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Table 2. Fuel Comparison: Light-Water Reactors
and Future Fast Breeders '

IWR Fuel,? -
Typical Fast *  U0,~Pul, IWR Fuel,®
Reactor Fuel (with Pu Recycle) uo,,
Burnup, Mwd/ton
Core 80,000 33,900 - 20,300
Core and blanket, 33,000
average '
Specific power, kw/kg 148.8 33.76 33,61
fuel in core (at 85%
load factor)
Decay heat, w/kg fuel
30-day decay: : ) ' .
Core 199 50.7 : 46 .6
Core and blanket 82
150-day decay: ' : 7 ' _
Core 76.4 21.5 | - 16.9
Core and blanket 28 '
Plutonium content, g/kg
- Fuel
- Core 243 26.9 7.5
Cire and blanket; 104
72% Pu is fissile
Iodine, curies/ton after - o
cooling period 30-Day ;§O-Dav' 150-Day 150~-Day
Core | 37x10° 11,92 2.8 2.57
Core and blamket  15x10°  4.92 B
Process containment '
factor for 1l-ton/day
capacity ~108  ~10° ~10% ~10°

®Reactor No. 21. (LMFBR: AI reference oxide). BSee Fuel Recyéle Task

Force Report, WASH-1099 (in preparation).

Reactor No. 16 (IWR: Pu recycle with tails). See Fuel Recycle_Téék

Force Report, WASH-1099 (in preparation).

®Reactor No. L (IWR: UOZ)' See Fuel recyle Task Force Report; WASH-

1099 (in preparation).
—_—1 1=



Table 3. Comparison of Properties of FFTF and Conceptual ILMFBR's

AT Follow-On Plants®
FFTF Ref. AT B&W CE GE W
Oxide
Fuel form Oxide Oxide Oxide  Oxide Carbide Oxide Carbide
Nuclear data (at full power) ' '
Power, Mw(thermal) 400 2500 2400 2450 2465 2417 2600
Core |
Avg. sp. pwr., Mw/metric ton
(U+Pu) 158 175 115 103 122 157 161
Burnup, Mwd/metric ton 45,000 80,000 67,400 100,000 100,000 100,000 100,000
Charge, metric ton (U+Pu) 2.5 12.6 19.1 23.9 17.32 13.45 13.7
Charge, metric ton (Fissile ' _
Pu) 0.51 1.96 2.3% 2.77 1.92 - 1.62 1.98
Chage, Pu/(U+Pu) 0.23 0.22 0.171 0.16 0.16 0.17 0.18
Rod avg. linear pwr., kw/ft 7.8 10.0 10.1 8.3 29.5 9.63 18.5
Rod max. linear pwr., kw/ft 13.1  16. 16,0 14.4 43,5 16.3 39.2
Max. clad. temp., °F 1230 1220 1174 1170 1300 1300
Max, fuel temp., °F 4200 4748 4000 2310 2630
Axial blanket '
Avg. sp. pwr., Mw/metric .
ton (U) 5.5 5.71 2.83 10.2 12.2
Burnup, Mwd/metric ton (U) 2500 3340 2000. 7800 7200
Charge, metric ton (U) 13.1 19.1 25.97 15.0

T.32
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Table 3. (Cont'd.)

—g -

AT Follow-On Plants®
FFTEF  Ref. AL B&W 'CE - GE W
Oxide
Radial blanket
Avg. pwr., Mw/metric
ton ( Ug 10. 7.89 8.38 24.2 6.95 3.0
Burnup, Mwd/metric ton (U) - 8100 12,700 9000. 57,000 7000
Charge, metric ton (U) 26.7 15.6 10.1 5.69 16.7 33,
Core-axial blanket fuel
assembly Hex.  Hex. Hex. Hex. Circular Hex. sSquare
Number per reactor 76 252 274 288 219 265 . 244
Shroud material S8 e - 33 S5 88 SH S8
Thickness, in 0.140 0.168 0.140 0.128 0.050 0.060 0.020
Length
Core, in. 36 48 42.8 34,7 24 30 39.3 .
Axial blanket (eac:h end), in. 12 12,15 14 18 15 15
Plenum, in, %6 60 38 18 20 25
Rod, in. 87 144 110 66 79.8 82.3 100
Overall, in: 168 212 180 110 144 119 122.5
Width or diameter, in. 4.615 5.4 5.62  6.45 6.53 5.62. 5.25
Fuel rod data ‘ '
Number per assembly 217 217 217 331 163 331 168
Outside diameter, in. 0.230 0.25 0.300 .0.280 0.400 0.25 0.302
Pitch, in. - 0.286 0.341  0.359 0.337 0.451 0.30 0.375
Clad thickness, in. 0.015 0.015 0.0175 0.010 0.011 0.010 0.012
Clad material 316 S8 304 S5 316 85 304 83 316 38 316 88 316 S8
Fuel density, % theoretical 88 88, g5 88, 93 &5 99 85 90
Bond He He He He 0.014PNa He 0.0%P Ng
Vented? No No No Tes Yes Yes Yes
Type of spacer Wire Wire Wire Rlbbon Wire Wire 6 grids
Spacer material 35 i DD 59 53 S5 Inconel
Radial blanket assembly Hex. Hex. Hex.- Hex. Hex. Square
Number per reactor 147, 87 66, 72 138 60 126 2773
Length ' , '
Fuel, in. = 60, 48 56, 43 42.7 36 60 69.3
Rod, in. ' 84, 72 66, 53 66 51.8 82 100

Overall, in. 212 180 110 144 119 122.5.

10-2/~2y 8 N



Table 3. (Cont'd.)
- AT Follow-On Plants®
FFTPR Ref. AT B&W CE" GE W
Oxide
Width or diameter, in. 5.4 5.62 6.45 6.5 5.62 5.25
Fuel rod data
Number per assembly 169, 91 91, 61 91 91 127 60
Outside diameter, in 035, 051 0. 0, 062 0.610  0.600 0.42  0.55
Pitch,® in. 036, 0.4 0.55 0.68 0.640 0.652 Q.47  0.604
Clad thickness, in. 0.015 0.0175 0.017 0.020 0.015 0,012
Clad material 304 85 316 85 204 S8 316 38 %16 S5 316 38
Fuel density, % theoretical 93 93 90 99. g5 Oxide, 95
Bond - He He He 0.02° Na He He '
Vented? No o Yes No - Fo No
Type of spacer Wire Wire Ribbon Wire Wire
Spacer material S5 59 S8 S 8s

a

AT = Atomics International; B&W = Babcock nad Wilcox; CE = Combustion Engineering; GE =

General Electric; W = Westinghouse

b
Inches.

c

The Westinghouse rods have a square pictch; all others have a triangular pitch.

l0—2/—ZveN
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Total Activity (8 Ci/kg.U)
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Monju Core
100, 000MWD/T

Monju C+Ax.B,
(60,000MWD/T,av.)

Joyo Core
50, 000MWD/T

[Pu_i’?ﬁ Memo No.
D-71-0091
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28,000MWD/T

Monju Ax.B.
7,800MWD/T

Monjwu Rad.B.
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50 160 180 200 570

Fig. 1. Cooling Time ve Total Activity  Cooting Time (a)

—1 5—



£4 BBORBEEE

1 5 50 Mwth
=7 u.z.n 1%31@
I E PuQ,;-U0, - U0, U0,
£ O OB 763 Kg 1,01 5Ke 6.7 3 4 Kg
R B EHAE R
=235 1&9% 0.7 % 0.7 %
C7—238 632 993 993
Pu—239 12.7
Pu—240 | 4.4
Pu—-242 0.9
0.1
P2 S B LR AR
T—235 159 % 0.6 6% 0.68%
U—236 0.6, L
U—238 618 2846 987
Pu—239 11.8 0.66 037 -
Pu—240 4.4
Pu—241 0.9
Pu—242 0.1
FP 4.5 0.1 0.66
RigEE (MWD T ) 50,000 1,300 600

W ERBANL—7137(1966) 28ER L,

(4 A L @ 7 5 0Mwth} LWR
. Hom EEFM
= 7 %ay¢y+ 5w E b
PUOg_Uog UOz 7 U02 T]03
564 1t 4.39 t 123+ ~60t
~ 4
%
78% 100%? 9 6~
15(fissile)
7(Noaf)
* *k
~70% 9 7% .
~13(fissile) 2(fissile) ~11%
~ 7(Nonf) 0.2 (Nor}f)
~10 0.8
100,000 7000 28000

L0—Z.—2 78N



5 HEBEFIUIALGOMBHARECCRESE (2En)
H & 5 bMWt 3 AL w 7350MWt
1 BREEBE Mwd /T | 50000 1300 600 100,000 7,800 19.00
2. #HiA MW (t)| 656 3.0 9.3 132 10 25
3 FREER %‘m o] 763K | 1015 6734 gﬁ,b %‘6‘3 2 17%&3 564x10% | 439x10® 1.; 3x 104 5.16 ;1 %1 n:. ggk/PU-l-U
1960 96tk 17 21
4. FEEUER ( " Yi743Kp) [(S508Kg) | (337 0Kg) 226x10%Kgl 1.76x10%Eg| 2.5 1x10%Eg
5 i 5%94— 201y 103%¢ 0 0 %ﬁﬁigg/l; pu Y| aoog 0 °
é g%%ag % " 9 6.5 3.6 133 | Ufissile 121Kg/y 24 4Kg 96 140
7 AR % 20,0 0 0 gg-?%m}i?fuog 151 204 0 0 |pu fissile
8 WEHEHE nn 430 630 | "Voh O 65 &5 65 | "zt oD,
% WEEEH " 0.35 0.35 0.6 045 0.45 045 0.5
10, REEmES " 600 400 900 350
11. v afE # 400 1130
12, pifEC AR " 1900 1900 2800 2.800
13 %%%V ’E" g4d | 1039 | 1030 1030 967 1030 1030
T4 B 1ot ([c}}'.fs: ) (3233 Y (g:gg ) cfz%?% 123

10~z .—ZvgN



N842—-72—-0t

—1 8§

Table 6. Fission Product Activity of Spent INFBR Core Fuel as a
Function of Decay Time
Burnup = 80,000 Mwd/metric ton :
Specific power = 148.15 Mw/metric ton :
Nuclide activities are given in curies per metric ton
(G+Pu) charged to core
on Discharge- | After Cooling Times of:
from Reactor 30 days 90 days 150 days 3 years 30 years
o 2,340 2,330 2,310 2,290 1,980 432
gy 24,900 24,800 24,500 24,300 20,600 3,610
861, 8,150 2,670 288 31
895y 2,240,000 1,500,000 674,000 303,000 1,01
Osr+?% 209,000 206,000 204,000 204,000 191,000 98,200
91y 3,080,000 2,170,000 1,170,000 527,000 7.56
DBy 7,050,000 5,120,000 2,700,000 1,420,000 59.2
951y, 141,000 109,000 57,300 30,200 1.26
Dy 6,970,000 6,510,000 4,460,000 2,660,000 126
IMo+79Mpe  1%,950,000 8,510 0.00289
103413 ME 14,480,000 8,570,000 3,000,000 1,049,000 0.0675
106p,+1%0py 6,820,000 6,460,000 5,760,000 5,140,000 862,000 0.00698
110m, ., 4,650 4,280 3,630 3,080 231
1104, 323,000 557 472 401 300
LA, 505,000 31,600 123 0.482
L5mag 541 340 537 354 294 77.3
115may 954 558 224 85.0
119mg 49.9 46.0 38.9 32.9 2.39
121mg, 142 142 142 142 138 108
ledmgy, 2,070 1,750 1,250 900 4.74
1255, 153,000 16,700 200 2,40
125y, 50,500 50,700 48,800 46,700 24,000 23.4
125mp 17,100 17,900 18,700 18,600 9,960 9.7
126y, 10,200 1,940 73.8 6.85 4.36  4.36
1275, 846,000 4,040 0.0888 |
12Tp, 12T, 1 023,000 315,000  21%,000 145,600 354
129mp 818,000 446,000 131,000 38,600
12974 1,960,000 286,000 84,100 24,800
1291 0.129 0.131 0.132 0.133  0.133 0.133
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Table 6. {continued)

On Discharge After Cooling Times of:

from Reactar 30 days 90 days 150 days 3 years 30 years
151; 4,320,000 3%6;000 1,920 10,9
151layg, 45,100 15,100 581 17.9
132p5,1321 12,140,000 20,500  0.0583
135%e 7,920,000 181,000 67.5 0.0252 |
134qs - 78,600 76,500 72,400 68,400 28,500 3.16
136¢g 365,000 73,800 3,010 123 R
13706413 0p, 515,000 514,000 512,000 510,000 480,000 257,000
140g,, 1401, 12,960,000 2,690,000 104,500 4,060
141ag 6,760,000 3,580,000 991,000 275,000
145py 6,380,000 1,850000 89,000 4,270
Y445, 184p 6 820,000 6,180,000 5,340,000 4,620,000 458,000
14Tyq 2,830,000 434,000 10,300 242
14Tpy 812,000 822,000 792,000 758,000 382,000 302
lagmp, 177,000 108,000 40,000 14,900
151qn 10,900 10,900 10,900 10,800 10,600 8,620
154py 2,530 2,520 2,500 2,490 2,220 690
1558y 209,000 202,000 190,000 178,000 66,200 2.14
1565, 304,000 77,600 4,850 307
160y, 34,100 25,600 14,400 8,070 0.906
161y, 47,400 2,330  5.61 0.0135
16244,16200y 54 200 22,800 20,400 18,140 3,020
Total curies
Jmetric ton  621,000000 48,800,000 26,800,000 18200000 2,540,000 370,000
Beta power, |
w/metric ton 4,140,000 100,000 62,100 48,700 6,980 585
Gamma. power,
w/metric ton 2,210,000 95,600 43,900 25,700 1,840 494
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Table 7.

Isotopic Composition of Actinides in Spent LMFBR Core Fuel as a Function
of Decay Time

Burnup = 80,000 Mwd/metric ton

Specific power = 148.15 Mw/metric ton

Nuclise concentrations are given in grams per metric ton (U+Pu)
charged to core

As Charged On Discharge

After Cooling Times of:

, 000,000

to Reacter from Reactor 30 days 90 days 150 days % years 30 years

g 0 1,66 1.82 2,10 2.33 ~4.10 0.5
233y 0 0.00122 0.00122 0.00122  0.00122 0.00122  0.00122
234y 0 21.8 22.9 25,2 27.6 64.2 407
235y o 6.18 6.44 6.98 7.51 15.9 104

| 236y 0 8.72 9.15 10.0 10.9 24.6 167
238y 782,000 719,000 719,000 710,000 719,000 719,000 719,000
Slgp 0 176 179 180 180 190 555
23%py, o 0.00178 0.00175 0.00168  0.00162 0.00086  0.0000012
238py 2,590 1,820 1,830 1,840 1,840 1,840 1,490
2390 130,000 116,000 117,000 117,006 117,000 117,000 116,000
240p, 51,800 52,400 52, 400 52,400 52,400 52,400 52,300
2dlp, 26,000 14,500 14,500 14,400 14,200 12,400 2,940
242py 8,760 9,020 9,020 9,020 9,020 9,020 9,020
24y o 1,270 1,330 1,460 1,590 3, 410 12,500
2b2ym o 24.6 24.6 24.6 24.6 24.73 21.5
ym 0 710 711 711 711 710 709
2420y o . 61.6 54.6 42.73 32.0 0.645 0.0517
23em 0 2.32 2.32 2.351 2.30 2,17 1.21
2440y o 42.3 42.2 41.9 41.7 37.7 13,4

Total 1 915,000 915,000 915,000 915,000 915,000

915,000
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Table 8.

Decay time

Burnup = 80,000 Mwd/metric ton
Specific power = 148.15 Mw/metric ton

Nuclide activities are given in curies per me

to core

Radioactivity of Actinides in Spent IMFBR Core Fuel as a Function of

tric ton (U+Pu) charged

Charged to Diacharged

After Cooling Times of:

Reactor from Reactor'SO days 90 days 150 days 3 years 30 years

223m. 0 0.00519 0.0060 0.00816  0.0107 0.0744 0.202
daughters :
232y 0 0.00595 0.00668  0.00812  0.00949 0.0249  0.0337
234y . o 0.135 0.142 0.156 0.171 0.397 2.52.
23Ty 0 302,000 13,900  29.2 0.0617
238y 0.260 0.239 0.239  0.239 0.239 0.239  0.23%9
23TNp 0 0.124 0.127 0.127 0.127 0.134 . 0.391
239 0 81,500,000 11,900 137 137 137 136
256p0 0 10.946 0.931 0.894 0.859 0.458 0.000643
258py 43,800 30,700 30,800 31,000 31,100 31,000 25,200
2%y 7,940 7,120 7,150 7,150 7,150 7,150 7,140
240p, 11,400 11,600 11,600 11,600 11,600 11,500 11,500
241py 2,970,000 1,660,000 1,650,000 1,640,000 1,620,000 1,420,000 325,000
242py 34,2 35,2 35.2 35,2 35,2 35.2 35,2
24y 0 4,120 4,320 4,730 5,140 11.100 40,500
242myy 9 239 239 239 239 236 209
242, 0 393,000 239 239 239 236 209
243 m 0 137 157 137 137 137 136 -
2420 0 204,000 181,000 140,000 109,000 2,130. 171
2430y 0 107 107 106 106 100 55,7
244 0 3,430 3,420 - 3,400 3,380 3,060 1,090

Total 3,030,000 167,000,000 1,920,000 1,840,000 1,790,000 1,480,000 422,000

bo—zi=zv 8N



Table 9.

Cladding Activity of Spent LMFBR Core Fuel as a Function of Decay Time

Burnup = 80,000 ¥wd/metric ton

Specific power = 148.15 Mw/metric ton

Nuclide activities are given in curies per metric ton (U+Pu)
charged 1o core

on Discharge After Cooling Times of:

90 days

—&i— .

from heactor 30 days 150 days 3 years 30 years

L4g 0.0584 0.0584 0.0584 0.0504 0.0583 0.0581
32p 2,310 539 29.4 1.61
°3p 13.5 5.86 1.11 0.210
Sloy 61,700 29,200 6,550 1,470 |
24y - 150,000 140,000 122,000 107,000 12,200
55 76,000 74,300 71, 200 68,100 34,100 25.5
59pe 10,300 6,520 2,590 1,030 -
580 410,000 307,000 171,000 95,500 10.00 |
5000 1,350 1,330 1,310 1,280 908 25.9
591 2.1% 2.13 2.13 2.13% 2.1% 2,13
634 67.8 67.7 67.6 67.6 66.3 54.1

Total 1,270,000 559,000 375,000 108

274,000

47,400
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