEZEOBISEE, FHEIZ >0 Tid, WEEH, BRETAEREELSZHT, M. Dalle
Donne #&EDEHBEES % L, OECD NEACEHE LTV 5,2V #Wic 2Tk Co
REBICDTLELT, CSTH, TAUAZFLELT, EDE3ICLTGCFR 36 % i #
L&a&ELTOibhi#EN T 5,

7 A1) A0 GCFR BRHEIL, GAHZEZRLELTEDSATORE, ABELIE DD
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14 1976 EES LA GCFR i B4 X1 57D KBELHBAAB Y LA TH S LEAL LN
5, BE, TAYSIBHOTEEEOHEA (Fig. 17) 2R THENBIDPPBASL,

HBA {$3 — o %D GBRA (Table 178%) &#ic R0 GCFR R TAH O, Table
BIERT LI EL D&ikmBmL, GCFR ERFTEOLE, EEGAIOL KR LIS > TH
#po@ic GCFR ffA(b AN T AC LA AN E LT ahi, Linl, AIEDEDT 2
#EHFE GCFR B85 kit 4 L, HBA 2 £ 0B, XA bofE-YdE5Em Ly
REET, 1981 EBRAIE Y BEIGECIREEIC S 5 T b, BEDHIC, HBA RN HERDT A
HICH B GCFR BRERE L Fig. 18R L7,

74y AT, GCFR BAL~OHEE L TERFR 71 V&4, 7L, REF, FiLF,
BHIEDRF , 75K L %2, Fig 19IGRLUFEATRL, € ORERFE 350
MWe BUETHY, 1985 F % TiCiTr 5 Bat, WHEEEIEE Table 20 iC/R L7, Table 19
1% U 7= 350 MWe GCFR ® Program Definition and Licensing Phase X9 % 1980 £ 5 T
®iFE, Table 20 ~ Table 26, WIE#lE, FREEELLLMORLI, 74V ADGCFR
BEFe A3 1978 ERZ TTTI T Fvs B o N, FEHE TOROEEEO RO 7000
HEvEmADE, RO GCFR AEICXHs N B, £ETH L0005 FicELT
W3 (200 22 oy mahi i3 SORREEEA TN, '

8. EBEY A 7N

GCFR O ¥+ 4 7 w3 LMFBR @1 E AEHICE LB L, B TOEENS S LT N,
gl e I TOBICEATER, WES LHRN4ZETALENHHT L 1 ES) ORKTFER
CERE A 7 VILERHE V&, BLUOEMABRBRICEY ZRMREE DO Pu &5 BYE
wo b, BETH B, Lirl, BEBEY A4 70077 v VERDENSEZ S E GCFR,
LMFER BOMEII N VWS EZLLENTEL, > T, (NI TORERBOMBELLTU
_Pu A 7 CE LT, GCFR ~® Th #4 7 vl d ol s L TR 4,

8.1 GCFR~®Th A L BRAFEEM

Th 44 7 MidEREIEG ARG & LT, BBy 1 7 Vil (INFCE) @HICE
TEOEAMSERX N, SEEO Th 44 7 LFIBIB L T INFCE # S EEHIJTEL
TR a2 B8 Uyg s LB LT EE (LMFBR, GCFR) € Th %4 7 vk
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< 77 7A*CEA, Seclay +Grencdle

~n#4— + CEN, Mol.

F A4 ¥ -KFA Julich

HAMEPHARS (GBRA) | Brusse!
~a#—+VKI (Von Karman Institute}, Brussel
LB X - [[&t - BEH

A%z —F 2 *AE, Studsvik RZ—F (Nak A7)
¥4'7 ~GIK. Karlsruhe FR~2% (He--loop, @5 F)
¥4 v -KFA, Julich BR—245 (He—loop, B3H)
PlutesF (A7)
4 ¥Y R -AERE. Harwell DFR—F {#7€n) , DIDOF (Cop & LIFHe loop)
BR-25 (A7 s LIFNa—loop)
7% A +-CEA, Saclay & Grenoble, Rapsodie (A7) &
PEGASE#®H (He—loop)
ZA A -E1R, Wreulingen, SAPHIRFE Na ##7&n)
(8% - BF - REH JMTR (h7+n, OGL—1 loop BFZFH)

o ZIMME ARG (GBRA) | Bruzsel +Euratom, Brussel

¥4 »GIK—5 iemens, Karlsruhe

77 »Z -CEA, Saciay

A4 Z-EIR, Wureniingen

14’ #Y R -ASRD (Safety & Reliability Directorete) , Risley

4 ¥Y2z+AERE, Harwell

R 2 —T ¥+ AE, Studsvik

F-ZF U7 -SGAE, Wien
LEK - Rt - HaER

¥4+ GIK—Siemens, Karlsruhe

HAMBFERARES (GBRA), Brussel
Z4 Z -EIR, Wuarenlingen

1972-1973 M2 D

F " A 2 RERIX:
M Man years ~
0s 26 6
0.6 12 3
40 8¢ 26
0.5 12 4
0s 14 7
1o 30 4
iz ] 9
L5 27 L9
05 24 22
- - 7

C1YTZEEROS, EFEBIRZ S v -FAOAMLRE




JAERI—M 82 — 084

Table 2 HTR & GCFR #8ER F
o '

ttems Typical HTR GBR
Kernel -matenal - vo. [[SREL P

- parosiy M 13

- dizmeter o m T80 450
PeC buffer - thickness «m 35 45
PvC seat - thickness oo 63 5i0
&C - thickness wm 35 0
A€ auter - thickness »m 33 none
Hot-spot - particles  *C 1300 950

- contaner VC 105) (paphite) 900 (sieel)
Lowest fud temperature >C 500 300
Particle power | pesk} W 0.3 1
Fluence { DNEV {peak) nfem- Ix 107 bx D™
Burnup jpeak) M 80,000 1 00.000
Dwell time (RD% LF‘,-- year -3 082
Moisture in cooiant ppm 0.1-1 0.1-200

! DIDO nrckel eyquivaient .

Table 3 GCFR & LMFBR ®F.LAMHE
RFEE SO LEE

GCFR LMFBR
g 273 % 346 %
Ak M 608 45.1

wWEE - REY 11.9 20.3
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Table 4 GCFRESREASFOFH 77— ¥

4

Gas inlet temperature
Gas outlet temperature

Gas outlec presgssure

| Total gas pressure drop

Water-vapour pressure drop
Feedwater temperature

Feedvater pressure
Live steam temperature

Evaporation temperature

Pinch point At

Power exchanged

External surface of econcmizer
External surface of evaporator
External surface of superheater
Gas flow rate

Water flow rate

Dismeter of outer shroud
Diameter of ioner shroud
Bundle height of economizer
Bundle height of evaporator
Bundle height of superheater
Tube length

Humber of tubes

Number of tube cylinders

Outer diameter of tubes

Ioner diameter of tubes

Transverse pitch

{ Longitudinal pltch

L

Feedwater pressure {(bundle inlet)

Live steam pressure (main collector)

kg/sec
kg/sec

g

B

565
250

86,
.66

14
121
136
126
533
112
335

29
606

1575
1237
801
370

210.
. 682

13
432
34
25

i9.
35,

35

I S > T ¥ RS R W |

.66
.73
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Qutlet temperature

Table 5 #2@EEBOEEF -5 P
Main Pouy motoT
circul ator

Speed Tpm 3500 %00
Impeller diameter m 1.6
Impeller apeed (0D) mn/sec 292
Outer diameter of diffuser @ 2.4
‘Efficiency (stage) A 87
Power {impeller) MW 19.7 (7)
Inertia GD2 kp/mz 4100
Rated voltage v 6300 3350
Rated fregquency Hz 58.7 15
Gas flow kg/sec 370 94
Pressure (inlet) bar abs, 86 .4
Pressure (discharge) bar abs, 90
Pressure rise bar 3.6 0.9

°C 260 260
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Table 6  GOFR & LMFBR QMFLBIF— & & sntksgo b

DESIGY GCFR LMFRR

PARAMETER

Fuel element technology assumptions.

Pin clad :

- Material AIST 316 L

- Peak fizsion gas overpressure bat Qo 50

- Peak mid-wvall hot-spot temperature °c . 720 720

- Can thickness/can inner diameter 0.05 0.07

Core fuel :

- Material (U, Pu) 04

- Peak heavy wetzl burn-up Mid/kg 100

Azsembly :

- Material of wrapper and apacer grids AIST 40S

- Aasembly gap/key widcth pa 3

Thermal plant data,

Primary coclant circuit :

- Pressure in the reactor inlet plenum bar S0 7

- Pressure drop inlet-cutlet plenum bar 2.4 A

- Temperature in the inlet plenum °c 2560 420

- Temperature in the outlet plenum °C 560 600

Total nuclear island pumping power Mie 126 30

Plant thermal net efficlency % 35 40

Core data.

Fuel cycle sssumptions

- Refuelling interval at LF = 0.75 years 1.0 1.0

~ Core fuel in-pile time at LF = 0.75 years 3.0 2.0

Core fuel pin :

~ Peak linear rating Wiem 400 500

- Inner can diameter mm 7.0 6.3

- Clearance between cans mm 3.8 1.8

- Active core height m 1.40 1.10

- Axial blanket height (each) m 0.60 0.40

Core volume m3 16.4 3.0

Core volume fractions

-~ Fuel 4 27.3 34.6

- Structure + claddiog % 11.9 20.3

.




Table 7
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GOFR & LMFBR o#t o i Y

DESIGN GCFR LMFBR
PARAMETER
Main characteristics.
(corrected for burn-up and streaming}
Kid—cycle fissible enrichmenc A 13.4 14.3
Burn-up reactivity 2 0.4 2.4
_Streaming loss of reactivity A 1.1 0.
Internal conversion 0.85 ¢.81
Breeding ratio 1.40 1.22
Net fisgile Pu-production kg/Mie vyT | 0.29 0.15
Start-up fissile core inventory kg/Mie 4.1 2.8
System doublicg time yr 12.2 17.8
Effective rsdial peaking factor 1.20 1.22
Axial peaking factor 1.22 1.26
Fractional cores power _21 -2 0.89 0.93
Maximum fluence (E > 0.1 MeV)} 10 " cm 2.5 2.0
Maxiomum displacements per atom 290 240
(Kinchic-Pease model)
Reactivity worth of 1 3 A 0.33 0.30
Coclant reacrtivity worth $ 0.9 5.7
Tuel temperature reactivity feedback
T dk/dT around T, = 1100° K 0.0054 0.0080
Countributions to the breeding ratio.
{uncorTected).
+ Braeding poteatial 1.372 1.281
+ Past fission bonus .384 .3e3
- Absorpcions'FSCrUCCure 127 166
fission products .059% L0864
coolant .0 .009
-~ Leakage out of blankecrs .133 .097
1,437 1.247

= Resulting breeding ratic
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. L (10
Table 8 HADD T4+ v F v —Hmot s 10
Ceramic Borax Uranium Steel
Parameter Crucible Bath Bath Bath

Pool temperature {°C) High Low Low Low

{>3000} (1427} (>1200} (>1500)
Cavity liner tem Low Righ High High
perature {°C) (150-200) (250-300) (280-350} (250-300)
Time of maximum liner Long Medium Short Medium
heat flux (h) (?8—&0) (~10) (3-4) (6-10)
Fraction of upward High Low Medium Low
heat removal (0.6~0.8) (0.2-0.3 (0.3-0.4) (0.1-0.3)
Need for design Minor Major Major Minor
changes
Need for experimental Low High High Medium
work
Pool manageability Medium Low High High
Fuel penetration and Yes Yes No Yes
material flotatiom
Scaleabilicy High Low Medium Medium
Cost Low Medium High Low

Table 9 GCFR, HTGR, LWR @5 &Lk B %
WE OB~ o Mg o ki 1P
Relagee (Ci/vr}

Tsarooe CoTR =TGR Led
Xrvooon=3in g.ts Iz 1.0
Lreoton-<ito 0.0062 A.C 11.5
Xrvozon—&7F 1.33-=22 ILRaT. 0 380.0
Yrworton-87 NLGGEE 8.0 2.0
Xrvpren—&G 1.93-3 1.5 -=
{enon-1J1z F.EZ=S — LL .G
Yeron-12Cz DLoCDiZ —_— an.o
Xznon—-137 AR Sagcha 2.0 7.200.2
Xenon—-135= n.nols 303 1.¢
iegmon-133 To0313 £.0 0.0
Todine-121 3.7 - 0.03
{odine=-132 L.1C0-3 — ] 0.C5
Todine=132 J.on0l 0.0001 -
tocine—13% 5.53-% 0.0002 —_—
Tritium a.1% 73.0 330.0

3 33-5 = 1.3Z S dalt
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Table 10  HbSHHEMEORSILRIC K 28N
FEREEE~0opg (1D
Contritution %o orzan dose (X)
Isotope Icfant Child
lodine-131 99 95
lodina-132 (a) (a)
Iodine-134 (a) (a)
Iodine-135 (a) (2)
Tritium (a) 5
Ratio of GCFR dose
to LWR reference
dose 0.ro1 0.0001

3Less than 1Z.

Table 11 HREFH A AORTULRICHL I 2HEB LU
R3mE~opg Y
Contribution to ovgan dose ()
Isoctoce Wnole Sodv Skin
Xrypton—-83a (a) 1
Xrypoon—-83a 5 3
Krypton=35 0 (a2
Xrypton-37 21 27
Krypton-38 (2) (22
Krwpton-89 (a) {a)
Kryopton-90 {a) {2)
K2non-131a 0 {a)
{eron-133am (2} (s)
Yenon—1i33 L 4
{enon-i3im 1 3
Xenon-125 60 57
Xenon—-137 (a) (a)
Xenon—-138 (a) (a)
Racio of GCFR dose to
LWR tzference dose 0.00008 0.00005

d1ps5s than i
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Table 12 GCFR, HTGR, LWR Q&%

B E o 8 s (1P
Rzlease (Cifwr}

Isotope Gl 81GR Lwg
3rozine—33 0.0021 - 0.00C1
3romine—384 0.0015 5.00-32 -
3ro=ine-395 0.001% 0.0352 —_—
Rudbrdiun—-88 0.30:2 0.0G03 -—
Strontiuvs-89 0.00-%5 ¢.C001 0.0002
Stroencium-81 0.0001 -— 6.00-3
Sirontiv=-90 1.53-5 0.0005 -
Strontium—~9%4 3.60-% 2.00-5 -
Yoorie==-90 1.63-8 0.006k4 —
Yoorius-91 3.13-8 -- 3.0001
Yerrium=9ia '7.83-3 — 2.00-5
Tellurium-127m 2.67~6 1.40-4 0.0%201
Tellurium-127 0.0010 1.40-4 0.0002
Tellurium~-12%a 0.0001 1.70-4 0.0003
Tellurium-129 0.0114 L.70-4 0.000s
Telluriem-131 8.27-4 2.50-5% 0.0001
Tellurium-137 0.0041 - 6.01
Telluriua-133c 0.0L41 3.50-5 -
Tellurium-133 0.0C03 2.680-5 -
Telluyriua-134 0.0154 4,30-5 —--
ledine-131 8.27-5 - Q.14
iodine-~132 4.10-5 1.70-3 0.01
Iodine—-133 4.93-3 - 0.1
Isdine-134 0.0002 4.30-5 7.00-3
Iodine-135 §.43-5 — 0.02
Iodine-136 6.90-5 1.30-4 -=
Cesium-134 6.87-6 0.015 g.01
Cesiun—136 1.43-4 - 0.005
Cesium~138 0.02886 31.50-5 2.00-5
Casium-139 0.0065 2.60-5 -
Cesium~140 0.0003 8.60-5 -
Barium~137am 1.73-6 0.029 0.01
Barium—139 0.0087 — 4.00-3
Barium-140 3.70-5 - 0.0002
Lanthanum—-140 3.70-5 — G.0001
Cerium—143 5.40-6 — 1.00-5
Praseodymium-143 8.16-19 -— 2.00-5

3Note: 4.00-5 = 4,00 x 1075,
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Table 13  #ERKEYIC L 5FR

(12>

Contribution to organ dose (X)

isotope Adulz whole body Critical organ
Tellurie=~12%z <1l 2
Telluriu=-132 24 9
Cesiwa—-134 i3 <1
Cesii=—135% 56 <1
Others 2 2
Total 100 100

aatio of GCFR dose

to LWR reference

dose 0.002 0.003

Table 14 A RGEBADHEFHFEGCFR OB 3 2 b HLE

[ Cost assessment by e 16) TECHRICATDHE(IJ)
(1974) (1975)
Main component grwup GCFR | UK~HTR | . GCFR GA-HTR
1 Civil]l works,
1.1. Reactor building 3.2 4.6 %,
3.1 3.2

1.2. Steel contaiment vessel 2.9 -
1.3, Turbine house building 4.7 5.2 1.7 2.4
1.4, Remainder 8.7 7.9 7.3 9.0

Total 19.5 17.7 12,1 14.6
2, Nuclear steam supply svstem,
2.1. Prestressed coacrats vessel

structure 3.5 2.7 3.7 2.8
2.2. PCV liner,penetrations,closures 5.8 5.8 6.6 5.5
2.3. PCV insulation 2.9 3.3 2.0 2.6
2.4, Core internals 2.9 2.5 2.5 2.4
2.5. Circulators 6.1 2.9 7.8 4.6
2.6. Bailers 10.7 11.3 9.3 12.5
2.7, Fuel handling and standpipe

assemblies 3.0 5.8 3.3 5.7
2.8. Helium gas plants 3.2 2.3 2.7 2.5
2.9, Auxiliary systems 2.1 0.5 5.0 -
2.10 Control and instrumentation 4.1 3.3 3.1 3.7

Tocal 44 .3 40, 4 46.0 43,0
3. Turbine gzenerator plant. 26.7 28.3 26.1 30.5
4, Electrical plaact. 8.2 6.2 6.8 6.6
5. Auxiliary plant. 5.3 7.4 7.5 5.-

TOTAL PLANT AND CIVIL COST 104 .0 100.6G 98.5 100.0

Plant net output is 1200MWe.
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Table 5 PWR &GOFR D 2 = b bk &0

Assumed U308 cost E71b 45 75 137.5

ZkW present worth

PWR Reference Case

"Capital {including interest during

construction) 950 850 950
Fuel cycle cost (including fabrica-

tion, reprocessing, waste disposat) 515 530 835
Total_(not inciuding operational 1455 1580 1785
costs)

Permissibie GCFR Costs

Total cost for break even (not

including operational costs) 1465 1580 1785
Capital costs {including interest

during construction! 1150 115C 1150
Permissible fuel cycle cost 315 430 635
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Table 17 GBRA 03 # B

Full members

AB ASEA-ATOM, Vasteras, Sweden

Belgonucleaire S.A., Brussels, Belgium

Brown Boveri-Sulzer Turbomaschinen A.G., Zirich, Switzerland
Centre d'Etude de 1'Energie Nuclesaire,

Studiecentrum voor Xernenergie Brussels, Belgium
Hochtemperatur Reaktorbau GmbH, Kdln, Germaeny

B.V. Neratoom, Den Haag, Netherlands

Nucleare Iteliana Reattori Avanzati, Genova, Italy
Technicatome, Paris, France

The Nuclear Power Group Limited, United Kingdom

. assoclate members

Atomkraftkonsortiet Krangede AB & Co, Sweden

Central Electricity Generating Board, United Kingdom
South of Scotland Electricity Board, United Kingdom
Statens Vattenfallsverk, Swveden

Vereinigte Elektrizitdtswerke Westfalen A.G., Germany



Table 18

INVESTOR-OQWNED UTILITIES
Arizona Public Service
Baltimore Gas & Electric
Central Illinois Light
Cincinnati Gas & Electric
Green Mountain Power
Guif States Utilities
Illincis Power
Northeast Utilities
The Connecticat Light & Power Co.
The Hartford Electric Light Co.
Western Massachusetts Electric Co.
Holyoke Water Power Co.
Public Service of Colorade
Public Service of Oklahoma
Puget Sound Power & Light
San Diego Gas & Electric
Sierra Pacific Power
Seuthwestern Public Service
Union Electric
Utah Power & Light
Washington Water Power
Philadelphia Electric
Empire State Electric Energy Research (7)
Centrz! Hudson Gas & Electric Corp.
Consolidated Edison Co. of N.Y., Inc.
Long Island Lighting Company _
New York State Electric & Gas Corp.
Niagara Mohawk Power Corp.
Orange and Rockland Utilities, Inc. -
Rochester Gas and Electric Corp.
East Central Nuclear Group (ECNG} (14}
American Electric Power T
Appalachian Power Company
Indiana and Michigan Electric Co.
Ohio Power Company
Allegheny Power System
Monogahela Power Company
Potomac Edison Company
West Penn Power Company
Ohio Edison Company
Pennsylvania Power Company

JAERI—M 82 — 084

HBAMBAREE £ N —
—1978 £y —

Columbus & Southern Ohio Electric Co.
Southern Indians Gas & Electric Ca.
Cleveland Electric [Huminating Co.
Louisville Gas & Electric Company
OVERSEAS UTILITIES
Denmark: Elsam
Finland: Imatran Voima
Sweden:  AB Kaernkraft, AKK
South Swedish Power
Skandinaviska Elverk Voxnan Power
Krangede Power
Stora Kopparberg Bergvik-Ala
Stockholin Energy *'Svarthalsforsen’’ Lanforsen
Balforsen Power
Gullspang Power
Uddeholm
Bergslagen United Utilities
MUNICIPAL SYSTEMS
Tacoma Public Utilities
Seattle Lighting
FEDERAL, STATE & DISTRICT SYSTEMS
Guadalupe-Blanco River Authority
PUD No. 1 of Clark County
PUD No. 1 of Franklin County
RURAL ELECTRIC COOPERATIVES
Bailey County
Bandera
Cherokee County
Lamar County
Lighthouse
Lynthegar
Medina
Surprise Valley
Tri-County Electric
Umatiila
South Texas Electric
Jackson
Karnes
Nueces
San Patricio
Victoria County
Wharton County
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. 21
Table 19  Program Definition and Licensing Phase (PDLP) )

o PERFORM PRELIMINARY SITE EVALUATION STUDIES
o PREPARE PRELIMIARY SAFETY ANALYSIS REPORT
o PREPARE ENVIRGNMENTAL [MPACT STATENENT

o COMPLETE APPROXIMATELY 65% OF THE OVERALL PLANT EHGINEERING
DESEGH WORK

o DETERMINE PLANT SIZE, ReD PROGRAM, COST AD SCHEBULE
o OBTAIN SITE CONSTRUCTIOH PERMIT

o ESTABLISH INSTITUTIOMAL RELATIONS AMONG PARTICIPANTS, IHCLUDING
LOST SHARING AND RISK ROLES

o PERFORM RRD AND SAFETY RESEARCH RENIRED TO ACCOMPLISIH ABOVE

. = 21
Table 20 GOFR 47 0 B3 % a3t &

KEY ACTIYITIES
o FUEL AND PATERIALS DEVELOPHENT - ARL, GA (FRG)
0 THERMAL-HYDRAULIC - ORML, GA (SWISS, FRG)
o PRESSURE EQUALTZATION SYSTEM - GA (FRG)
o FABRICATION TECHHIQUES - GA (FRG)
o [N-PILE AIID OUT-OF-PILE TESTING - ORNL, ANL, 6A (FRG, SWISS, BELGIUM)
o DESIGH AND ANALYSIS - ANL, GA, ORNL (FRG, SWISS)
EUHDING LEYELS (It THOUSANRS)

COHTRACIOR 1977 1978 1979 1280
GA 1910 1815 2041 4100
AL 950 90 1100 1250
ORNL 1865 2259 1000 4500
MAJOR ACTIVITIES (1977-1979)

o COMPLETE DESIGH AND START FABRICATION OF CFTL

o INITIATE BR-2 (HELM) EXPERIMENT

o FABRICATE AND IRRADIATE F-5 FUEL ASSEMBLY

o DETERMINE PROPERTIES OF IRRADIATED RiBBED CLADDIHG

¢ EVALUATE U-Tw FUEL CONCEPTS

o COMPLETE POST IRRADIATIOH EXAMINATION OF F-1, F-10, AND GB-I0
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Table 21 GOCFR® {FHE &ﬁﬁ@ﬁ?%"ﬁf@i(m

KEY ACTIVITIES

V]
o
0

TOMER SHIELDING FACILITY EXPERIMENTS - ORNL, GA (FRG)
ZPR CRITICALS - ANL, GA (FRG, SWISS)
METHODS DEVELOPMENT, BESIGN AND ANALYSIS - ORHL, GA, AML (FRG, SWISS)

FUNDEG LEVELS CIH_TIHOUSANAS)

CONTRACTOR 1977 1978 1979 1980
CRIL 159 600 875 750
ANL ’ 150 100 100 109
GA IES 150 750) 571)

MAJOR_ACTIVITIES (1977-1979)

o PERFORM GRID PLATE SHIELDING EXPERIMENTS

o COMPLETE ANALYSIS OF ZPR CRITICAL EXPERIMENTS

o PLAH ENGIHEERING MOCKUP CRITECALS

o ALTERWATE CORE DESIGN STUDIES (PROLIFERATION RESISTANT CORES)

o PERFORM RADIAL SIIELDING EXPERIMENTS

o . E(21)
Table 22 GCFROSR & v 2 7 4 OFRETH
KEY ACTIYITIES

0

0

¢]

HSSS COMPORENT DEVELOPMENT - GA (FRG, AUSTRIA, SWEDEN, BELGIOM)
NUCLEAR TSLAND DESIGN - A-E (FRG)

REACTOR SYSTEMS ENGIMEERING - GA (FRG)

EUNDINO. LEVELS CLit THOUSANDS)

CONTRACTOR 1977 19/3 1979 1980
oA 2575 2650 5754 3000
A-E - 0 100 400 500
CRNL 150 150 163 210

PAJOR ACTIVITIES (1927-1979)

o © O o o o O

EVALUATE ALTERNATE DESIGHS AND SELECT REFERENWCE US 320 MW(e) PLANT DESIGH
PERFORM CONCEPTUAL DESIGH STUBIES OF NSSS COMPONENTS

[NITIATE NUCLEAR TSLAND DESIGN

CONSOLEDATE US-FRG HSSS DESIGNS IHTO ONE COMMON REFEREMNCE DESIGH

PERFORM SCALE MODEL PCRY CLOSURE TESTS

INITIATE CIRCULATOR TEST FACILITY COHCEPTUAL DESICGN

COMPLETE CCNCEPTUAL DESIGH OF REFERENCE PLANT
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Table 23 GAX®GOFRZ2tFkmzE (1)

PROGRAM: GCFR SAFETY TEST PROGRAM
EUBDING LEVELS: (1t THOUSANDS)

1976 1922 1978 199 1980
b 100 § 125 $ 100 $ 200 § 250
HAJOR ACTIVITIES (1977-1979;
1977 o COORDINATE THE GRIST-2 TEST AFONG GA, AtIL, AND EGEG
o DEFISE THE DMFT PROGRAN AT LASL
1973 o PROVIDE PRELININARY GRIST-2 TEST ASSEMBLY DESIGH
o PLAN THE DHFT AD DAC TESTS AT LASL
1979 o DEVELOP DETALLED GRIST-2 TEST PROGRAM
o ANALYZE ARD INTERPRET DWFT AND DAC TEST RESULTS
1980 o DEFINE STEEL MELTING Aib RELOCATION TEST PROGRAM AT LASL
o CONTINUE GRIST-2 SUPPORI
Table 28 GA#DGCFRELHFRMIENE (D7 ()
EROCKRAM:

GCFR REACTOR SAFETY, ENVIRONMENTAL AHD RISK ANALYSIS

EUMDING LEVELS:  (IN THOUSANDS)

1976 1977 1973 1979 1880
$ 205 $ 660 $ 580 $ ans $1500
MAJOR ACTIVITIES (1977-1%/9):
1977 o OVERALL GCFR SAFETY PROGRAM PLAN
o RELIABILITY AMALYSIS OF THE DECAY HEAT REMOVAL SYSTEM
o ASSESSMENT OF POST-ACCIDENT FUEL CONTAINMENT (PAFC) WITHIH THE PCRV
1978 o PRELIMINARY ANALYSIS OF THE LOSS OF DECAY HEAT REMOVAL ACCIDENT
o EVALUATION OF CORE CATCHER CONCEPTS
o ASSESSMENT OF PAFC EXTERNAL TO THE PCRV
1929 o [IDEMTIFY POTENTIAL DESIGH IMPROVEMENTS BASED ON RISK AMALYSIS RESULTS
o IDENTIFY ReD PROGRAMS TO REDUCE RISK UNCERTAINTIES
o DEFIHE PESIGN REQUIREMENTS FOR PAFC
1930 o PREPARE RCVISED SAFETY PROGRAM PLAN .
o SUBHIT LICEHSING AMENDMEHTS TO NRC FOR REVIEY
0

ASALYZE HATURAL CIRCULATION CAPABILITY OF UPFLOW CORE
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- 21
able 24 ANLOGCFRZAHTIEmEEHE

PROGRAM:  GCFR SAFETY ASPECTS OF FUEL AD CORE

FutiDING LEVELS:  (EN THOUSANDS)

1948 1977 19/8 1979 1980
$ 660 $ 700 $ 610 $ 825 $1000
[AJOR.ACTIYITIES €1977-1979):

1977 o ANALYZE THE £FFECTS OF NIGH BURHUP AND ABSORBED HELIUM ON ACCIUENTS

o AHALYZE THE POST-AGCIDENT CORE DEBRIS BEHAVIOR (FUEL-GRAPHITE ARD

FUEL-CONCRETE [HTERACTIONS) |

o COMPLETE HIGH PRESSURE, FLOWING HELIUM, DEH-TEST CHAMBER
DEMONSTRATE EFFECTS OF FUEL SWEEPOUT DURING HIGH-RATE TOP ACCIDENTS
o (DA ANALYSIS FOR A GCFR DEMO PLA#T DESIGH
INTEGRATION OF EARLY LASL AD AL TEST RESULTS INTO ACCIDENT AHALYSES
PRELIMINARY DESIGHS AND TEST SPECIFICATIONS FOR THE GRIST-2 TEST TRAINS
MODIEY HOT CELL TO ACCOMMODATE TESTING OF IRRADIATED FUEL

1978

e

1979

c o O

1380

Table 25  LASL®GCFRZ2HTRFERHE"

PROGRAM AND FULBEHG (1N THOUSAHDS)  FY 1977 EY 1978 £y 1979 EY_1980

DUCT MELT AHD FALL AWAY TESTS (DMFT) ¢ 270 $ 600 $ 675 $ 510
DEPRESSURTZATION ACCIBENT (DAC) 40 100 200
HAJOR ACTIVITIES €1977-1979)

1972 o DESIGH TEST FIXTURES
o MATERIAL CHARACTERIZATION UHDER TEST CONDITIONS

1978 o EFFECT OF He PRESSURE AND HATURAL CONVECTION ON FUEL MELT-DOWH
o CLADDING AHD DUCT WALL MELT-DOWil BERAVIOR

1978 o RUN FULL LENGTH SUBASSEMBLY DMFT TESTS
o MODIEY FACILITY FOR GUARDED CORE MODULE TESTS
o REVISE TEST PROGRAM TG ACCOMMODATE HEM REFERENCE UPFLOY CORE DESIGN

1980 o COMPLETE FULL LENGTH SUBASSEMBLY TESTS
o COMPLETE COMSTRUCTIOf OF TEST FACILITY AWD TEST LOOP
o RUH GUARDED CORE MODULE TEST
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Table 26 SPS ™% 4 b ®E FAEFFIE

PROGRAM: PRELIMINARY SITE EVALUATION AND ENVIRONMENTAL [MPACT STUDY

FUNDING TEVELS:  (I% THOUSANBS)

1322 1978 1979
§ 400 $ 280 $ 0
MAJOR ACTIVITIES (1977-1979):

1977 o SELECT RECOMMENBED SITE AND THO OR MORE ALTERHATIVE SITES
o DETERNINE PRELIMINARY SEISMIC ACCELERATION AND FOUNDATION GEOLOGY
o ORDER AND ERECT METEOROLOGICAL TOMER; IHSTALL AND CALIEBRATE INSTRUMENTS

1978 o COLLECT ENVIROWMENTAL AND SITE-SPECIFIC DATA FOR PSAR CHAPTER 2
AD ER CHAPTER 2 :

1979

(]

SITE EVALUATION MORK TERMINATED SOUTHWEST PUBLIC SERVICES WITHDREW SITE
OFFER '

Table 27 LWREHTGRD <A » N5 v 2+ 7= 5%
Item LWR HTER(5) HTGR(3)

L. Initial Fuel
Th-232 (ton LO3 MWt) - 13.0087 23.0035
U-1233 (ton/ 103 Mur) - - N.6165
u-235 (ton 103 MWr) 0.7893 0.9213 -
U-238 (ten/ 103 MWL) 30.5307 - ] -
Th-232 {ton/10° MWcr-yr) - 5.7408 5.7230
U-233 (ton/ 103 MWE-yT) - - 0.1770
U-235 (ton/103 MWL-yT)} 0.2487 0.2392 -
U-138 (ton/ 103 MWe-yr} 8.0413 - - -

3. Discharged ruel
Th-232 (ton/ 103 MWt-yr) - 5.4624 5.4317
U-233 (ton/10° MWt-yr) - 0.1349 0.1489
U-235 (ton/ 103 MWL-yr) C.0610 0.0425 0.0053
U-238 (ton/ 103 MwWr-yr) §.1596 0.0502* - 0.0340%
Fissile %u (fon/10% MWc-vr) 0.06493 - -
Ffercrile Pu {(ton/ 103 MWc-vr) B.0202 - -

% Power
Thermal power {MWt) 3,000 3,000
Elecrtric power (MWe) 1,900 1.000 L,000%*=
Specific power (MWt/THM) L9 41.3 42.3

* Qther U isocope, ** Equivalent alectric power
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Table 30 & T-45# ABEE & 7 1%

Phase Installed reactor Remarks
Phase 0 LWR Pu accumulator
No Pu recycling
Phase 1 "HTGR (5) Starting date: AD 1990
233y accumulator
GCFR(U)Y * Starting date: AD 2000
Phase 2 HTCR (3) GCFR(U): Pu producer
HTGR(3): 233U eater
GCFR(U-Th) Starting date: AD 2040%a
- R 233
Phase 3 HTGR (3) GCFR(U-Th): Pu and U producer
HTGR(3): 233U eater

IPACE TOM QUREY MOW
BETWEER THREE 4SLEMRLES

A\ /
B N\ /
i
| .
! / N\
|
L] | j
w ==,
1 T §
L
= _
/
124
‘[ A T §
M
f :
; z i
|
0 &_ 260°C i
i L
|

Fig.1 BERTHREICECBEEaEo—F"
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FUEL PINS
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MANIFOLD GRID — =~ & 4 ¥

ANNULAR TRAP <
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SWEEP e
RLOwW

INLET
NON-RETURN
VALVES

WATER -VAPOUR
EXTRACTION
PLANT

CEMOUNTABLE
CONNMNECTION

ASSEMBLY FOOTTZ

SUPPORT |
PILLAR | p

MONITOR @
\_tl L FISSION PROCUCH !
— : PURIEICATION

11 PLANT

GAS CIRCULATOR
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Fig. 2 ENEEs =7 oBe”
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La00(ht |

e

TYPICAL OIMENSIONS

.asa

TOLERANCES {ym )
Rib height 90 - 130 um <10
hie 7 -12 um £ 9,5
he 2 -3 ym 0,2

Fig.3 MERESEAGOHE"
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ABSORBER

CIRCULAR WRAPFER TUBE
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@ Reactor core and blanket @Refudling pantograph
@ Steam generator unit Lowzr cavity and core catcher

@ Circulator unit @Hzlium and fission qas
treatment piant

@ Emergency cooling loop Shielding
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