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A Review of the Breeding Potentials of Carbide, Nitride
and Oxide Fueled LMFBRs and GCFRs

Muneo HANDA
Division of Nuclear Fuel Research,

Tokai Research Establishment, JAERI
(Received October 14, 1977)

The effects of design parameters in large variatiom
on compound system doubling time of large advanced-fueled
LMFBR are described on the base of recent U.S. results.
The fuel element design by Combustion Engineering Inc.
in step-by-step substitution of the initial oxide fuel
subassemblies with carbide ones is explained. Breeding
characteristics of the oxide-fueled LMFBR and its
potential design modifications are expounded. The gas
cooled fast breeder program in West Germany and in the
United States are briefed. Definitions of the breeding

ratio and doubling time in overall fuel cycle are given,

Key words:Breeding potential, Breeding ratio, Doubling
time, ILMFBR, GCFR, Reactor design, Advanced
fuel, Carbide fuel, Nitride fuel, Oxide fuel
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1. FAMNE

BEMFE (FBR) ORI TEA — # MRS RIS LB ORI, (R
B 4 7 VFEMETE (INFCEP )] S EZHoEHASREEINT S, L, A1
77y, TzihuwF—Ebomy], (v  BROBEUNHE] S0 S58HAH»5, FBR
DR EBIICED L EOHTEEEELTWS, BESETHAEOMETEREIAD F -
B oA sl T, FBR OBRAHET 2 & ) BIBSHEBX n'Cb“éol) T A Y HADFBR
DR T v Bil, CRBRP MU DBELINANMIL - TAZL{EAINATHAS, FBRHELWR
R > TEFHRETEHRE LD EDE 10 ERTHL EELSNTL 5, FBR DREFRHRK
LOHM LT, MRATERICEIMEINZ2DE, BESEA GRS S (Liquid Metal Cool-
ed Fast Breéder Reactor : LMFBR ) T& A9, LMFBRﬂi, 3 7iC Phenix. PFR, BN — 350
PEZERTH D, SNR -300 #5623, CRBRP %5 .£ 0¥ Monju A3 BIth T 5 C& 405 FRUF DR
RTHDIENTL L, COOSOERFORE S LTHE, sTREZEHOL - 2ESBRIESE
Ry bEZATF/VAMTHE LB Y Y BERINLTFETH L. TOBRLERE LMFBR
OB, Y TFEISNAML D R L1~ 12BETH D, £ OMEEEMIL0EFHRTHLE
HEEN TS0

ST, CofEENEICET 2RRTH 24, HEERMEz A vF -FEOEROMREERET
HIUT LB L OFRO T A 0¥ —FEOPHHED IS B TH O COHEL ST BRI
LMFBRCHAT 2 ) 20Dl LOMI AR LB ORI, 2% Ui CLITENEom,
NED HIEETS 5 LMFBR OMRICENT <2 TH L E 0D EENH L K, 197256 K
NS AR ETH T2 5 VSO T K, TIHE8 MU, TBETESS FLlhiEo
WdE D ERA R HIC L - TEHBELTOSBEENS, JOBOKIRICY 5 ¥ filgiCEgs g
VCBREL Y A 7 VA BETL T A0, BOEEENA A L FBROBERS, HWETHB LI ER
L EE A" 1980 LB KNK-TT 25 & OFSNR—300 % LT BAL B K1 44 o 4
B0, 1995FESNR —2 ICEBAT 3 € &% AT BALIRE OBIR A ED T B K4 Vi,
B 5 AC RE ORBRIC T L TE D, A5 BICEIIY LY A7 EEHICh 2 ROFLME
OWEBESEE LT B0 V5 5w, F K4 Vi3, FBREAVE LMFBR &4 5 M Ic (k7
LCEORELLIUFBROTEMAHELT, T4 #220MOoR&B AL THe ¥ 2B HEE
54 (Gas Cooled Fast Breeder : GCFR ) @Eﬁ%%%ﬁ%%ng%eci@buw5,,10) )
GCFR 1, He 0 P-FR AL & B 54¢ Na 1T BT/ S0 7235 1 AL #986 LMPBR & AR 00
RGEI A LT D C & 5 M ST 5.7

T E SRR A & - 72 LMFBR ORBIRIC OV TEA TA L 5. LMFBR DfEEEFE2,
WF LR AR (Fuel Volume Fraction ) IC A% { A3 h %, {1« LMFBR OBALL
DBRE AN E S AHRAEE T D ELOR 7 v L AEHE T, Nak 4 BETE C LT
& TIRT A4S (Appendix A. 1.2 BHDCl) BISEREFES D, TOBRKZENT
oD FHEG RVICGRLALA BB ALER D) ¥ FROBBEBME LU 7w EHEERB L.
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FlAMDRA S 2 L L O HMICBRE AR ERL P 5L TH B, &2 —20HER

REORILTIRK € v DR DA, SEEMHOER RNCYOY .y 7/ BRLOMDE
2T - A BB HBROEAFRESREENETEOS RIUDBE OZRIC L - THE
FODBEBHABN R LRI B L THE, COMf, fERFHEIT, ALRE L REINTRED
By BB ORBERLOVICEN S O TRICHEINFNABRE 4 7 VERIC KRS (EH3N D,

T OBLHEE > S RIEDB LMFBR A EH T 2E8RE LT RC OO HFESREINT
WhH, —i RALHFRARI ORI NI BREIO 500 W, em T~ TH 2 £ R &4 1000W
cnBBETH D, DR BRI DA 40T 4 5T I (2R AL BRI 2T LMFBR Ofstss
BETHDEHBETH B0 TR € 0 2 EOREEFOH 5B BT, FOHAL
DEBEZE -3 NaBHMOREE 2ECT L0 ENERENE, MALDEBEE 2681T 5
Lid, BEHEHIC RS Y U AEAEEL, FORAFEREAFRINTOARY, HOAE
w2 o BB ERT 5, —F, Na @EME#EE 20T 2edicid, Ry AINOESS 4
RENBTH), TOXYTEHAIR BT - THBEALDONE, CHoDREERELHic
2, REERCNZ A LORICOBEENDFLERIMNERSNSL, &) —20HEIZ,
FEPIC R RBE OB E 100 %5 R T I REAFPLORIBVETH L, 0L 5 IHEE
ZERL T AOTIRRIEMEOERLRIFOBLSEKLTLE Y, 207w, HEDOEL
BB ESER L E AR TSI UME L% S - 2 RIEMRERESELZREL, IS
SRS ERAER LTI 205 FIRTH 55 'O OB £ T b LMFBRORGEH2 1.35 2%
CWEIN, SHERMLI0~15FEZTERIND CEBHEINTVE, CDH, BFA Y,
A4 FY) RELET A ) HOCombustion Engineering Inc, T2 B E OBRICH - TR REE
LMFBR OBIRZ #H T B,

ST AHE TEREICELTANL IC £ 5 2000 MW, | DAE O RACHFMEN T LMFBR O
GERFHEIT DT, FOHE HES L UOEHEROEMITIICE A 2850 S0 THERITF 8
CREINAGOAET EDTEET L, T/, E(HME TN BRFBRE OHEELICE L 5858
KOWTRIBE & L TR T 5. B3ETIE, BIYREE Nafiy PR TER
A LSS 0RBEE AR S S UEEERICE L T Combustion Engineering Inc 1000
MW,y LMFBR O®FHIC DV T D~ %, H4H TR, RECRLHMHLMFBR DL &
U4 RET HARITERC OO THET 5. 51T, s 2HEMS +Y v adRA FEEE
INE(TE, LMFBROZ2MSAX{HEZINL CELSEFERAINT AT T v b
A U AEFIC DO TERT 2, $5ECEOTR, 190ERICA-T L OHREMERLL
7~ GCFR OBRBAE N B L U % ORI B Y>O TEBICHANT b, SRIC FIIRE LT 1974 4
Wyckoff & Greebler iZ & - THIREINABEY 4 7 VEZERICANT [ R DB 1Dl
THAT 5, C DEHIT, T A VP D Advanced Reactor Programit 0T &EAIH T 51,
ETARA A 7 VTR E ARV IN TRV ERCE L T.20#ERE D T A2 EIT20
TOWET 5, WH, Wyckoff KO DRI - T, AMEETHN SN TS MEHFA ] 3,
Compound System Doubling Time (CSDT} #EBHK L T A LITHEI N/,

L
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2. ANLIZ X 22000 MW(e)ie L Na K~ FiR{tiy
HBB LMF BRoZyEH

ANL T3 W.P. Barthold %EPJC\GC, YI.Chang, Y.Orechewa, ]J.Beitel . M .Billone. M.].King
DIC LD 5000 MW (py D RBIDRICHFMEFH O LMFBR D EFTDHIBANTED SN T 5,
FEtDEARL LT, Constrained Nuclear Design (%) MSHEAIN T3, DTFCoH
BHEHCOLTON, BT, MBS VI, RO, R THE, BT E ORI SR
R SO I 52 AT DT HET 3,

21 FBROBEHFSS : wFmEet

HFFORRIETE 21 BHNSLUORNRHEIOBEBOREZRTH S, BBV E
# EyFiBEEH FLOSE. ERAORESZIFLMAT, FPOooBl, FLOTEEFESLC
OREEBCLIOREZND, LML, COREBRRBIERCHMTHFIEZBETLINETHLHO
T, COTREERT L HERE 2O TR SN2, BHLOHEIL RO M IREKEFTETREN
BIEAE L0 1 REAREERT L CETHbH, COBBFAERICHC2hOFNEHRT 5
CLICLDERTE S, HIIHRARSTLE 03 CEE, BHAERCAANGTERAEBAT A
EVH L ETRIELT, REERIZ 20T E TRBHLLEAEBHLIETH I, HIZE 1 B
HKOTMAER » FTEERAT L LT, 0T ENa OFHRICIT LRSS D EASKOKRS 205
ANAHCECN B, THHLE, HIEHOFRNE, FBRIEDVLTOREDT « DMK ICHE
MBEPNT A, RICEEN S 2OBRLSEHMOFWICOOTEHRT 5,

(1) #aFaslk ‘

R ORERITEHRZER, UHNTFORETH 4. 6 AKOBEIRSERLT VLB,
FOBEIESKOBARATHELG NS,

3n(n—1) +1

212l n GEBEERRDIDRTH S,

FOANEE LD HIGESY 2720 & 2D 6 AREOBH S 3 2ORARERET S L ndlog
HGOEGEER,

3n (n—1) =17 n>3

HEAESEKLI ARRICEEINADTRBESGRKKIRATEA OGN 5,

3n (n—-1) -1 } { 6 (N+1) #HiBBEESEELHhL
3n (n—1) —17) '6N BARL SR B (R AsA L0

T, NIFHBESKROIIOBTH 5,

HBEEAKRLZ I ARRCEBT AL LKL DE « S FORBENETN S, LL, COHE
BREEOE AL P~ ERD S 5, PLOERERIKSY B4, FORKC EOERS LT
%@mﬁff—%77%&%%¢K?%%ﬁﬁ%%ﬁfétb,—$®—Ki®ﬁﬁﬁﬂﬁmﬁ
HHnb,
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(2) PHEEHEK

B AL EEHA RS RIIERICEE LT EThH D, BEHARIELIRT S &,

1) FLOERESEA L, FDRD, SARBCKEREITFLICED A DOEBI/NS

1%,

) PO HAA X T30, Pu DEEESEAT 5o

i FF7 —FEERE (S,

BREH AR O A L BE LT, NaDF A FEEMNAZ (D, LrL, BEFT7 -BLT
Na O#A FIEROELHEBE S A 2 VB EOL S CEESTLONHET 5 LRI L,
Fifi, GEEORE@O S, BHEEAKE LMY A IV BBECLLLRIBNTH
7. SEBEEOEE, BEOSRREBAE T L THERETES, LkL, —EDBKHXR
WS DB S, AEHARAEORBAR, FICLENNEREET 5. FORBES LITEDD,
LED & LASREBICES C &3, BEDETICHE > THEE SN HBEEEDLECT
BEVOBEEECE TS CEAEBR LTS,

(3) H B ORI

BAHEE HBEOHKR, —BROPBEL Yy FOHECRRL TS o CO—EARY
FOERTRIMIE HiZNa T550 1 TH B, 900°F BT, ComtiiEAid, 200psiicshic
Z., COMBR, SEROLILECFLORHOR Y TERALEOOEFORBICLETE
e 1L~ 75 & CRIEONT, C DB AFEE HRAEELLSE, TASNEROEDA
412200 psi IKIREAN B, | RFLEDEHRER, 1 EV—THEICPEHNOER. Ratk
mxm®ﬁiﬁgvﬁ®@%éwi6ﬁ%méﬁofwéacmEﬁﬁ%wmﬁm.ﬁb@E&
ey F S EERAER L, 5ALNBME A OREL ESICHEE Y DR ERET
%,

(4) NafEDHK
| Na QR & EREZORHIC, FoBd ANa DERFERHR SN 5. NaBAEDOKRT
R ENEE AR Na ORI R X BRI NTNCEDBF - T B, BMEHRRR, &
ZEEL ETRD, *CLORESEISERICES. 7)) v FEBRESETIE, NadfiE O]
GBI ks HBENE L DNTL B xR — ¥ & T DEMS 5 5559 O Nab Bififins
EEICEHE L NaDFEEBAE

(5)  HAMERE 35 J O ch kB B O FIK

B ORI, BB C Y ERERET 5, ABESELFNSROET L E, REEORE
Bk RAMEE L ESH AN E NS BB S 5, 1 ¥4 2 VB0 Rb B BT
%ﬁ?%é%%ﬁmeﬂbm?&%%kﬁﬁﬁﬁﬁmﬂé?5ﬁmfﬁéC&ﬁ%ibwomﬁ
AR 57200, BRI 4 7 v E 03 FEGEMAZELT, 144 27058700 OFER
EEQRMASRATEMEED 1,72, 173, L/4-THELEBDEE L. T T, RAMBSR
A 100000 MWD,/ t LREL LD . BB Y AR (KD ERCELy FHE)ZY A 7 VBT
n, 50,000 MWD/t &5 2L HITRBAF LT B E, COFR2 Ny FORMEZMTATEERIN
BT LI B —H, 1A 7B 1= OFEMEEE DML 65000 MWD /1 O&HER, B
a£®Mﬂ%é¢%§@b@Hnﬂmemwctmmbmﬂ@ﬁ%ﬂ%mvgﬁ<méocm;

_s_n
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IEE, Sy FOEBEEFDULRST 2LV I BEENEON S, (KL - TERSRUENE
DEFEHSDUBAL, FRICEBE AR D, SEECLERLPETEEEVSRIA
BH 5, -

BRI L o PR, BB, EAKOENERSESET,, BAREZRU T B
RITHEEP, (HEeBEE) LoBGERE LD, '

II"TA )
d_z. ‘BUpeak'p'ﬂ:

COREBREEWCH > TRIC DS 2 2OFENET oz, | D3, BAELTEER
HEOREMNOLERUENE L. 312, HAY-2ZPLRTEHLTNEND L
ETH D, COWER NHRBKECLMFBR OBF E Y EELRET SBICITHSELY. Ll
5000 MW ()@ LMFBR D FAEMMEEH Fic Liuid, e — 213, @4 2 L DIESHICi3F
Mﬂﬂm&@,#4?»@%@%@.ﬁ®®¢®m£6ctﬂﬁoTW5?C®ﬂmM.@DW
HOEEBREIZ 1 LD HREZPCRKEDIEHLT, FIA4—BMEHERIZ 1 LD DI &K
L5, CORREBIR, b LALCAADIRADOE —+ v JHRESOD S KEE LTI ARG
BEEREO0, L, COEBIBIERIILTHED, 351K, SEBEOBEHICL >THFD
MAGMREOE —F v 7V RROBEBINL NI RELSRBNRES,

LIFLE, FoEstE, THFEFESLURREORAICLDHEWENSE, Lith-T, &
D OOEROWIEIC DO THERT S L ENEETH S,

2.2 BALHIE LGB HME LMFBR O5EaEH >

5000 MW (py @ He & £ T Na K » F#E LMFBRIZOUT, B/ MEHFF A ER T 5700 it
DB LR BRELEICES S ¥, HHEAIETONCHEERFTORBIZESNT
T tre BEE OB A He £ v FEITI3 148~ 222kw ft, NaH v FRETI225~ 35
kw,/ft QHIPAIC DO TR~ NaBEM OFEIL 25 ftsec . FlniC & BIRE FH 3 300 °F,
FOACRE 750 *FICRE L 72 FFLOEEIZ3ft, 8iFEOT S vy v PEXR 5in, ¥
REMTIFNOEAKRTHRINTOSE LTHE L, He £~ F#kl &~ OFaHCIZUNCLE
T = RSO DIV Na Ky FIRERTIZ, 26K & A (20 BCW 316 SS D 2T 1) ¥ 7 DR
B BB K Y VHOE S SRE L N K Y FOBIBIENL, RT Y ¥ IR E 55T
HOOT, Moz ) v rRBELTEBED ISHOEAERA Lir, 7 v HOEX L, BEKF
RGBS 15,000 psi & LTHRE Lize 7 v SBEOMBRIENICLS 5 v YEO#Y, 2Ty v/
& BEER BEURMOICHBELRBEBL TR L. BEEAKID, 169 KoMkl e v
SHERENTV S, FEEOKEREEGEOLERICELENS,

b T4 55 B DI, SR 4 2 VT T, REBUS 7 — ME BT - 7220
e £ 7 0 EX, 3004408 (full power days (fpd ) & Uiz, Bl OBERR T, Fi
EAHKB2HA 7N, BERADT 75 v b TRAYA ZVZRE LR, BEAT, TETHRE
BOBALIFYTH S EBIUMBOFNRAEREZEL 2HE, FARKY A 7 VTS
HIERA TR S T BT LI OT, MEOFENEARNIE—EICHEL 2. MEZRIRE

— 6 —
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PR S
BCTTS & Lire MOy » 7Y »7RfFT0T, #iid 2 PuoBEMERBLWR o0 HiEIN

REMIR S L, bt 5 v UESA R 02 B EE L.

SNOMWU”LMﬂmwﬁﬁﬁithﬁzK%?o%ﬁﬁﬁiﬁ%%ﬁ%mJi&AEﬂﬂ
KRS EOBETHBH, REEYORE, EYORERELORBAICONT, DL MG
127500, He £ FORICHIENC DU TE S N N5 TR 4R (Reactor Doubling
Time : RDT, Appendix 2BO I &) B 11ETHD, NaHy FORIBBE TR TEFTH -7z
He £ FEEUNa £ Y FORIIBEORNRDTIR, £#NEFNBFLIVIBHFTH -7,
WEMELUT T BhETHBEHEIT 1 ~3 X102 n,m* TH O, I LROBHORK
PIETEI2 30 ~ 130 MWD /kg T »7co 4 2 LOMEICHY A KA 71, 400 ~ 1100 kw kg
fissile DHEIFRIC 2 - 7=,

23 BAMBECBLMREE Y ORERES *

FALE L ORHmREh, SNHE EHEELS LU D CHIfmSN. REICH
TR ST, S0kw/ftOERBHIELENECERESHENTV D, EEORNS
2, KRR, B & M O, FORHE L CEERBLSICSDENS D, HEREE
AREBICT 2FEEEICENWT, BEOBRNABEAET S0 BN D b, mHMORKH A
BLUEELIAS—ETH L ELELEES, BECyOBNNTHEASE5IC DN THLONa
EWHBAT B, CRBEELFAELIEEFARMAERT 5. —H BHAOOKMRE. BHESNK
O¥AEHL X, BREEFENOBLABINTHEELIXREINS. BHERKRL IR COMERAD
T ARWARE LT B,

He # > FME © /20T 20400 GRILH10, 2E10) o Na 8 F@k 24 .0 R
12, 8{b#12) icBE LTI L FOY—+ Y 7HRELEECAQLT, BHAOL LT, He s
FUNa £ FBENC DT, #NF10 148 ~ 222 kw /ft 5L T 25 ~ 35 kw At O @I DT
BET L7, e v AL, He BLTUNaK Y FE 4030, 035, 040 % KTF045inico0 Tl
N, BRI THEER, ERTELSEAME, 2220 HR600 BERA L. 5000MW )

D35 00 BiTE L TR, FOOBK Nafu#Eid 25ft/sec & Lz, €OMOSEHFEIT~

THEHEFHCEEAC

B2 BB B LU v AR DV TEER I % X 3 I1C0RT, W& o R@itth 1537
FTACENND, KEVBE Y YORARENZ, NELEVICHENTHD. He R MK E
Y OEBEE TIINa K Y FE 0 BB, Na Ky Fge e v om@iRl AR ER RS RRKE T
ENHHHMENECATH D, CHIEHLT, KEVEEOHe F¥ FRFHE » (0.40BL00.45

in) (2, ERARELEMTSEL T 5,
24 BibhELUELMBEE Y ORELE YA E

He £ &£ U Na £ ¥ FORMME L SEMDBEO 4 DOREHERBIC DT, FOEHEREE R
BICT AME L Y BERICOWVTRAR, He ¥ FHETIE, SiIE77148, 185 LU 222kw/

P e b e e P
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Table 3 Optimum Linear Heat Ratings for Different Fuel Types,
Design, and Pin Diameters<?

Pin Diameter, in. 0.30 0.35] 0.40 | 0.45

Fuel Type and Design

Helium-bonded carbide | <14.8 17 >22 >22

Sodium-bonded carbide | <25 27 33 >35
|Helium-bonded nitride | <14.8 | 17.5 | >22 >22

Sodium-bonded nitride | <25 25 >35 >35

Table 4 Optimum Pin Diameters (in,) for Different Fuel Types, Designs,

and Linear Heat Ratings21+

kw/ft

Linear Heat Rating,

14.8

18.5

22,2

25

30

35

Fuel Type and

Design

Helium-bonded
Sodium-bonded
Helium-bonded

Sodium-bonded

carbide

carbide

carbide

nitride

0.35

0.36

0.37

0.40

>0.39

0. 41

.35

0.38

0.39

0.40

0.42

0.42
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Fig. 2 The compound doubling time (CDT) de-
pendence on pin diameter and peak
discharge burnup (sodium-bonded nitfide,
peak linear heat rating=25 kW/ft)328
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Fig. 3 Optimum compound doubling time as a

function of pin diameter and coolant
velocity for helium-bonded (18.5 kW/ft)
and sodium-bonded (30 kW/ft) carbide
cores. (External cycle time=1 yr; pro-
cessing losses=27; optimized fuel
residence times)29)
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Table 6 Optimum Compound System Doubling Times* {yr) and
" Optimum Pin Diameters3®

Pellet Density
% of TD 95 85 75

14.8 kW/ft
0.30 in. 13.4 16.6 24.5
0.32 in.2 13.3 - -

“ 0.34 in.? - 15.3 -

! 0.35 in.? - - 17.5

; - 0.35 in. 13.6 15.3 17.5

’ 0.40 in. 15.2 16.4 18.3
0.45 in. 17.1 18.0 19.8

!

| | 18.5 kW/ft |

| 0.30 in, 14.4 22.3 -

| 0.34 in.? 13.2 - -

| 0.35 in. 13.2 15.0 20.2

| 0.37 in.? - | 15.0 -
0.40 in. 13.9 15.4 17.5
0.41 in.? - - 17.5
0.45 in. 15.2 16.5 18.2
22,2 KW/ft
<0.40 in,? ~12,9 - -
0.40 in.® - 14.5 -
0.40 in. 12.9 14,5 17.9
>0.45 1n.® - - "16.5
0.45 1in. 13.7 15,2 16.9

* The isotope 235U is not include. The in-reactor inventory
is the fissile inventory of the core and the blanket. An
external cycle time of one year is assumed, and a processing
loss of 27%.

a . . .
Optimum pin diameters.
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diameter and linear heat rating3!
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Table 7 Optimum Volume and Enrichment Parameters for Model Reactor
and Resulting Power Peaking_Factors32

Fuel (a) Radial
Volume Ez_a -E;(BOC)(b) Peak/Av
Fraction| Study v = Power
Carbide 0.33 Static 0.32 1.40 1.168
First Core(c) 0.37 1.37 1.250
Equilibrium |=0.30-0.40|=1,50-1.35 1.226 .
Core
Carbide 0.45 Static 0.31 1.32 1.154
First Core 0.41 1.26 1.276
Equilibrium 0.395 1.31 1.268
Core
Nitride 0.32 Static 0.335 1.36 1.170
First Core ~0. 26 21,48 1.214
Equilibrium 0.20-0,25(21.72-1.55 1.188
(a)

vgcRatio of outer core-to-total core volume.

(b)

E2(Boc)=Ratio of outer core-to-inner core enrichment of
unpoisoned fuel at beginning of cycle.

€1

(C)BOO—day burn cycles are considered for both first and
equilibrium cores.

Table 8 Comparison of Breeding Ratios and Reactor Doubling
Times for Sodium-Bonded Enriched Nitride, Natural
Nitride, and Carbide Fuel33) |

Breeding Ratio
Enriched Nitride
Pin o;d. Core and Core Natural
{(in.) Blanket Only Nitride|Carbide
0.30 1.250 1.235 1.125 1.185
0.35 1.404 1.392 1.296 1,401
0.40 1.481 1.471 1.396 | 1.537
0.45 1. 540 1.527 1.444 1.562
Reactor Doubling Time (years)
Enriched Nitride
Pin o.d.|Core and Core Natural
(in.) Blanket Only | Nitride|Carbide
0.30 10.4 11.1 22.1 15.8
0.35 7.7 7.9 11.3 8.2
0. 40 7.8 7.9 10.1 7.6
0.45 8.3 8.5 10.8 8.5
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3. Combustion EngineeringInc. ick 3 1 000 MWe)
Na K v FR{LH#h# LMFBRoO5 3

Combustion Engineering Inc, TR R{LH# K A= BEICHA LMFBRICEBAT 2 b0 ER L
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on -Study "ICEED T — 8 EBALT. 500 MW(.) % £ IF 1000 MW D Nak ¥ ¥ AL
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Be

3.1 BRESMEVERE

B EE L EEEH S LU A 2 VB OMIES 316 SSOBAIC DO TR 6 ICRT . 5
¢®%%%%ma7@&ﬁ%uMhuD&66K£50%m®#4aw§wwj%<T%MMn
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A ERERT.

316 SSITMA T, P FRHEHEN 2SI THR ARBEMR LAV AR T, B0z Y
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AELD NI EEERIRY A 7 VBLDORARICKE (NS, BEC YLD KRS
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Table 9 Fixed Design Parametersah)
Driver height, ft 3.0
Thickness of each axial blanket, ft 1.5
Peak linear power including hot channel factors, kW/ft 30.0
Total reactor power, MW(th) w2400
Reactor mixed mean outlet temperature, °F 1030
Reactor mixed mean coolant AT, °F 300
Number of pins per subassembly 91
Fuel swelling rate, % AV/V per 10 MWd/kg 2.7
Fuel pellet manufactured density, % of theoretical 98
Radial blanket thickness, rows
Radial blanket height, ft 7 4
X MNecr-Tezmm
0 fdvonced
450
o
2
:‘:\
Fa 5
50
2
L5
>
S 2@ ©
A
)
0.295 0.370 D.458

Fuel Pin Cuter Diameter (in.)

Fig. 5 Matrix of fuel pin diameter and sodium
velocity for cases studied3®)

Table 10 Design Criteria for Fluence Limited Cores Based on Clad and
Duct Materials3"

Parameter Near-Term .. Advanced
Peak damage fluence, 23 53
E>0.1 MeV, n/cm? 1.8 > 10 3.6 x 10
Clad and structural Type 316 stainless steel; Advanced high nickel
material 20% Cw alloy
Maximum structural _
material swelling, % 10 5
AV/V .
Allowable stress in
subassembly duct wall, 15,500 43,000
psi :
fzel pin clad thickness), 0.015 0.012
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I Fig. 9 Doubling time behavior for advanced
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Table 12 CRBR Breeding Parameters”3)
Equilibrium cycle breeding ratio, FFTF—type fuel design 1.10
Equilibrium cycle breeding ratio, advanced fuel design 1.20
Number of refueling events per year 1
Reactor fissile plutonium inventory, kg pu® 1500
Mags of fissile plutonium replaced per refueling event, |
kg 460
241py decay/rate, kg/yrC 8
Power, MW(th) 975
Capacity factor’ 0.75
235y capture rate, kg/yr 8.0
1+ ) 1.25
(1-¢) 0.80
Reprocessing time, yr 1
Plutonium reprocessing loss fraction, % 1
8core and blanket inventory in equilibrium cycle.
One-third core and one-sixzth blanket.
Crotal fissile inventory is 8% 24lpy,
Table 13 Potential Design Modifications”s)
Tnitial | Modified| Sreeding
Core Core Ratio
Enhancement
Radial blanket pellet diameter, in. 0.485 0.511 0.02
Fuel pellet diameter, in. 0.1935 | 0.2085
Fuel pin diameter, in. 0.230 | 0.245
Fuel pin pitch/diameter (P/D) 1.256 1.1956 0,08
Fuel density (% of theoretical) 91.3 95 0.02
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FHE, BItmE LMFER 0@ LR TR ERINGTHS S, MILORENT§ER,
BALBAELE D & BRI OBAIC £ > TEESND CEIED S, Ehe, BB A 2 V5
DEIFL, BREHACHIRI <, fEMISEAE 50 SR D, COMEIYA 2 LEIRE LT
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S T(ACRBRP MELK, BUFAEE DR EM 55 & COMEHE NS AEERT. HMITIKCALH
HES NI BA DI & MR OBIEE TRT. M550 5 L5 KRICRENRIEHNT T
EHIAES, BER 13 NEEIN, SEBEOIFEECERING I LER 5,
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Table 14 Components of Ex-Reactor Fuel Cycle”3)

Estimate of Estimate for Multiple
Current Practice|LMFBR Economy2
Holdup after removal of fuel b c
3 1
assembly from core, months
Shipping to reprocessing d d
facilities, days
Reprocessing, weeks 1
Pin fabrication, months 8¢ 3f
Complete assembly, fabrica-.

. . . g h
tion, and preinsertion 6 1-2
storage, months
Total, months 19 68

aAssuming continually active facilities.
bTime for peak assembly to decay from 20 to 6 kW (100 days).

“Should be possible with utilization of casks designed for 100 kW
(current cask limit is 27 kW).

dCannot be estimated at this time.

eAssuming 2000 pins/month.

fAssuming 6000 pins/month.

Bpreinsertion storage is the main contributor.

hDelivery required 2 weeks prior to refueling.
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Table 15 Potential Design Changeshs)

. . ; Breeding Ratio
Design Modification Enhancement

Add one row to the radial blanket +0.03
Semiannual refueling +0.03
Increase control rod parked height to 5 in. above +0.01
core : '
Reduce burnup to 80,000 MWd/T peak +0.03
Reduce blanket residence time to 3 yra +0.01
Reduce cladding thickness to 10 mils +0. 06
Reduce fuel pin pitch-to-diameter (P/D) ratio to

+0.05
1.20 _
Reduce pellet-cladding gap to 4.5 mils +0.01
Increase fuel fabrication density to 957% +0.02
Replace radial oxide blanket with radial carbide

+0.03
blanket

aDoubling time would be reduced further because of a lower fissile

inventory in the radial blanket.

Table 16 Doubling Time Parameters”3)

A. Reference CRBR Parameters

Specific power, MW(th) /kg 0.65
Reprocessing time, months 12
Fraction of reactor fissile inventory replaced per year 0.306
Refueling interval, months 12
Reprocessing plutonium loss fraction, % 1
Cycle length, full-power days 275
B. CRBR, Advanced Ex-Reactor Parameters
Specific power, MW(th)/kg 0.65
Reprocessing time, months 6
Fraction of reactor figsgile inventory replaced per year 0.306
Refueling interval, months 12
Reprocessing plutonium loss fraction, % 0.2
Cyecle length, full-power days 275
C. Advanced LMFBR Parameters

Specific power, MW(th) /kg 1.0
Reprocessing time, months 6
Fraction of reactor fissile inventory replaced per year 0.306
Refueling interval, meonths 12
Reprocessing plutonium loss fraction, % 0.2
Cycle length, full-power days 275

-3 -
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4.3 A¥EEWHRLMFBR (Hetreogeneous Reactor ) it

WLRICT 7 45 + %7 L7 LMFBR i3 "Heterogeneous " (R¥EE) . Parfait (#¢7 «: 7
ARZ N =LA EEDEDIRLThED) i Bulseyve () FEFEL, + )W
LR FEEAVNSI O CEBIUBRBESH 0 BFINLIELENS O 2FEMEBE XINT
WhH, REEHFLLMFBRI 1 BHTRAT, FLRIKET L2777y FORE HEICL -
TEA PR BRERE SN T 5, ANEPLOEANEE, £-cfoESHoTHFo
By PN YT OEETHAE, 7774y tAFLERIT—BICEEL 72 RHEFLTRPHFD
By )Y TREECETH S, UL, COLIILROIEHIZ, FLOBE R B[ —18
BER JEROFPL) REFA—THL, FLETF Iy VESREZBALLE S, HEiENH
FINL0H, PLOBEHABSESEAL, BHBREABIRCESILLEETHE, CDLD
15 AESE (Heavey metal ) #5077 v 4o » b & LTHLKEATIICONTREL IR A X
(155, WREMEBDEMASKSEMHEOEREOHALD AR B3, SHIRIRE R
Bo Larl, fEERMORLRLDROCEEEZL SHMH LY ERGLCEICE > THERTSE
Do CDI¥, HBMEAEIBEFLZFLICT 7 27 o MBREESREBEALFESRSEIC
EESRIRECE - TLE S, -
FOEBOBL A » 7 » I o —XHh o 7)) v I~OBBIER. FLEBESETARTT
FUNy PDREEEETCITLE TS, THOE 10T 7 4 5 P ESKTHFLBREES
KEDELBSREFBEEIBELNTVEY, 20T 707 v FEASERTHEET & &8
WOHy 7)) 7RI EAERCBEDNFEDODERRICE -TLE S,

B EOBKIEMA TREFLDO LD —20O5EIRF b 9 ad S FEHAENSLSTE, I
RIGERHEOREUNHRTEALETH L, BRESROFRMOEHL 6 ~ T7inch OFL
T, EBOF P YT LARS FVEBEET ZAEERLOEBRBROLDBEOTHE L0051,
a) FHICFELEBEI R LEE ¢ 4 FIOFLBEESEP SR IRSMFE L2007 5 07
v P BREESEINOFELBEESER 2D T I vy MBEESEK

DHRLICT 7 27y MREIEGERTE LSS 35077y v MRBESEI L A0
Ty P 3 RDFLBRRESR S 2AOT I vy P EEE I FIOFLESE

IRIT 1200 MW( o) ODLMFBRIZ DT, AIGEH L HEROOHEHE QL L TON 5,

L fF P U aEs FRGE (78 2dlLT28)

2. @V R (<1300 LT 135 ~1.40 )
3 fEEEsR) (M4 FRMLTIRE) _
4 BOESBEMHEOXEE (0% F-R3enllt REEF 81544 kg, BB 5281.9kg)

5 KEVFELH A X (100 MEHEA KRS EDBM)

6. v 77 (BAE — 0005 kK LT — 0.009)

7 XD EOBREHERE
8 {EVAHETFRET 7 v 7 2 (20%LER)
9. /PEVFHIEEY -

J P A S



JAERI—M 7374
10, @AROAY 7 RERTHEESDORESE (20°FRE)
1. FBCEMETSEEUGE (B14 1 00042 Ak k0% LT 0.0058 Ak k)
12, BRI E AT fE S B o Ak
13 BB EYERETS S BAEEHBMRE LU P Y o 484 FRIGEDE/LAD 1L
14 BREEAZEALLE, BAC-+Y VEMBLTF b ) 9ok A FRUGEDELp A x50
15, BOREMOEHEE (3% LT2%)

BISHCRAL 727 — 4 RRIBIRT 5 FIIEIF D5 EEE I K B R4S 0.280in KL T
I AT 2 ~ 4R E-TLE D, FAEFLOEBEMRE C Y ERI20300in THY,
BEF O 0330in i TH LS, CRBARET 57 v PREDEOESESFAMS
NalvwThb,

CRSRIEEFROCOHRH B SRBR TSRS I TELLEAFHESERINDS
B, AEEFOEERTLLOOREZNEEIRAADECARS TS0,

7 7 ¥ AT 1800 MW.) DRXBIAREEFLO FREEI BTN ANL OF — 2 LR R R
DIFEXI N T 613)§ 7z, Atomic International (AL)T % 2600 MW() DAREEFLORFT %
iV, 2 OBFIECOVTORE Lie Al 0F - 4 2% 1TIAT . REEHL RS E LI
HRTHECEBEEAG LT 28RS REREOEWESEL L -nic, AR/BHEIHRE LS4
FEZELAE T3, FHRETIE, AEEFLOTREFELSRENHIZPus LY v MIRE
DHETESAZORFRIAZRINS, FLBRERLILDICRBRIAET(HDELREIIHN
mil kwh K&E{ W ->TULED, COHREEMI 152 mill,'kwh &75D 081 mill kwh 55
FEOD BB -TWA, UL, ROEFRZEEESENHIC, FRAICET 5 B OERE,
GO DBBEEINDZ ERLLEDOFEHNDD, REIX P FOMBERAS EEIEZNS
NETHBELEL OGNS,
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Table 17 Comparison of Key Design and Performance Characteristics of

the Regular and Bullseye Core Configuralt:i_ons""9
Reactor power, MW(th) 2600.
Outlet sodium temperature, °F(°C) 930 (499)
Design peak burnup, MWd/kg 115
Active core height, in. (mm) 46 (1168)
Driver pins per subassembly 271
Driver pin o.d., in. (mm) 0,30 (7.6)
% Core Configuration Regular Bullseye
i Number of subassemblies 559 703
: Central blanket -— 19
% Inner driver 138 60
! Annular blanket (two rings) —— 78
Outer driver 90 168
Radial blanket 198 234
Reflector 108 120
Total fissile Pu mass (MOC) kg 3600 4900
| Breeding ratio 1.26 1.35
; Compound system doubling time, yr 19 19
; Sodium void worth, $ (drivers only) 4.9 1.8
! Doppler coefficient, -Tdk/aT 0.0096  0.0095
| Outlet temperature degradation, °F 20 31 (57)@
Total energy cost differential (mill/kWh) BASE 0.81 (1.52)2

dyithout annual reorificing of blanket flow.
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5. A RpEHERMMEE @ GCFR

E%R@%%m.%mm@%énﬁmmﬂ%ﬁﬁf,%ﬁﬁ%ﬁ@&ﬁwﬁ@féot&mé
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T fe. R DI, SEDIT A UAEHAC L 5 FBR OB EIE A 1A, PBRIHZELMFBR
L BE— &mmmﬁT5$£$;0Mmmﬁaﬁé%xf.mmiﬁmxot,ﬁmﬁgw
k@@@iﬁmﬁ%;ﬁﬁ@@?ﬁ@A%m%ﬁbr.«uvAﬁz%émemthamm
a#k&@ﬁﬁ%A@%mth%@%ﬁ%ﬁﬁébﬂfwé Dz o%E, GCFR 14~15 &
NS EEREAT L TED, % OEEERRRAHRMELMIBR & FRE, 3Tl T
DY ~12FETHBC &5 -»Txl, GCFR DMK E » DFET, LMFBR FICBHEZNLZ D
ﬁ%%ﬁ@;<ﬁo1w6ﬁé@m%ﬁﬂ%xfyvz%fﬁ%bt%@ﬁmwénfwéom
Bk, BH7 BEMORARENE S LMPBR (UL A@EERLTO S, 27, ~Y
Y aH RICL BRBREEL LT A HICRE Y RE ) THRE SN TS, (K19 BEROC
&)é%ﬁ,LM%RK&NT%EFTﬁﬁéH5®T%ﬂEV®7U—TKJ%%%%%U%
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/@é%ﬁk%wtmeMﬂm®U4?7zf&mﬁof 7)oy FERIR AR~ #m%wbnf
W%, 20 I PES O# AR S o R8I Yy DERGT/ YT 4 — &%Tﬁo
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UBBOC E) 7275, GCFRIHTGR i K THLD D HEENS DI, ~ YL
&%@Eﬂﬁ.HKRamMOﬁEmm&TM«JB%E&%<GOTED%EEW®%%ﬁA
%TﬁéaﬂﬁRQmD®ﬁZﬂ§ﬁ.%E&EH%%WTP%tbK%UTKmﬁénfwé
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K%w%néﬁm,Eﬁ%%%%®f%ﬁﬁ%®tbﬁﬁ%éﬂéo«UGAM.F@%%#T
T H RARTHEEL, RGeS B LIS il K4 FERIRI 055 M Z LMFBRD
#FUWA£4F%ﬁZ*SFwK%NT#ﬁK$§<£éT560é%w,AUﬁAM§%T
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Table 18 Major Design Parameters of the GCFR Fuel Element53)

Total length excluding support latches (rm)
Number of fuel rods

Number of hanger rods

Number of instrumentation rods

Pitch of fuel rods (mm)

Length of fuel rods (mm)

Outside diameter of fuel rods (mm)

Root diameter (mm)

Ratio of o.d. to i.d. (root diameter)
Length of fuel zone (mm)

Length of each axial blanket {(mm)

Inner duct dimensiony hexagonal (mm)

Duct wall thickness, upper/lower part (mm)
Number of spacer grids

Structural material

3335
264
6
1
10
2100
7.4
7.2
1.15
1000
450
165.5
3.8/2.5
8
German steel
(1.4981 and
1.4550)2
U.S. steel
(316 stainless
steel)

a
Inlet nozzle area only.
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Beladetifnungen
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Fig. 21 Section through NSSS of GCFR 1,00051)

Table 19 GCFR Design Parametersso)

Plant output [MW(e)]

300 1500
Helium pressure [MPa(psi)] 9(1305) 9(1305)
Top helium temperature [°C(°F)] 550(1022) 600(1112)
Number of main loops 3 6 :
Turbine throttle pressure [MPa(psi)] 8.1(1179) 9.25(1340)
Turbine throttle temperature [°C(°F)] 495(922) 535(994)
Net cycle efficiency (%) 37.2 37.8
Active core volume [m3(ft3)] 3.14(111) 16.6(586)
Active core length [m(ft)] 1.0(3.28) 1.49(4.89)
Average fuel enrichment (%) 17.0 13.3
Breeding ratio (ThO; blanket) 1.40 1.47
Compound doubling time (yr) 12 9
Hot spot midcladding temperature [°C(°F)] 700(1292) 725(1337)
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ZEt B TBR O RFMAIC 52 22815 & 7 MEADOICHE Lit, ~— FRBEFO 555
ZDHTHATIBR OHFOBRRRELASEHIZKDE S DTH B, FBRAKIY T MM
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Appendix : fEHEGRIs X ONHRAIL DB

FBRICIZAEREOM KB EN £FET 2R 6 EELYE Li3f5%8%M (Doubling Time
SEITDT &#89) TH 2, 5l (Breeding Ratio : PLTF BR &#8¢) .5 F5EF|15E (Breeding
Gain : BG=BR-1} i, DTZHMETE2EHD—DOTH 5, ch5OAER. BomicR, 7
RKRT 7 VBB E LIcBh i FHIC B 0T, ME 3N 25UIcdd 5 2280 o 2%Pu ~ D B
# (Conversion Ratio ! CR) & LTHAZI NI, #iLTEEFOHE KL 5T, CR IZHAHEM
PEOHBEICHT 2ERBEOLICEREN, COEHN1 LD EAETESE S - BN FBREE
HNELDICE T, 4 F ) 2T, BAREVEOFRIBE~DFSCES LT, @K E
IR TR EN A FGE ME%E (Isotopic Reactivity Worth ) w, 28 A L X5 H5EH, BR

Reactivity % 4 L 7*155)
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CAICKLTO Vo124 + Y R OEBIZFA—FLIC O T, BB, AR KSR
BBORICL - TBR UMK E LS CEEEEL, w, KRATRATRE NS Weight Fa-
ctor 7 AHCATEABEBLTNS,

p,—vo, Ja,
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NT28, EROREFEDEREDT, ChoDBERUADEBEIS A 7 L &RICKECEAR
N5, % T 19744 Wyclcoff & Greebler iZ#Kt+ 1 7 V2% Z1HiIc ALl DT OE£481 08
L2 o o fIc BAEE P HMEIC I S (LT O EADS 4 2 VE X, BAEE L SRET
MILOPuDHERLEEC—EDOBEERET S CEPY 5 VBHEE EOE/EBHEL TDTAE
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EL-DTOFEEFENT A, 14, Trans . Am Nucl-Soc.vol - 26 584 ~590 (1977 i DT &

FUBROBESLINTOHEDOTHES ZHiIIBERINIU,

A1 Wyckoff &L Greebler (Z L 3TEH )
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DTE LU BRATEE T Z-HICIROAEBEA LR,
RDT = RF AR5 5H5R () (reactor doubling time )
IDT=EH A 7L« 4 v b {55 (5F)  (fuel—cycle —inventory doubling time )
CIDT=#¥44 7« 4 v+ ) BOMGEER () (fuel —cycle-inventory compound
doubling time )

B (fissile—eoc ) — (fissile —boc )

B (fissile —destroyed )

(fissile —gain )

~ (fissile —destroyed )

(fissile —produced )
BR=1+BG=

{fissile — destroyed )

{fissile —boc )
RDT =

(fissile gain) X (fuel cycles “yr )

B (fissile —boc ) X {(out —of —reactor factor }

[ (fissile —gain ) — (out —of —reactor losses}] X (fuel cycles yr)

CIDT = 0.693 IDT

ERHEOEH®RRDEIOVTH D,

1. BGEBLUBRIZIMEIY A 7 v 2 TEH LAHET b,

2. fissile = 23] + 239 pyp 4241 Py I(kg y )

3. fissile ~boc =Ml 4 7 LOEBITFLB LT T 7 ¥4 » FMCERET 2T~ T Okt

HE (kg) '
4. fissile —eoc =K # 1 7 VR THELB LT 7707 v F\RKEET 3TN TOESEREME
(kg )

5. fissile —gain=#El+ 4 7 L OESBUBREOEKROENE (kg)

6. fissile—produced =#¥i+4 4 7 AV HICAER S QLT < TD (gross) DEARMEME (kg)
7. fissile ~destroyed =8kl 4 2 whic i3, hHT-EE, 2723 *'Pu OBETHREL

e T OB REHE (kg)

B MREIH A /il MECHRERTFFOEGSHEBEINLEXHITD, ROMEZHBOIDHIE
DEFENTIEEHRTT 5,

9. MEHA I NDBEDELTRYICET ZHFEHERE ORI, FOBLTT 7 Vo v MK
HT 24 RTORSEEBDEL S '

10, BHECHBEY A 70 BLOIER D OB A 2 A BEERD T NETIIS 0, DT DE
BREDSOIBE A 2 VREBELRLOTHD, fFRYA 7 vbiTicA0Sn b L
UThdERELETNENL SN,

11 (fissile —boc) + (fissile inventory external to reactor )

out —of —reactor factor = —
(fissile —boc )

12. fissile inventory external to reactor =@+ 4 7 VB THARE TS ENTES
MR EE, #at, HrE LMty SO R
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YHE (kg)
13, out —of —reactor losses = #7%, FHiLAE L U SHEEEE 4 2% 7 " fissile inventory ex-
ternal to reactor "IC £ A3 RTOBEEIHEDLE (kg)
TN b =AY A4 7 T BT A " out—ofreactor losses "= (processing losses) + (4F#T
BB PunEE) (kg)
14, processing losses =172 [ (fissile —boc} + (fissile—eoc) ) X (refueling fraction) X (pro-
cessing loss fraction ) (kg) )
15, refueling fraction=&Mk ZHMEFIC B XN 3 FLBRENE S KD 438 Y
16, processing loss fraction=k1E% & FALIBFIFRIC 547 R4 BMEME D48 4 4
17. out-of—reactor ! Pu decay = 172 ( (fissile—boc b #'Pud & H &)+ (fissile —cocthd
MPudEHB)) x [ (out—of-reactor factor) 1) x (2% Py
decay fraction) (kg) )
00462 7

18, 2Py decay fraction=
' fuel cycles/ yr
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a) bod —BHEEHRCTALAHRAPURMNMEEEHERETHAI, LEL, ZOHIXHBYF V-

Frbzy AR A A EPE LD THEO T URBRA L, FITABEHA 7L ES50
EBREATECLHBHTH S,
b) BT (kg )3 235y, 29pus L2 py OFRFENRE - T H O TERICIIEFBICLHA
Lttty Lil, ZOBEZROTHELABRBLUDTERTFRELENHELLEAOLDER, K
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G fissile gaincycle
L, :fuel cycle losses
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