
, . MEMORANDUM 

On the Cool i n of the Power Pla 

L . Sz i lard 
June 15 , 1942 

The purpose of this memorandum is to by mea.-Tls of 

the attached sketches certain general principles which ought to be 

applied in designing a cooling system for a chain reacting ur&~ium-

graphite power unit . These principles s h ould universally apply to such 

systems in which the cooling medium is in direct heat contact with the 

uranium . 

Cooling Media .--Liquid bismuth and helium were the first cool -

ing media to be considered . The latter as well as hydrogen was first 

suggested by Fermi . These two media appear to be the safest from the 

point of view of chemical inertness at high temperature . In the case 

of helium, direct contact between the helium and uranium metal may be 

permitted . In the case of bismuth, a direct contact between liquid 

bismuth and uranium oxide or uranium carbide may be permitted , but a 

direct contact with uranium metal will probably lead to chemical inter-

a c tion unless the surface of the metal was protected by an inert 

surface layer . 

Other gases which might be considered as cooling agents are 

hydrogen and air . Hydrogen might be suitable for large power units 

in dissipating heat of the order of magnitude of 106 ~V , but the re -

actions between hydrogen and uranium metal and hydrogen and carbon 

might limit the temperature range and offset such advantage as hydrogen 

would otherwi s e have over heliwn . Air as a cooling medium is at 
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present being considered only as an expedient in the present emerg ency . 

We could have a 30 , 000 KW unit cooled with air, probably in operation 

within much shorter time t h an a helium cooled unit of the same capacity . 

The only advantage of air over helium lies in the fact that the air 

need not be passed through a heat exchang er but can be blown out of 

the plant . The danger of poisoning by radioactive material carried 

by this air current might however prevent this mode of operation . 

This question is at present being studie d by E . P . Wigner, and action 

along this line ought to be suspended pending the outcome of his in­

vestigation . 

General Requirements .--The following mode of operation would be 

desirable : A power plant producing abou t 106 KW should be allowed to 

run for a long period of time, perhap s 6 months or longer . Then the 

chain reaction would be shut off and the cooling would be kept on 

for another period of time, perhaps one month . After this period the 

uranium may be dissolved in situ by circulating a s olvent through the 

power unit . If necessary the urruLiwn metal could be burned to uranium 

oxide in situ before it is dissolved . The solution would be pumped into 

a tank , and if possible the uranium would be precipitated tog ether with 

element 94 as peroxide . The remaining solution which would contain 

most of the fission products could be pumped away . The uranium oxide 

could be redissolved and reprecipitated several times until it is 

sufficiently inactive to permit a suitable ch emical separation of 

element 94 from the uranium . In order to prevent the fission products 

from precipitating in quantity 

may be necessary to a dd fairly 

of the fission products to the 
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precipitated as peroxide . 

It should be noted , however , that the principles illustrated 

in the attached sketches are also consistent with a different mode of 

operation, i . e . , the removal of the uranium from the power unit at 

frequent intervals for the purpose of dissolving the uranium outside 

the power plant . 

Orders of Magnitude .--lVhile it is desirable to have, ultimately, 

power units which dissipate 106 KW, power units dissipating up to 300,000 

~J are at present considered as the immediate objective . A structure 

containing 40 tons of uraniuM metal in a graphite pile of 6 m x 6 m x 6 m 

which may have a cubic, cylindrical, or spherical shape, might be 

necessary to make the power unit operative . The cubic shape of the 

pile being the least favorable , will in the following be assumed 

in order to arrive at conservative estimates . The cooling ducts in 

the p i le will be assumed to take up about 10 percent of the cross sec ­

tion of the pile , that is , about 3 . 6 m2 out of 36 m2 . 

The uranium metal may be present in the form of sticks about 

3 mm . in diameter and 5 to 8 em . long . 

It is estimated that such a structure if operated at a friction 

loss of the cooling medium in the power unit of 3 - 4000 KW is capable 

of dissipating the following quantities of power : 

1 . At 10 atmospheres of helium, 300 , 000 KW ; input 2000 C, output 
5000 c. 

2 . At 7 atmospheres of helium, 250 , 000 KVf ; input 
5000 c. 

3 . At one atmosphere of helium, 100 , 000 Kid ; 
5000 c. 

4 . At one atmosphere of air , 30 , 000 KW ; input 0 c. 
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A 30 , 000 KW helium unit could be operated at atmospheric 

pressure with a fraction loss of 3 - 400 ~N in the power unit . 

Form of Uraniun1 Plugs . ~-Figure 1 shows various forms in which 

the uraniun1 metal could be used . Some of these forms are also sui table 

fo r fused uranium oxide or fused uranium carbide . 

Fi gures A, B and C show forms which may be called clusters , where ­

as FigureD shows a short cylindrical block of uranium with a number of 

holes going axially through the cylinder . Such a uranium block could 

be cast by using beryllium oxide stick s as cores in the casting process . 

Figure lA is a cluster which has the contour of a cube and 

which consists of square bars of uranium . 

Figure lB is a cluster which has the contour of a short cylinder 

of about equal diameter and length . This c onfiguration is easily con­

s t r u c ted by bundling together a number of thin sticks of uranium . Sticks 

of a bout 3 mm . diameter and 5 - 8 em . length, are most likely to prove 

suitable . 

Figure l C shows a cluster which has the contour of a short 

cylinder of about equal length and diameter . This cluster may be formed 

of balls of uraniu~ oxide or uranium carbide . More or less regularly 

shaped granules can take the place of such balls . In the case of gas 

coolin g the arrangement shown in Figure ~ is less favorable than the 

arrangement shovm in Fi gure l B and will be considered only if fused 

uranium dioJdde or fused uranium carbide cannot be obtained in some 

such shapes as shown in Figures lA , B, and c. The arrangement of Figure 

l C would have no important disadvantage in the case of 

from the point of view of fri c tion loss , but 

from the po i nt of view of the mul tiplication 

Double Stream Method .--Figure 3 and 3A 

power unit by a double stream method . The g as 

cooling 
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pile on one side, for instance at the top, and the cold gas flows through 

ducts designated by 2 into the graphite pile . From duct 2 the gas 

passes through one or more uranium plugs designated by 4 and the hot 

g a s enters duct 3, which leaves the graphite pile at the opposite 

side of the pile , for instance, at the bottom. The uranium plugs are 

located in the graphite column 6 which, if required, can be removed 

as a whole . 

The modification shown in Figure 3A has a greater flexibility 

than the modification shown in Figure 3 . This flexibility is needed to 

meet the particular requirements of a chain reacting unit . As .~ igner 

repeatedly pointed out , it is necessary to have a cooling system which ._ 
is adapted to qeal with ~ specific power production thre~ to four 

times (according to whether the power unit has a spherical or cubic 

shape) as large in the center of the power unit as the averag e value 

within the power unit . The arrangement shown in Figure 3A makes it 

possible to have throughout the whole power unit the s~1e temperature 

increase of the g as when it passes from duct 2 to duct 3 . In order 

to achieve this one has to vary the number of uranium plugs which are 

connected in series , according to the position which the graphite 

column 6 occupies in the pile and also according to the position of 

the particular uranium plugs within the particular graphite column . 

In the center of the pile the gas may flow from duct 2 to duct 3 

by passing through one single uranium plug and the temperature of the 

gas may rise during this passage by same value , for i~rutce , 300° C. 
I y 

In another region of the pile where the neutron~hslty i~~&' ler by 

a factor 1/k than in the center we may obtain t~~ ~ame rise of _ ,empera­
~ 

ture of the gas which passes from duct 2 into d~ 3 by pass ' 
~ 

gas through n uranium plugs in series . ;//~ 
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If the pressure difference between ducts 2 and 3 has the same 

value for each graphite col~mm 6 and if it does not vary along the 

column , the velocity of the gas in the plugs will be proportional 

to ~ and in order to have the same temperature of the gas at 

entrance into duct 3 we have to choose 

n ~ k ~/3 



MEllORAHDUM 

ON THE COOLI G OF THE POWER P ANT 

Addition to the Memorandum Dated 
June 15, 1942 

L. Szi ard 

June 24, 1942 

Correction of Typogra hical Error on Page 6 of Memorandum Dated June 15, 1942 . 

The last aragra h of the memorandum should read as follows: 

"If the pressure difference between ducts 2 and 3 has the same 

value for each graphite column 6 and if it does not vary along 

the column, the velocity of the gas in the plugs will be pro­

portional to ~ and in order to have the same tem erature of 

the gas at entrance into duct 3 we have to choose 

" 

Continuation of the Discussion of the Double Strearrt Method . 

Figure 3 B shows an arrangement similar in function to the arrange-

ment shown in Figure 3 A, but differing in construction. The construction shown 

in Figure 3 B makes it possible to remove the uranium from a graphite column with-

out removing an appreciable amount of grarhite. In this figure we see a raphite 

column having a square cross section and a ength which is arge com ared to the 

sides of the square, and which may extend if desired throughout the whole graphite 

pile . This graphite column has three bores, one of them representinb duct 2, 

another of them re resenting duct 3, and the third bore , in which are laced the 

uranium lugs 4. The possib e constructions for the uranium plugs are shown in 

Figure 1. Figure 1 B might be the most suitable if uranium metal is used . 

Perforated gra hite lates 9 kee the arts which constitute the urru1·um lug 4 

iL osition. These perfvrated gra hite ~lates are simi ar to the erforated 
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graphite lates shovm in Fibure C. Betv.-eer. e&.c tw 

gra hite rod 5 and a ore in the center of the ~ra2hite rod 5 connects two ad'acent 

uranium 

uranium 

ugs. , ereas , the exaa' e shown in Fi ure 3 A had brou s nf three 

~gs connected in series , and th se 6rou s comected in aral e the 

exam~le shown in Figure 3 B has a _l urani...un lt< s connected in ara e • T is, 

of course, will a yon yin the ce1ter of the ile, and the construction 

shown in Figure 3 B er:ni ts to have grou s of severa uraniun u~:,s connected 

in series and the groups connected in aral el as it is neccssar to have in 

other parts of the pile. The coo in a e1t enters from duct 2 through a bore 

8 into the interior of the graphite rod 5, asses throu6h a uraniun lu 4 into 

the interior of another gra hite rod 5, and enters throu h a bore 7, in~o duct 3. 

Naturally, the cross section of ducts 2 and 3 will vary along the gra hite column, 

the radius of duct 3 decreasing a onb the path of the cooling agent while the 

radius of duct 2 increases corres~ording y . If the gra hite column is vertica • 

the gra hi te rods 5 and the uranium lugs 4. 1vil simt-' lY fa 1 out of the ile 

under the action of gravity if their su port is removed. 
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ON THE COOL! NG OF THE POWER PLANT 

Addition to the Memorandum dated 
June 15, 1942 

L. Szilard 

June 24, 1942 

Correction of typographical error on page 6 of memorandum dated June 15, 

1942. The last paragraFh of the memorandum should read as follows: 

Continuation of the .Discussion of the Double Strean Method. 

Figure 3 B shows an arrangement similar in function to the arrange-

ment shown in Figure 3 A. but differing in construction. The construction shown 

in Figure 3 B makes it possible to r~~ove the uranium from a graphite column ith-

out removing an appreciable amount of graphite. In this figure we see a gra?hite 

column having a square cross section and a length which is large compared to the 

sides of the square, and which may extend if desired throughout the whole gra hite 

pile. This graphite column has three bores, one or them representing duct 2. 

another of them representing duct 3, and the third bore, in ~ioh are placed the 

uranium plugs 4. The possible constructions for the uranium plug are shown in 

Figure 1. Figure 1 B might be the most suitable if uranium metal is used . 

perfor~ted gra~hite plates 9 keep the parts which constitute the uranium plu0 4 

in position. These perforated graphite plates are similar to the perforated 
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graphite plate shown in Figure 1 C. Between each two uranium plugs 4 we have a 

graphite rod 5 and a bore in the center of the graphite rod 5 connects two adjacent 

uranium plugs. Whereas, the example sho-n in Figure 3 A had three uranium plugs 

connected in series. The example shown in Figure 3 B has all uranium plugs in 

parallel . This, of course, will apply only in the center of the ~ile, and the 

construction shown in Figure 3 B permits to have several uranium plugs connected 

in series as it is necessary to have in other parts of the pile . The cooling 

agent enters from duct 2 through a bore 8 into the interior of the graphite rod 

5, passes tbrou~h a uranium plug 4 into ~he interior of another graphite rod 5, 

and enters through a bore 7, into duct 3. Naturally, the cross section of ducts 

2 and 3 will vary along the graphite colu n . The radius of duct 3 decreasing 

along the path of the coolin agent while the radius of duct 2 increases corres­

p~ndingly . If a graphite column is vertical, the graphite rods 5 and the uranium 

plugs 4 will simply fall out of the pile under the action of gravity if their 

support is removed. 
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On The Cooling of the Power Plant 

Addition to [emorandum dated 

June 15 and 24, 1942 

L. Szilard 

June 29 , 1942 

Continuation of the Discussions of the Double Stream Method . 

Figure 3 C shows an arrangement which is ver· similar to the 

arrangement shown in Figure 3 B. The on1 difference is that in the ar­

rangement shown in Figure 3 B there are gro 1ps of uranium plugs connected 

in para le1 and each group contains two uranium lugs connected in series . 
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