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FBELIMINABY. COMPUTATIONS ON TEE "TEITEL" DESIGN BREEDER KEA.CTOB 

By J. Fleck 

1. Introduction» 

The following are preliminary calculations based upon a bare, homo- 

geneous, poison-free pile of the Teitel design. Ho assumptions have been 

made as to engineering feasibility - in fact, no such specifications were 

known at the time of calculation - so that the restilts are in the main ex- 

ploratory. A more practical set of computations is forthcoming and awaits 

only the engineers1 decisions on certain details. 

2. Basis of Calculation. 

The pile utilizes a graphite core containing U2^ suspended in an in- 

tarmetallic compound of lead and tin. This combination is assumed to con- 

tain uranium, lead and tin, in atom per cents of 3*15*  83.25, and 13, re- 

spectively. Through the core and heat exchanger is circulated a coolant 

solution of Th^ and liquid Bi, in U and 96 atom per cents respectively, 

part of which is diverted into a blanket area, where the thorium is utilized 

for breeding. Of course breeding will take place in the reactor core as well. 

We designate by numbers from 1 to 6 the elements involved, which we 

list below along with their pertinent properties. 
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,233 

2.    Th 

3.    Bi 

°1 - 2.37 

ca » 564.6 barns 

a3 = 8.2 barns 

P = 18o7 

A = 233 

°a " 7-° 
Og   -   13.0 

f  -   11.5 

A   »   232 

aa = .032 bams 

o3 ' 9 

<liq " 10-°° 
A =  209 

A. C (nrsnhite) 

°E ■» .OO44, bams 

°s = 4..S barns 

O-v- - A-AA 

r = 1.60 

A = 12 

T = 36A cm 

L = 5A.A cm 

L2 
= 2959.36 cm2 

5» Sk 

°a - .17 barns 

°s = 11 barns 

'liq = 10.6 

A ■= 207 

6. Sn 

°a - •65 barns 

as a 4. barns 

'Uq = 6.99 

A   « 119 

The breeding gain of the reactor i3 given by 

r        6 
ov,„,   + U^-l (1)   s - va c^2i l^.l)  . £ Yjl oajlJ p 

wnere 

(2) ß = rr 
1. 

Y32 °a32 
+ Y^2 ^42 

(See Fig. l). Here the subscripted quantities represent ratios: 
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y!2 refers to the graphite-thorium atom ratio in the blanket. Obviously 

the bismuth-thorium atom ratio is the same for blanket and core. We have 

assumed that no fissionable material is present in the blanket, i.e., that 

processing is instantaneous. The critical mass of uranium in the reactor 

core can be obtained from the following formulae, which need no explanation. 

(3) k- - -n- 
1 + ,1 YJ1 ".Jl 

(1 * 3L 
YU Oi *U>    Graphite 

(1 + if A YU °W 

U + ifu YU Oi   AU)2   ^graphite 

f + 1A YU °*u} f ^U «tu} 

k -a 
1 - L A 

°      (-A)3/2 

* ^ 
1 * JA YJJ. ^ V 

Here A^j  " ^T » (\\ " "T  (density ratio), o^  is a transport cross section 

ratio, and V0 is the critical volume for a minimum right cylinder. 

3« Graphite Concentration in the Blanket,, 

For maximum efficiency the breeder blanket must be effectively infinite. 

Consider an infinite slab blanket. Then the two group neutron diffusion 

equations in the blanket may be written: 

-> 



Ua) ^f ' Kffyff - ° 

v3*th " ^th^th + v^f - o > 

since the blanket contains no fast neutron sources.    Here 

K'2 - 2fAth 

(5) Kf
2 - 2^/Df * 1/x 

*th2 - ^thAth - !A2 > 
o 

t being the age to thermal energy and L the thermal diffusion length.    The 

solution for the thermal flux has the form: 

(6) fth - A.-3^ ♦ Be-V^ , 

where the constants A and B can be determined from equations (4a) and the 

flux at the boundary (x = 0). Evidently the blanket will be effectively 

infinite* providing that 

t>n*max(>Pt, L) , 

where t is the blanket thickness and n is an arbitrary number but at least 

equal to three. Fig. 2 shows a plot of <Fs and L versus YJV *he graphite 

to bismuth ratio in the blanket, showing that for all case3 of practical in- 

terest, namely Y! -a —1°» *&*   is ^& determining factor. Also since the curves 

for L and fx  cross at about this point, larger graphite concentrations than 

this would only require thicker blankets. 

4.. Results. 

The computations were made by first assuming a value of g and then deter- 

mining the pile specifications for a variety of values of y!o, henoe t. The 

»That is, essentially all neutrons will have been theraalized and absorbed with- 
in the blanket width* 
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only optimization attempted is the variation of Y/3 the internal graphite- 

bismuth ratio, for minimum critical mass of U2^. Naturally, thinner blanket- 

ed (high Y1J piles are to be associated with lower breeding gains} thicker 

blanketed piles, having less parasitic capture in carbon, with higher gains. 

It can be shown that for 

p - g/l.36 - p0 

all breeding would be done externally, hence no coolant could be circulated 

in the core. Thus, it iß meaningful to speak of a given g only if jj < jip. 

The maximum possible power removable is computed on a basis of a flow rate 

of 10 ft/3ec and a temperature rise of 3Q0°C. A temperature correction factor 

of JT/T0 - JThas been applied in computing L
z. 
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Table 1° 

» 1.1, a « .790, Y!Q " 10»  t ~ 66 an 
43 

n'3( Y43 Ya Y31 YU gjnt ggt V«)        M™) Hc(kg)        ^xlO J(kg) Pov9r (MJ) 

7.75 88.6 — — 1.1 0 oo                oc               « 

7.5 77.8 1945 48I       .971 .129 326 602 305 536 10217 

7.0 63.1 1576 1088       .786 .313 200 370              91.7 130.4 4045 

6.0 45-7 .1143 1878       .569 »531 144 265              52.2                 53.7 2324 

5.5 40.2 IO05 2949       «500 .600 135 248              51.3                 46.4 21U 

5.0 35.9 896 4482       .446 .654 127 235              51.6                 4I.6 2037 

4.0 29.5 737 5526       .367 .733 122 225              62.9                 41*7 2129 

3.0 25.0 626 6857        .311 .789 122 225               86„3                  48.6 2431 

2.0 21.8 544 11036       .271 .829 132 244 152                    74.3 3496 

1.0 19.2 48I 14593        .239 .861 16; 302 407 175.9 6680 
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.15 0 oO oO aO 
— — 

.08 .07 475.8 879 1287 2519 32,901 

.994 .156 3Ho6 581 437 784 15,497 

.919 .231 261.1 482 291 484 11,518 

.854 .296 236.5 432 250 394 10,348 

.798 .352 227.4 420 267 386 10,537 

.706 •444 248.1 458 492 628 15,725 

Table 2. 

g - 1.15, S - .790, y^ - 10, t ~ 66 cm 

Y^3 Y2i Y31 Y^  gint  6axt  M^)   ^(cm)   Mc(^g)   MBiXlO"
3(kg)  Power (MW) 

4.31 92.7  ■ 

4.0 87.3 2183 8730   1.08 

3.5 80.17 2004 7015 

3.0 74.11 1852 5558 

2.5 68.91 1723 4307 

2.0 64.39 1610 3220 

1.0     56.92 1423    1423 

Table 3. 

g - 1.15, ß - .8168, Y43 " 7, t ~ 72 em 

Y^3 Y2I Y31 Y41 glxit       gffict       M0*)        H0(em)        Mc(kg)        MBjxUT^kg)      Power (MW) 

4.31 92.7  1.15 

4.0 82.2 2054 8215 1.02 

3.5 70.4 1759 6159 .874 

3.0 61.6 1539 46I8 .764 

2.5 54.7 1368 3420 .679 

2.0 49.2 1231 2462 .611 

1.0 4L.0 1026 1026 .509 

0 OO 00 00 — — 

.13 344 636 516 951 7167 

.276 233 430 201 317 8469 

.386 199 368 156 216 6725 

.471 18^ 340 151 186 6265 

•539 179 332 171 189 6540 

.641 204 377 377 346 10557 



table A. 

J&L JOEL -121. J&L 
A.31 92.7 — 

4.0 61.0 1526 6102 

3.0 3O.4 760 2101 

2.5 24.3 608 1520 

2.0 20.3 506 1013 

1.0 15.2 380 3796 

g - 1.15, ß - .8383, Y|3 - 5. t« ̂78 cm 

Bint ßaxt Ro(cm) H0(cm) Mc(kg) MpiX10"3(kg) Power (MW) 

1.15 0 oO oO oO — — 

.75? .393 182 336 102 U0 4789 

.377 •773 128 237 86.7 59.1 2869 

.302 .848 123 229 102 55.8 2802 

.251 .899 127 235 U5 66.0 3229 

.188 .962 157 289 IA1 152 6O48 

'l'Bbj.9   5. 

g » 1. .20, £ = .79, ^3 - 10, u 66 

Xtf Y21 Y31 33L Sint Eext Ro(cm) Ho(csa) Me(kg) 

1.17 96.7   — 1.2 0 OO aO oO 

1.1 95-7 2392 2631 1.19 .01 1550 2B64. 69,810 

•75 91.9 2296 1723 l.U .06 812 1501 11,460 

.5 89.4 2235 1117 1.10 .09 771 H25 10,820 

«25 87.0 2175 544 1.08 .12 908 1678 19,590 

KB1xl0"3(kg)    Power (MW) 

149,790 6.0x105 

23,620 1.8X105 

a, 690 1.75xL05 

38,220 2.6xlo5 



Table 6. 

g = 1.2, ß - .8168, Y43 ■ 7,  t»72 en 

JjJ       Y21     Y31       Y41       gi«t       Sext       *°(oa)       M»)       Mote)       MBixlO_3(kg)    Power (MW) 

lol7 96.7  1.2 

1.1 94-9 2375     2612 I0I8 

o75 89.7 2242     1681 1.11 

•50 86.2 2155     1078 1.07 

.25 83.O 2076       519 1.03 

0 aO aO oO — 

.02 1023 1890 20,203 43,0^0 2.61xl05 

.09 680 1257 6894 13,863 1.27XL05 

.13 653 1206 6791 13,130 1.25xl05 

.17 775 

Table 7. 

1432 12,736 23,700 1.9Oxl05 

g - 1.2, 8 - .8495, Y43 " 4, t «81 csa 

Y43 Y21 

96.7 

J3L Y4i 
1.2 

Sext 

0 

Bo(cnO 

00 

H0(ca) 

00 

Mo(kE) 

00 

%iX10'3(kj »)    Power (;■ 

1.17 — 

1.0 90.1 2253 2253 1.12 .08 624 1153 4963 10,029 99,300 

.75 33.2 2079 1560 1.03 .17 480 887 2610 4868 63,018 

.60 79.5 1987 1192 .99 .21 463 856 2561 4565 61,210 

.50 77.2 1930 965 .96 • 24 470 868 2834 4907 64,230 

.25 72.0 1802 450 .89 .31 573 IO58 5916 9560 103,690 



yabla 8. 

g - 1.2, ß - S79, rfe ' 1«5» t « 108 cm 

Y^3       Ya       Y31       Y41       SjQt     J«t_   Jo|W[_ M0") Hc(lc^       ^xLO"3^)    R>ww (ift) 

1.17          96.7                              1.2            0                     00 aa                    00 

1.1        71.0     1777     1954       «88         .32        306 566 724 1155 23,400 

1.0         56.6     I4I4     1414       .70         «50         248 458 492 625 15,650 

.75       37.4      936      702       .46         .74        218 403 539 453 12,890 

.60       31.1       779       467       .39         ,81         225 416 711 497 13,700 

.50       28.0       700       350       .35         .85         237 439 988 620 16,200 

.25       22.3       559       140       .27         .93        308 570 2901 1454 29,300 

BPO   022905   -   2 
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