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Strategies in Development of Advanced Fuels for LMFBR

Muneo HANDA

Division of Nuclear Fuel Research, Tokai, JAERI
(Received December 2, 1976)

Overseas strategies in development of advanced fuels
for LMFBR are reviewed. Recent irradiation experiment and
out-of-pile test data of the fuels are given in detail.
The present status of development of oxide fueled LMFER

is also treated,.
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Electrical power
installed (Mw)

Pellet | Maxi | Maxi [CompoundiPenetration
darneter| linear |burn-up{doubling | factor
mm | power |Mwd/t| time [in 2000
£00000 |- D w/cm year
Ay 7 900 100000 |- 8 52 %
Bl 65 500 100000 §{ 13 1%
C 5 500 |100000 | 36 38%
p| & {500 {00000 | 20 33%
300000 —

Nuclear electric. power
(prevision)

200000 —  Total electric. power J

100000 —

1980 1980 2000 2010 year

Fig.l GEstimated Fast Reactors Penetrationll)



JAERI-M

6851

%3 CmMHeﬁ%%ﬁlm

8 S = - ] FPHREEE (%) | KRz ) v7rE (%) 7 ®
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(UPu) CN (3) 39 (6407C)

L5 0.05wt. 25—
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w oA BO00W . cm
& B s 97 0-1010°C, FHF662-6027C
BEEF 92% TD
Pu U+Pu: 20%, ™ UBETIIE
TABLE 4 Irradiation of High-density Carbide Fuell7?’
Smeared Linear Cladding
Density Heat Rating|Burnup|Deformation|Cladding
Reference (% of theoretical) (W/cm) (at.%) 92_7 Condition
el
(Ug,92P% . 082C
25 N 95 590 1.83 0.55 Cracked
25U 94 670 2.08 0.34 "
25 C 93.1 715 2.21 0.62 "
(U0 92 (PN og
26 N 94,4 640 1.60 0.41 Cracked
26 U 93.9 640 1.63 0.52 "
261 94.0 640 2.37 0.34 "
- Cladding temperature: 600°C.
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TABLE 5 Superheating of Porous Fuels Measured at the Start
of Irradiation at Constant Power17)
Fuel Density Linear Calculated Surface
(% of theoretical) Heat Rating C;z;z‘rlrzgmiﬁrgture Duration Temperature

Pellets Smeared in Ramp AP |of Ramp | Start End
Reference (%) (%} (W/cm) Start Maximum (h) jof Ramp of Ramp

H1 87 (1) 84 825 1575 1730 20 1350 1520

H2 87 (1) 84 975 1700 1910 10 1460 1680

H6 79 (2) 70 640 1650 2000 0.1| 13%0 1870

(1) Pellets sintered 4 h at 1650°C in vacuum (initial diametral gap: 0.12 mm).

(2) Pellets sintered 4 h at 1450°C in vacuum (initial diametral gap: 0.37 mm)}.
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/! N\ -1 1500
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Fig.2 Experiment H6: Center Temperature Variation at the

Start of Irradiation 17
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Swelling rate
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Fig.3 Free Swelling of the Carbide as a Function
of Temperature

TABLE 6 Irradiation of Carbide Fuel Elements

with Low Smeared Densit§17)
Density Linzzznﬂeat Burnup Dgizgzizgon Cladding

Referencel Pellet Smeared Rating (at. 2) | a4/ %) Condition

F 21 (1) 83 78.6 670 W/em 5.00 0.20 Continuous

F 23 (1) 76.2 74.6 650 5.13 0.25 Continuous

F 33 (2) 75.9 . 73.6 540 4,40 0.50 Continuous

F 51 77.7 76.5 - 500 5.90 0.40 Cracked

F 52 86.0 + Tc 76.3/83 (3) | 500 5.80 1.07 |Cracked N
F 53 85.8 83 500 6.20 1.38 Cracked

H1 87 + Te (83.5)|80.5/84 (3) | 1000 3.94 0.87 Continuous

H 2 87 + Tc (83.5)(80.5/84 (3) 950 6.92 1.40 Continuous v
HS 83 (3 71.6 1150 12.40 1.32 Continuous

(1) Witride fuel.
(2) Carbonitride fuel.

(3) The second value 1s the smeared density without the center hole,
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TABLE 8 Carbon Content in the Cladding of Fuel Element

CA6 Estimated According to Microhardness

Measurements!8)
C wt., %

Internal Maximum Mean
Cladding Temperature|(inside edge) Across Thickness
500°C 0.29. 0.12
610°C 2.0 0.49

- Carbide containing 2% of M,Cj3 phase.

- Tnitial carbon content of steel: ~0.06%,

TABLE 9 Calculation of the quantity of carbon consumed and released during
fission with a burnup of 100,000 MWD/t20)

Probable compounds Theor. coeff. C consumed, at,ppm
[H9) (U,PulcC uc (U,PulC uc {U,Pu)C
F.p. Atemic ppm | 1y ¢, +(U,Pu),C3 | +UpCy | +(U,Pu),C3{+UsCy | +(U,Pu),C3
Ru 14 050 UzRuC, UyRuCy+PuRuy 0 -1/6 0 -2350
Xe 21 250 gas gas 0 0 0 0
ir 27 950 ZrC ZrcC 1 1 27 950 | 27 950
Cs 18 700 Cs Cs 0 0 0 0
Mo 22 550 MaCHIC,Mo | MoC+(U,Pu)CoMo 1 1 22 550 22 550
Rare Ce : 12 450
earths: Nd 15 850
La 6 000
Pr|48 250 5 400 | MC+eMoC3 MC+eMaCy 1 1 48 250 | 48 250
Y 4 400
’ Sm 2 350
Pm 1 800
Bd 4 750 : UPdy (U,Pu)Pdy -1/3 -1/3 -1600 -1600
Ba 6 650 BaC, BaCs 2 2 13 300 13 300
Tc or Re 5 900 UReC5 (U,Pu)ReC, 1 1 5 900 5 900
Rh 3 400 U,RhC, UoRhC »+PuRhy 0 -1/6 0 =350
Sr 8 100 8rCy 5rcC, 2 2 16 200 | 16 200
Kr 3 400 ‘ gas gas 0 0 0 0
I 1 600 Csl CsI 0 0 0 0
Te 2 950 UzTeCZ U2Te02 0 0 0 0
Rb 2 300 Rb Rb 0 0 0 0
Nb 500 NbC NbG 1 1 500 500
Totals 192 300
C released 96 15 133 050, 130 150
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TABLE 10 Reference Data for the SNR Carbide
Fuel Element13) '

1. Fuel type (U, PulC, solid peilets
Smear density 75% theoretical i
density
Bonding Helium
2. Cladding 1.4970, cold-worked
siainless steel
Diameter 8 mm
Wall thickness 0.5 mm
3. Operational conditions
Linear rating, maximum nominal 800 W/cm
Maximum nominal clad temperature 620°C
Maximum nominal burnup R 70 MWwd/kgy,

TABLE 11 Typical Des:i.%n Data for Breeder
Power Plants!3)

Standard | Advanced | Reference

Electrical power, MW(e) Oxide Oxide Carbide
Flectrical power, MW{a} 1200

-2000
Fuel pin diameter, mm 7.6 ] 3
Linear heat rating, W/cm 450 450 800
Specific [issile core

inventory, |t/GW(e}] 2.8 1.7 1.7

Total breeding ratio 1.18 1.20 1.35

[ 150 Ee
<
&
1 [Cwe © mxs !
130 | Hwr : ®A®
!‘ HTGR Wl 2
FRox @ M{LBmy&ER
- FReardb @ MICHBMRAE |
Ho +
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TABLE 12

Fluxes and Maximum Neutron Doses >0.1 MeV in the

Burnup Range of 50

toc 100 MWd/kg for Different LMFBR

- Classes!?

Reactor type <100 MW(th} <1000 MW (th} 3000-3000 MW ({th)

Neutron flux > 0.1 MeV n/{cm® sec) 2 x 10" 4 x 10" 6 x 10%

Neutron dose, n/cm’ 0.4-1.0 x 10 0.7-1.5 x 16° 1.2-2.5 x 10™

Displacements per atom (dpa) 35-65 70-125 90-180
TABLE 13

Normalized Radiation Damages (dpa) and Burnups (MWd/kg) for Different

Reactor Classes!3d)

Reactor class <100 MW({th) <1000 MW (th) 3000-5000 MW (th)

{Rapsodie) {SNR 300} (SNR 2)
Normalized radiation damage 1 1.8 2.6
at peak burnup
Normalized radiation damage 1 21 3.5
at average burnup : ’
Peak burnups related to equal
peak radiation damage 250 140 100
Average burnups related to equal 100 60 40
average radiation damage (100 peak)
Peak burnups related to equal 200 100 60
average radiation damage

TABLE 14

Comparison of Dates when 120 dpa Damage Has Been Evaluated & or Has
Occurred x for Different Reactors with Date of Design Finalization

for Core Construction, O *13)
Country Reactor 1970 1975 1980 1985 1990 1995

France Phenix a ®

-Superphenix Q @]
U.K. PFR O ®

CFR1 O X
USSR BN350 . (] ®

BNG0O G x
U.8. Fast Flux Test Facllity 0

Clinch River Breeder Reactor @

. Near commercial 3] x

Japan Monju ®
India FBR500/1 O D] x
Debenelux SNR 300 (]

SNR Z O 8 x

*() to @ difference within a country is a measure for realistic timing for breeder introduction; [J criticality of
demonstration reactors; and [ criticality of large power plants.
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BLLEMHETHIE, Ikt LT, He # ¥ FAKR TR, REBEROoHovs L
DB T, MEDLEFEREC LS. 20719, BEHEMZOZEIL( Restructuring Y
0, BRHYBH»oEFRICEELXT Y Y I7EOoKash, BAMWRATY 27 (A)ITXES
TLBZ &I B,
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CMFBEORT Y v /B E R~ BANEGHEALS B E VA B, CORBIOOT, &
M FL YOMREZFICE >TRICONZ “DOMMABLEEINTL B,
(1) BMEOERRBHOHE
BALHHE T, FRFAOEFE T SESK T OES000C /cm Jownic, BEE®IO,
 BERBERCEELTOAREAT. AR THEORSRE (BARPLOICENE ) SE 0Bl
Bl~OBBT HBER B0, ToBBLEREBREPOBICH -TEET L, COBET, &
Blew Y o 2 ZORERENTEFPARRBRA - FTanBHBLAICEIN S, Tl L
TRILHBE T, ToLIEEHEOBRITREBEALBILLEL,, UTZOREAKL20THE
BT 5,
ﬁECﬁmTwiﬁmﬁﬁﬁEvmmﬁﬁﬁbénao
v =KT 2. P 'ep + aHsgrad (T)

22T, KREECKELLVWEYR, pBELFEEOHE. PIXEANOLE, oHE
HRIT AV E-THE. CNOGDEHEDIL, BHAXEZEAT 2L 2B EHLFME
DEZED DATHE, NTIK, BB IURILAEBEHOLEREOT v =V R 7Ty
FERT, UCKLUUNDELFR, UO, BLUPul: Lob/hE0nyndd, Pulxdk
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TABLE 15

Rates of microscopic swelling Sy (T<T.) and rate of swelling
due to solid fission products Sy in carbides?3

Type of Rate § Burn-up Fuel temp.
swelling [%/%)] range Z T [°C] Remarks
M 7.4) 1.53 21290 Na-bonding
M {(7.2) 1.78 21340 Na-beonding
M 2.5 £1200
M L7 %1000
M 1.45 ~2.5 720-970 Na-bonding
P 0.6 - calculated
P 0.5 i3 - experimental
'I'k_"C o
i y/ atm
17007 é
Z
Z
7 -5
/,;‘ 10
1500 ,///
é& °
4 74 ®e
A -
1300 &\\\ 1076
bWl
i} NN,
O
1100- N 10-7
. \\C\
- LN .
900 -8
}\>,\ 10
T A
\o N
700 + » Sva
1 . L | 1 1 i 1 | — 10_9 {
1 3 5 7 9 11 bZ% 4.2 5.0 5.8 1074 -1
—,K
_ T
Fig.6 The Relation between Critical Fig.7 Total vapour pressures of

Temperature T, and Burnup b23)

MX-type fuels, compared
to those of U0, and PuO;
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FNES, 2EMIALEREADO /MU, BB ) »7 2EALTHEEETHS
(Congruent Vapourization Jo ZNKXN LT, BARMLOBE S LUELBRE 5
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ETOFEE, Pr th®Er AHORLEETH B, FlA IR, L XRF4 FCHBRRED
Uk, BEBEFEEORS, X3 ULCKADHIBEH T2 2, NIIK, BEOHA,
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EHorced, BHpRBTHAINTL 2,

BMMIE R '

BAGEBR I, RIECDRABEICENT, ABLUOBALEESERECENHIC. BB
AL 7L DR ST RIS DB (SR ORMALEE S nFET BEE D bk L]
Cotfedy, BARFUSEABIURACEELLEREBBLILE s, SANIKEELTYL
REPAADHE Y b 07 AR~OBERERIE S, 0BG, BB 0L E EESIC
BOTESEEL oftbo LIti-T, GOEADFPH AH. NESBGHAL (01 am BT )
ELT Rt w7 2RIKHALAB O S, —F, RILMZRBE TR, #% JUESE
BEBRIOLHIE, BARFICL > THERIN BB L HBRE, BLHICh~TES
TE RISV, Cotews, FPHRAOHEREZR, RFHHEOBEEFHFEICL-TRED



JAERI-M 6851

(poaenoIe))

(nz PRZTTTqOmT ST | (57400007 38 43¢0 E170ng S870p)1en0 saanssaig TeTiIvd g'87a
210d 9yl 3AIND STYI MoTaq ouvs W
. O
uot8ax 9yl ug adejyans o1z 502 ooz . 66}
10y 9yl 01 PIOD Iy} Wwoij T D |

2INIEAIND U IDUIIIIIP 9yl
03 onp ﬁmn\<nu 30933e 9118
~oddo ay3 sjussaidoai aaand
Terauzuodxs 9yl *9zTs 210d
3yl Jo uollduny ® SB ‘y UL
pue g ur saanssaid anodea
untaqriEnbe eyl usamzaq
OT3®'I 243 judsaidex saury
uydrexls 2yl -A3T(rgou aiod
IeTNDTIUBT WO 2IANIBAIND
edeJans 910d 8yl Jo 3923149 6°3Td

wd ‘2
040
060
-0 80
w3y 0003
T-ud
q
ANV




JAERI-M 6851

ODHTHOEDESINES I Lt -T, RILHRBEADOF Py 2g8i, 01 umld
FEEE L, 80z Y Yy RERTREANIAL ) v CE--TXEZIN 5,0
324 EHEAHHe £ FR{toBmuors 28

(1) DN -1 XUDN - 2HHER
MXBERE (R, REMLY, ZH)HOBBBIKENL-T, TTEBRBCSOTEHS
CRHHAEFL, SMEORTY v /BB EHE~, COMROBEN, He £ FRBELT
BLTOWAELAEENEHELEE LI, TOHDN -1 B8LPDN -2 MAEEHMSEFTES
7o DN - 1 EBiz, 19708 uRan, BE~» FEDFRBBENTZ, T ZOBRH
Erat. FLOOHBMBERENE TR a7, Na ~-KTAHTAC Eic LD, 200W/ g
(= 1,300W,/ cm)BEOEN I TORBHBTONL, COFEORPT. DF R ORHSHM
RERaNy, BEERBIZ, 57V F4+FcE&BADN - 2EBICUBZL oo DN- 1
BE, S 00BEEE,. DN -2 REE, REDHOERKETLTEH -8, KE
ILmE e 1868 ENT B, BB ECKIZ, @MW T28RTHS, R16KDN-1
BLU-2BHEEBORTS Vo ~LERT, e, 1L TR 07 7 20MBEERESE
FEHTRT o
HERBROHEEIZ, DN-1BHETRENaKTthAH &, F+7 e ADOKAMEER
230CTH -T-DIKMLT, DN-28HTiR. Na THHEIN, ADRER 400CTH -
ETH B, S0, 57V F 43, DFRiICE~NTH I OKKRLI LI, L LEBOSH
FRART bR HES 2T 5,
(2) EMEEICETEDN - 1 BKORRER
HE, Wlat. % 2 COERERORFERROT -2 LB on TRy, &R
SUETTORBORBEEIBRHNOEBRICLORE(R T, KILTRDZ>ORD
w IS ENS,
{a} ZiL®
BmEOMBEL. BAMOKBRELL-TEG, _Ly MK TE, FROPa L
NESILOBB RO EA4 FEERINE, REATABHTE, AKERI/HZC, &
L&A FORBERTH B0 COERREOCHBEANLCE T 2REED L 01T
mbﬁﬁﬁﬁwtmféé&%bnégFPﬁzﬁﬂm.ﬁﬁmﬁmb.inVﬁ@i
WRE &ML 5,
(b) BAL#I® JURE(LY
BFOBBEMSAE, BANONEEIEEHIObART O, T HLIKKEDEFILK
LEHiT, R B AN X LR EAEBBITHEEAMOBKBLEETIE S, O
SR, BRENFLEL. BECHECR-T, [ABR(IBULIEARSBHESINL, LD
EA EXEEBEEOHMAEEHICRERLTE - BRPLOMETR, BEZ 28I, 3LA
EBEGO. fFALEIEHFUEZ O LAVEKREBRLN S,
BEDKEETS 1 umETCOSIAHICHONT, ETHREERAEZEHEBRSNEKC
o TER Lz, Wi{tds SUSEERE ey w0 T, BAFRNOH TR LBy HT
BT LGl olEFaoafel 1 1IRET., SAOAMHIKs. RILHEEMBE L~
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TABLE 16
The Fast Flux Irradiation Program DNl and DN228)

Fuel \Bor- Pin DER.Running SChEdu"Peﬂdalﬁwrpam‘nggan’od
™ e =% B sk 5k
type| Compsition 1--Ieurm g Desig~ rfﬁﬁ%:; 2705 71 728 73 Eu?;‘i?z;'ség?s SErsdl 7 |79 | a0
AP H 129 276 3950 502 .
Pl [ari | 5 290 !
AP4 5
Al tupun 1 s T s ; o TR JEE—; -
Vv AV3 2 12§ 76 55] 502 E! —
AVd 3 173 L
Bl ar! 3 130 277 397508 ‘
B [(UPuICor: Non BF2 7 13, L] (
a2 He | BF3 5 Taasl 236 I
C |(uPuICas Nes el < i« -
) P cPR2 7 150 272 181 :
DFI { ! .50 373 382
Dl ruruc DF2 5 | 150 ‘
0P3 7 )
EHFP4 ] :
E [turPuc Ne E Erves 3 -
X [[1PuiCos 02 P XP1 § |
Fuel Bon-| Pin RAPSODIE Running Schedu#' . ‘
. . §——————end of the repor ting period
. . - Pul. ding| Desig - N e
ype| Composition  |-=form, nation [< 3388 34.;.;35§l§36~,-,,37 8|39 |0 |41 |42 | 43
A {UPUIN ANP BO L il 7
_C U PulCrs Nos Ng CNP j 2] it § 38
P ENFP 7 Z Lo 37
EHP] M |
E | UPUCoeNe |02 EHPZ . i >
] EHP3 e *
ve | e T :
I €
F | (UPu)Cas N P FHES : 12 "
FHP2 | : "

Symbols. P: Pelletired,V-¥ibrated .V -Co-Vibrated: wam winReoc tor, r-~y s Under examination; %:=Enc of irradiotion; f#=Failed pin; @=Suspect pin
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TABLE 17

Concept and Specifications of DN-1 and DN-2 Irradiation Tests28)

fuel : plutonium comcentration, Pu/(U+Pu)
uranium enrichment, U-235/U; DN 1
DN 2
smear density
pellet diameter
pellet height

20 w/o,
93 w/o,
BB w/fo,
82 T of T.D.
8.30 wa,

approx. 10 mm,

cladding: material = DIN }.4919,
diameter,inper= 8,50 ma,

outer= 9;50 om,

fuel pin: overall length, DN | = 790 mnx, active length : 475 mm
DN 2 = 726 mm, active length : 320 mm
void volume

{plenum only) = approx. o cm3,

operatxq;ﬁconditxonl : maximum heat rating = 200 W/g fuel,

maximum cladding midwall temperature = 630 C.

a/

burn—up / reactor run = approx. 1 'o.

irradiation conditions common to both DFR and RAFSCDIE other than the above

specifications :

- total neutroa fiux in center plane of reactor:1.8 IOlsn cm-z -—l
L]

~ scheduled irradiation time per reactor run : 33 - 55 days

¢RrEL> RELATIVE
4 NEUTRON FLUX

I
le-Rapsodie
L !

]

T Zégp (EN) A

P e i 1 1 L

1keV 10keV 100keV 1MeV 10MeV 100MeV
Ey, NEUTRON ENERGY

NEUTRON SPECTRUM

Fig.10 Neutron spectra in the DFR and
RAPSODIE reactors 28
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FiR 4 —BERECECBRBOARART. REKOEREZR >TWH 5,
13at.% MEFOELHICH>OT, BARAEET. U8 ICUTORBICBTSFPA

2EEOK: SONGERAELLSEREEMN 1 3ERT, GRAKTHR, [KEOKE 3K
200A BIETHB. BEPLERTER 1 4m TH OBEER, 10%~10%cm® & LKiHE

Kt Tl de Te LIOBETHR, KRARRBIKKa (L, COH, BB/PLET

L. 5%/ at . %UBEBCLRAKEBRNEBRZIY v 7%RT, B A0 He ¥ F

BT, BUNMEBIR T L I SREEN ALYy iRk a(HEL. KeuRRoRE
KL BRFMATY v 7 EAFKIERT S L0A 20

325 RAGEBEDORTFOBEY

BEREET, DITABTRERS neRlE. [ASHR LK UER LE6DTH S,
rPEER BREEOBOTECE ~THESTE, RILUFABPOCHELIUNG EOHE
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TABLE 18 _
Typical LMFBR Characteristics33)

Plutonium Simple

) Years of Doubling Time Breeding
Reactor Design Fuel Avallability Years Ratio
Early Oxide Pu-fueled 1987-1990 28.0 1.15
oxide
Advanced Oxide Pu-fueled 1991- . 12,5 1,25
oxide .
Advanced Carbide  Pu-fueled 1995~ 7.6 1.34
{small diameter carbide
pind
Advanced Carbide Pu-fueled 1995~ 7.4 1.46
(large diasmeter carbide :
pin)
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TABLE 19

Comparison of Key Subassembly Design and Performance Data for the FTR,
Carblde—Fueled Proof Test FTIR Drivers and the Commercial Prototype
Design

FTR Oxide FBR/CP FTR Carbide Driver Test
Core position center outer zone Tow 3 center center
Pins per subassembly 217 91 91 127 127
Pin outside diameter, in. 0.230 0.370 0.370 0.315 0.315
Bond materijal gas sedium sodium sodium helium
* Fuel-smeared density, % 85.5 83.2 82.5 81.7 78.0
Ratio of fuel pin pitch to diameter 1.24 1.19 1.19 1.1% 1.19
Peak pin power with hot-channel 14.1 : 30 31.8 24.0 24.0
factors, kW/[t
Subassembly flow rate x 10° 1b/h 0.206 0.205 0.206 0.206 0.206
Pin-bundle pressure drop, psi 45.5 46.8 39.9 49.0 49.0
Cladding thickness, in. 0.015 0.015 0.015 ¢.015 0.012
Sodium velocity, ft/sec 23.5 26.0 25.% 26.2 26.2
Peak subassembly mean-temperature 382 322 352 382 382
rise, *F .
Maximum {nner claed temperature 1200 1309 1249 1247 1270
BOL (with hot-channel factors). . :
Estimated peak cladding-temperature -100 ~43 -64 ~70 =G0
change over life, *F -
Estimated power change over in-core ~16.5 -8.4 -10.0 -8.6 -9.0
life, % (excludes axial blanket)
Fissile enrichment, wt% 20.2* 11.3 12.8° 13.4* 14.8*
[rradiation time, full-power days 300 533 500 400 400
Peak discharge burnup, MWd/ kgyy, 79.2 72.5 78,7 73.2 79.7
Peak damage fluence, 1.23 1.55 1.79 1.61 l.62
n/em? x 108, E > 0,1 MeV
Fluence~ to-burnup ratio, 1.55 2.14 2.27 2.20 2.03
n/em? per MW::I/kg”M x 102
*Fissile enrichment includes 2%y,
TABLE 20

Carbide Fuel Design Parameters %)

Fuel | Hyperstoichiometric mixed carbide (U,Pu}C + 10% (U,Pu)aCs
Fabrication process ’ Pressed and sintered peliets with 0.1% Ni sintering aid
Fuel-pellet manufacturing density, % of theoretical | $8
Theoretical density (Uo.sPuo 32}C 13.52 g/cm’
Fuel-pellet sleeve thickness ' 3 mil
Fuel-pellet sleeve material - | Stainless stecl with 44% void [raction
Fuel-clad bond Sodium
Design fuel-swelling rate 2.7% AV/V per 10 MWd/kg
Design peak burnup 80 MWd/kg
Fission-gas release—design basis 41%
Heat capacity, (Uo.sPuo.a)C at 1000°F ] 0.058 Btu/(lb °F)
Thermal conductivity. {Uo.a Puo.2}C at 100% density | 9.32 Btu/(h ft °F)
at 1000°F
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Fig.26 Comparison of oxide and carbide transients in
outlet plenum region after normal scram in the CRBR*1)

TABLE 21
Summary of CRBR Parameters with Oxide and Carbide Radial Blankets'?2)
. Oxide Radial Carbide Radial
Parameter Blanket Blanket

Reactor Breeding Ratio 1.092/1.150 1.131/1.195
(BOEC/EOQEC) '
Fissile Mass Change Over the
Equilibrium Cycle (kg)

Total Reactor 29.1 40.6

Radial Blanket 86.7 98.1
Reactor kegf (BOEC/EOEC) 1.0829/1.0257| 1.0793/1.0228
Total Blanket Fuei, (U,Pu}0; or 18293 22888
(U,Pu)C (kg)
Radial Blanket Power Fraction 0.066/0.094 0.071/0.101
(BOEC/EOEC} -
Peak Subassembly Power, Row 10, 478/1166 561/1303
BOL/EOL {kW)
Peak Linear Pin Power, Row 10, 4,9/14.7 6.1/17.2
BOL/EOL (kW/ft) .
Peak Subassembly Mixed Mean 975 1004
Outlet Temperature, Row 10,(°F)3
Maximum 2¢ Midwall Cladding 1229 1300
Temperature, (°F)2@

dyging the reference radial blanket orificé scheme.
BOEC: Beginning-of-equilibrium cycle
EOEC: End-of-equilibrium cycle
BOL : Beginning-of-life
EOL : End-of-life
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TABLE 22

Summary of Principal Reactor Parameters for

1000-MW(e) Commercial Prototype Design (FBR/CP) 8)

Initial Core

Carhide Core

Fuel in driver-region subassemblies
Fuel in radial-blanket subassemblies

Number of driver-region subassemblies (includes 35 control subassemblies)

Number of radial-blanket subassemblies
Lattice pitch, in.

'Number of fuel pins per driver-region subassembly

Peak linear pin power, kW/ft

Driver-region subassembly—fuel-rod clad o.d., in.
Number of fuel pins per radial-blanket subassembly
Radial-blanket subassembly~—fuel-rod clad o.d., in.
Driver-reglon fuel-rod spacing

Cladding material/thickness, mil

Bond

Core pressure drop, psi

Maximum coolant velocity, ft/sec

Length of driver region, It

Inner-driver fissile enrichment, wi%

Outer-driver fissile enrichment, wt%

Smesared fuel density driver region, g/cm®

Average discharge burnup of driver-region subassembly, MWd/kgy
Peak discharge burnup, MWd/kg .

Breeding ratio, instantaneous midequilibrium cycle
Peak total flux, n/ (cm=l sec)

Peak damage fluence driver region, E > 0.1 MeV, n/cm’
Reactor nozzle to nozzle coolant temperature rise, *F
Near-term equilibrium fuel costs, mil/kWh
Compound inventory doubling time, yr

(U,PU)OLN
ucC
547
270
4.76
169
15
0.27
61
0.52
wire wrap
CW 31688/15
gas
75
23
3.0
11.8
14.6
9.3
63
90
1.32
6.9 x 10
1.8 x 10
300
1.65
17.1

(U,Pu}Ci .05
uc
508
246
4,76
91
30
0.37
61
0.52
wire wrap
CW 31658/15
sodium
75
26
3.0
5.4
11.3
11.3
48
72.5
1.48
6.8 x 10"
1.8 x 10°
300
1.3
10.9

TABLE 23

Oxide and Carbide Radial
Blanket Comparison“3

BLANKET FUEL TYPE Oxide | Carbide
Reactor breeding ratio 1.214 1.249
Reactor doubling time (years) 21.9 18.8
Blanket heavy-metal smear density (g/cm”) 8.10 12.30
Radial blanket heavy metal (kg) 16,344 | 21,467
Cylindrical surface teakage (%) 1.02 0.40
Radial power peaking factors (peak/average)

Outerdriver outer row 1.14 1.15

Blanket inner row 1.53 1.61
Average damage [Mux
[n/{em® sec x 18*%), E > 0.1 MeV]

Cuter driver outer row L.BO 1.14

Blanket inner row 0.52 0.50
Radial blanket power fraction 0.058 0.004
Blanket peak burnup (at. ') 1.5 1.4
‘'Hol™ subassembly power at end-ofl-residence (kW) | 834 952
““Hot’' subassembly peak pin linear power (kW,[t) 8.0 9.5
Peak fuel temperatures (°F}) 2725 1400
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TABLE 24

Summary of DFR Irradiation Statistics”)

Nurzber of pirs in given burn-up range
Pin type
o o= T8 B = 10T B Toral
Cxide, PFR diameter 200 240 112 57 42 kS 154 514
Oxide, larger diameter 146 1 45 1 143
Carbide : 61 25 o 27 16 - 4 140
Taoral 472 Zud 143 11y BN i 107 111

PFREZFALT. CFRAEORAUMKMESKOMBSHEINLTEY,. MHBREHKLL
DREBENE OB ESHERAK YV TEMETETETH S, PFRICI, RHEORPT,
BE L ARE LRB T 28 8%EASEK ( Demountable Sub -Assemblies : DMSA)
MEALBINTEY, BEBIUHBOBAEKERS NS, §«ODDMSAOAETER.
FEEOPFRBEEASKEE—THD, BECRBLIAESLSEELAD 7 7 A4 poBHEINTY
B, D7 FREAE, EHEBADBKE Y E2RATVS, (BEOBRBMESKI, 32580
MEC OSBRI NTVEH, DMSATR I IADBEE Y THEI TV ) BEOM
BEAKTR, BAFLEZMEBTAHK, NaPT3 0MHARN LRI T ST, DM
SATREHBOBH THAEERBENL L VIFREDH L,
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