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9:00 ~ 10:30 209-Eck 

Present: Fermi" AlllsO?l; Wigner, StVl:.h, Szilard, MorrisoI1.J1 \~a.tson.l' ]:!'eld" 
Hogness, Young, Weinberg, Creutz, Cooper, Vernon, OrJltnger 

4fIIJ 4tf1'~M r. 
~., &~:r-': • , .-' . _ . 
~.;,;:.:;'" : 'J\i The first speakel."' was Mr. P. Morrison; his comments folloW': "If 

'-~>. ~,N l we view the chain reaction merely as a source of unspecie.lized ener~ 
~'::' i...-J" goes directly, into com.petitlon vd:!:'h the many existing la.rge scale p '.~~' 
C:r.-" ~~. movers and :f"'l.1e1 sources. Economics are then paramount. It is Mr. MOrriSon'. 
1:;B..:c:". ~. q opinion that we should not move Yin that direction for SOT{le ti.rne to come, 
~. ~ ~ but should a't.tempt to exploit, th, particular properties of t{le chain r~ 

e 

:;: ~l~' action asc a c<Yllcen:t;,rated source of ,a highly special i'Ol"m of energy.. Power ~ 
~ \"'! simply a.s loy hours spould appear at most a.s a 'by-producto " 
• I ' 

~ ~ .. 
~ .l .The following data 'l;1aS gathered from the Bureau of Mines bulle-~ins 
o ~ d a.Y!d other $0\trce6 and correlated by.Mr. Morrisooo· . z . ' 
~ >< 

~ ~9 . In 1941 the average yearly power produced by the major sources 
j;; ~", wa,$ as follows:. . 
- g , ! < .• 
..:I ><.t: o t:Q- Water 

u-as and Petroleum. Products 

, Coal 

2; x 106 kw 

340 X l06ki'1 

470 x 106 k,w-

The firs'~ item covers ~os·i:.ly, govern,ment~J ~ri:vate utilities and ~rivate ~ 
industrial P?wel", c:levelopments. Of' the power produced from t.he second fuel ~ \ 
source, about 4Q%.,~s from gasoline in all its uses. Of the power pro- ~" 

,duced from. coa:1, $-bout lQ% was used in public utilities, about 10% for ' '~\ 
coke ~d ohemical uses lI about 20% for railroad -transportation, arid -I;,he \ 
bala;nce, of about 60% fo:(' other miscellaneous uses including, domestic, and 
,industrial fuels. , Of' the a.bove total figures fo~ the world power production; 
'~he U.S. consum~ about 35% of the coal-produeedpowar and about 60% of 
t.he pe'~l"oleum-Pl'9duced power. 

Cos~ fj,gtll"es for the a.bove power, l'Jhile, not on a strictly com­
para:r.ive basis, are inte:!."'Gsting.. The figures below are all Pel" mega1l;att 
hour. ' 

/ C~verflJUent hydropower 
Priva.te l'l3dropower 

'~.20 -

Most etf1c1ent,oo~~steam plants -
qity> consumer- ' 

" --.:. -.,''' :. . 
'Large industrial con SUT!.1er (firm povmr) 

RjuIcan 

:.!~~ .,;t. 
,_ ,~~;ill"., 
"'''- ~~J~d; 

\ '2.00 to 2. ,0-
0.80 -

.3P.OO 
,4,.00. 

o. 
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(.'Energy, not ~echan,iaal pOl.fer) 

TNT 

Hi-octane gas 

Motor fuel 

I ~(!;)o. 01) 

.. ' $2.00 

4.;0 
- 'V 2,,00 

" , 

The £i~st ite~ is based on the cost ot the power at Boulder D~~ at the bus­
'bar face on 8. guaranteed oonsUIllption, 'cont:L."'luoualy 'throughout the 2l!- ~o~ 
day and 'iricl~des 'l-h~ cost of:the original equipment" maintenance, 'etc .. " , 
The figt;tre rOf.' tl1~ !)o9J.-steam:'plant is ba.sed on the fuel cos~ o,.Y1ly and ,.<ioas 
not' include t~e ~quipm.ent, l1\ld¥ltlSnance~ 'etc. As Mr .. Szilard po1p.ted, out~ 
these two cannot be ,compared and, as!.tr.Ferrid. observed, it S;e~th~:80¢ . 
.figure or t~e ~oal-Er~eam plants "lith whioh Vie must compete in, thE(product:1Ql1 
of . power .. ' " . - , " , '",' 

J).a .Mr.. MOl':z?son noted in a recent memorarfclum, the approXimate 
a,bundanceof tUQealloy ~d thopium in the top crust (5',to 8 k.-rn thick) of 
the ~b is ~s'.follows: . J ' 

,Tubeall<?y ~,t~'2 ppm: (found mostly il;1 granite and do~s-
'" j, not~ include'sancis, etc .. ) . ~ 0 

Thorium. /" '" 12',':!:"·4 ppm (found mostly :in sedimentary rocks) 

The .lJl.ost effio,1ent gold extraction plant yet constr-dcted haf\ b~e:..'1 able to 
dig thero~k,. cf"'USh it, t.reat its etc. to r~cover the gold ;for 'e.bo'l'l,;t ~7,.OO 

.per ton ~ Crushing "rock requires about 100kw hours per ton when the rock 
is reduced.to pa,rtic1e.s 'of about 1 mm3 in size. Therefore" Mr. Morrison 

" e13t~tee ~hat 'we could a.f'ford"to wor!~ the rock for power ('based on using 
, . the 25, .not·,the 2Sh if .necessary, providing the abundance of'the tubealloy 

: was not 1e~f'l, than 5 to 10 ppm.. It has been estim.a.ted that there' are about 
, 1014 ,-1015 :tons' of naturai tubealloy 1:.0 be found in rock in the earth's 
, crust and about 108 tons in sea water (the concentra.tion in sea. water'is 
aQout 10-9 gms of tubea11(.)y per gm. of water). :' ' . . 

, The richest occurences of natural tubealloy in the world 'are at 
the following locations. All ,figures are veF:r rough estimat.es based on 
incomplete' and. often reluctant surveys by the producers. All 'tonnage 
figures a.re tons of -j;,ubealloy ~d not. ore. 

U. S. (~ Colorado vana.clium ores or Carno-
tite, ha~rl.ng a content of about 1% tube­
alloy. .Eatimated at ,3,,000, Lons.of t.ube-
alloyava;Uable :in 1925 .. } , '" :- 'about ,5,000 'tons . 

. in Bight. 

Czeoh -,,(also about 11b content} 

" 

abcru.t. l~OOO -tons 
!'e.mainlng 0 
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Congo 

Canada 

Russia 

.3 
"< ... -

(of five sites total, one was estimated 
in 1925 a.t not less than 5,,000 tons ot 
eire having 20% tubealloy content) 

(~though other deposits undoubte~ 
e:rlst, the known deposits containing 
~O to 50%" tubealloy content or~ have) 

(1 to 2% tubeallqy c9Iltent Carnotite "" 
vanadium. ore d~site) , '" , " , 

" 

about 5,000 tons 
in sight. 

about 5,000 tOns. 

not less than . 
3,000 tons in sight. 

Tot.al about 20,000 tons of tUQe-
alloy in sight." "' I 

\ 

A simUaI;' table of the distribution of 'thorlUm throughout the 
vrorld follows. This is "found almost, entlrel:y"in raonazite sand having 
about 5 to 11% thorl.:O!1l content.." 4, <', " " " 

U;"S,~ " (m~y in North Carolina with a small 
" amOl.lllt in Idaho a.nd,Flo~d.a) " 

Brazil (on the coast) 

British India' 

Netherland East," Indies 

about J:,ooo 'ions. 

about' '8,000 tons .. 

about 1;0,,000 tons. 

mAY have abOut 
;,000 tons. 

If W6wsre '1;,0 use ,the entire U .. S. and Canadian resources of 
t,ubealioy (10,000 t~ons) 'using a. Y of 0.9 and utilizing only " the 25 and 
not -the 28,' ~ve·'lJrould have an equivalent replacement· factot~ of only nine 
months ;for~the ·to~a.l power con~ption of . the "0'. S •. or" {l.bout. ten ;years £04·, 
the hydropower~:' " - . 

The'~secOnd speaker 'was Mr. SziJ.erd who' continued his discussion 
from.,-l;,hepre'Vious meeting. He recap?ed first the three possib:p.itie~ as 
he sa.w: them; 

(1) ~nseparated tubeallo;y ~ 49 production 

(2) Enriched tubealloy ~49production 

(a) sicw chain ~ction 

(b)" fast chain reaction 

(3) Eh~ched tubeal101~BQ 1.t2 2l'9d!a,:t;J.on 
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On the basis of Morrison's report, Mr. Szilard felt that the 
tubeaUoy should be utilized more efficient.ly, L e., using the 2S and not 
just the 25. Hov/ever, since the power production indicated in it.em (3) 
above is a long term proposition., he did not intend to di-acuss this phase' 
at great length at this tiIne. 

In item (1) above, heat is only a byproduct, and not the primary 
object. Concerning it~m (2), Szilard proposed answeriogthe question -
if an amount A of l~9 were invested, how long v;ould it be until 2A of 49 
were obtained. In a fast chain reaction, if two tons of enriched ore 
oon-l;,a.ip:i.ng 10% of t~9 were used in the core surrounded by 28 at the rate 
of 125,000 lay, then 2A of 49 would be produced in 4k years. In order ;;',0, 
na1re any prac1'ical significance, this time should not be very nm.ch larger 
and the readjustment of the material. should be easy during the time of. 
operation. 

- Considering' first the slow chain reaction: 'assu.me a /'49 
(neutrons ~~tted in fission/neutrons absorbed) equal to 2.0 - 2.2. 
Szilard struck out the latt,er figure when Fe.r.mi stated that the /1'49 is 
proba.bly lower than #25- lath.l':: 2" just as muoh49 is being produ~ced 
as is being destroyed. In a slow chain reaction this might be improved 
by using the fission of 28 mixed with 49 but this is not very ef'f'eotive 
in a slow chain reaction because even from large lumps embedded for in-

~ . stance, in graph:l.te, many n,eutrons escape, are slolved dovm. and do not 
produoe fission~ Sinoe the sUper-plutonium (40-10) formed might be fi~ 
sionable, there is, sa.y~ a fifty-fifty "hance that we oan iJnpr(Jve,rr to 
a ,Heff = 2, • ..5. -

Considering the fa.st ohain reaction, the situation is more 
lavorable. With a low concentration of 49 in the mixture with 28, ,exper­
iments hav:e shown tha.t i ndght be raiseq, to 1.2. In addition, there is a 
high energy taU produoing an (n, 20) reaction 'whioh may give a 2~% .m-
er,ease in ,./I (~a.sed on observa.tions of Turkevich).. ' , 

(The value ft has been defined as the number of neutrons pro:­
duced/numbera.bsorbed in 49. ' Szilard uses Vo defined as the number of 
neutron,s produced/number of fissionable atoms used up.), 

In a fast chain reaotion, even if 40-10 is not fis6~bnable, 
Szilard felt that it is probably true that the branching ratio' for 40-10 
moves in a fa.vorable direction" or that tJ 0 may be taken as Vo i:: 2.;. 
He felt strongly that there is a.very good chanoe that Pu240 is Edt~er­
fissionable :in the the.rmal region or at least that the branching ~atio, 
can be counted upon' to decrease by a factor of 3 as' one goes fl;'om ther.m.al 
e..'1e.rgies to, l3ay, 1 Mev.. '(Fermi pointed o:u.t that the branching ratio of 
49 is gr,eat~ than thl.t 1"or 25.) 

.". . 

T~aar~ents for this belief if in p!U"t ba.sed on the rule of 
thumb (briAi) ... (26 Z/Z) (see also ilorrison in Project Handbook, Chapter 
IV B 1.1) which gives a rough indichtion of the fission threshold and is 
partly based on the belief that, with increasing neutron energy, the time 
required for fission decreases whereas the time required for radiative 
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captlJ,r6 remains constant. Szilard therefore assUlies that', in a m:i.?iture 
of 238 and Plutonium, E Vo':::: 1..2 x 2.5 = 3.0 neutrons emitted per'thermally 
fissionable atom destroyed and this would mean that there is a net gain of 
one thermally fissionable atom per similar atom destroyed. 
'~-'7~ 

Referring to item (3), Szilard emphasized one possibility, i.,e.,7\ 
the burning of Plutonium in a slow reaction and absorbing the neut~~ by , . 
bismuth to give Polonium. Of the, heat dissipated when Plutonium is 'des­
troyed, to give' Polonium; only about 3% would be stored in the Polonium. 
However, this energy will be available for use free of )( radiation and 
could be used'for driving airplanes, etc. 

In the discussion follo\r.ung, Fermi questioned the estL~ted , 
va~ue of Va :: 2.;' on the ground that it might be too optimistiC and 
pointed out that there is a lqngrange futUre in developing the ,full utili-
zation of 28 and thorium. ' 

Wigner questioned the feasibility of the rotating disc arrange­
ment, described at the previous meeting on the ground of poisoning and " 
questioned the 4i year investment return. He felt this would probably be' 
more nearly lQ to 20"years by which tiille, as Mr. Morrison suggested, we 
may be burning water. 

Atter discus8ion~ Szilard e:xpressed his view that item 2a is of 
more .im:!l1ediate concern than 2b. 

~. Morrison suggested that more work should be done on the nuc­
lear development of thorium because of its greater availability and also 
suggested experiments to obtain V23 and other useful constants'. 

Mr" Ohlinger explained very briefly an outlined program" of which 
a. copy is atta.ched hereto. This progranl for 'consideration of tuture trends 
in the laboratory work" is a, compil.ation of the1ndependent results of t..lle 
Ilhomework" requested at' an ear11e);" meeting.. It has been assembled to give 
a majority concensus of' the classification of possibilities. 

" 

In general, the outline is first divided into three main groups 
based on the use to .. mich a pile would h,e put.. Thereafter, the, potent­
ialities are subdivided for easy consideration. An open discussion of this 
outline 'wiU occur at the next meeting on Friday, May 5th. ' .. 
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I. pm~Eft PHODUCTION (49, 25, or 23 consumed) 

A. furnose of power (:in order to determine following) 

1. Physical size. and mobility 

a: Larg~ stationary piles (slow chain react. or 
group of .fast chain react.) such as for central 
stations 

b,. Med:i.U!]!. mobUe (or ata.) piles (slow ohain react. 
or group of fast chain react.) such as for boats 
or locomotives 

c. Small mobil.e piles (fast chain react.) such as 
fOr'Planea or cars, 

2. ,Power output range, e.g. 

a" over 106 kw (; 

b." betw~en 103 - 106 kw 

c .. ., less than lO~ levi 

B. Utiliza.tio!! of Energy 

. 1. Direct. 

.! 

a'l. Electrical removal (including thermocouple typ~) 

b. Working fluid absorbing heat directly 

(1) Direct liq~d vaporization in pile .. ,. 
to dperate', turb1ne" etc. 

(2) Gas cooling "dth or without gas 
turbine . 

(3) Endothermic chemical reactions, 
e.g., 2H20 4°2 t 2H2~ 

2. Indirec~ lnergy removed by circulating 

a .. the metal 
b.. the moderatior (if any) 
c. the coolant 

II. ISOTOP~ PRODUGTIO~ {49 or 23 produced} 

(Since its purpose is well defined and there are no limitations on 
size, lack of mobility and power produced, except by the operating potentialities 
of the design chosen, these factors are not outlined here.) , , 
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A. A2 PrOd~ction 

1. Slow' chain reaction (thermal neutrons) using normal U 

a. Homogeneous piles moderated with 

(1) P-9 

.(2) P-9 T H20 

b. Heterogeneous piles moderated 'dth 

(I) Graphite - improvement in operation and 
utilization of present piles 
(X and Vi) and design new im­
proved piles 

(2) P-9 1. Also require ~ separation pro-
(3) P-9 1. H

2
0; cess to recover P-9 

(4) Be 
'.~ (5) BeO 

c~ Cooling~ccomplished b.1moving 

.. )1} the metal (UF6' molten U, solutions) 
(2) the moderator (P-9, P-9 i H20) 
(3) a.separate coolant (H20, P-9, liquid 

. Bi or Bi-Pb alloy, diphenyl) 

2. Enriched pii~s ( enriched with 49 or 25) 

a. Slow chain reaction as outlined above 
b. Fast chain reaction as outlined below 

3. Fast chain reactions (U2 moderator) 

a. Homogeneous piles 
b. Heterogeneous piles 

c. Cooling accomplished b.v 

(1) Liquid Bi as coolant 

(2) Liquid Na as coolant 

(3) Using IT mol ten and moving it 

B. ~ Production 

1.: ·Reflectors 

Q2:.'!f]etl.!:: If power produced in mak:i.ng 49 can be used pl'actically, 'lih1,s con-
stitutes another case, - a cOglbination of I and II. I 
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lJ;I. f!AQ!.AT10N".SO,URCE (High levels of intt;msity) 
; . '~'.-f!'" 

(Since the purpose is well defined and size, mobility and power produced 
are not criteria, they are not outlined here. However, such a pile must be 
flexible with the ability to reach high levels of intensity and expose mater­
ials or take measure.lnen"ts vd.th ease. Flux and not total power important 
here. Most suitable of piles defined in II to be chosen as exper~nental 
machine •. RoUt:L.'16 metal removal is not impOl:·tant.) 

PROBLEMS Cpr,~,'10N TO ~~ (or a large number oftham) 

1. Shiel.ding 

2. Reflectors 

., 
." ~ 
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