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·Pres~t: Messrs .. Fermi, Allison:, S:d.lanr, \';igner,. ·Franck, --~'ie:inberg., . Seitz, Coope 

: ., Vemon, Youn&,-Watson,. Hogneas.,. Kratz-, Ohlinger ·· · , _ • ". • · ' · 
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Jlr., ,we,inberg_ opened the, ~acueaion on the subject · of conversiop un 
The question o! ~onversion unit.s1 tiea in closely rq.th pile policy and dep 
largely -on Mure- contingencies ... · There a.re two contingencies for which· a.. c 
sion unit would no~ onl7'be vecy useM· b~t almosV _mandatory. · 

. . •i ·.• ' - . ., •· • ·,; . .- . 

A. Assume· 49'.'1s- a ,failure~ ' This ''is not impossible since it is 
.. : rumoured that• purity !,)bta!ned. to data is poor, To ·ge~ higfi 

:.; /· purit1· one needs practicall.)'. an isotope sepa,ration so t he . 
.-.c-~ simpler ~ersiCG ~t .Jo~ 23· pr_oduction ,~wou?-d be . very--. useful. 
1111"'' . 1 ,,:--➔ • < t: .... -?}: -;.. .{ f 1 \ : .,. -~ ;,, ' .;.; ... .. \ 

• ~ ~ • · • ., J.I. .:,.. , ~ .st , ,r -... "st 
• ._ .., • • 

B. AsSlD6 1.9 is q_uite useful.. so"'tnal Ur, .Urey· can enrich metal DJ: 
25 to )) or- even 4'11,. ·'It then. becomes a question of econoir.ica 
and Mme whether Ur. Urey' s enriched prodllct should be. t'llffled 
over to: a converdion unit or some· isotope separatic:m. scheme. , 

~, ~~ ,.,.. - . . ' 

About a year ago• a unit was designed tentatively for producing camplet 
enriched 23. . (Throughout· the. following di3cussion "enriched by-'' sigp.ifies that . 
the original. concen.tratioo or isotope- in the metal should be multiplied by the ·. 
percentage indicated,. while 11enrlehed to" ;utdi.ca.tes the tot.al perce.nt of isotope­
obtained in the metal. .. ) This design .ass~d • a homogeneous slurry- pile usiog 6, kg_ 
or ~etal enriched to 10% (600 gm) of 49 0-l'::~ ,. The slurry would require 1..2 tons , 
of P-9 of which 7"1 v10uld be in the pile" an'd~:~5% in the external pumping system. • 
(This design ltas no.t calculated- independently but was interpoJ.ated from larger 
homogeneous plante to get_ a unit producing about 10,000 ki'T.) 

The pro~sal entails getting 600 gm of 49 per day fran W in the form or 
metal enriched to 10%. The complete plant w~d require· several conversion units 
in sel_'ies fed consecutively with this W metal., since the useful life of t he met.al ,,, 
in each mrl.t woul.d be snall. No. details were worked out on the introduction of 

~ i ~ f;b.ori.um. The power output of such a series cf units per gram of 49 would be very 
~ ~ Z..;liirge. · I.f pure 49 were used, the concentration cf the slurry: yv0uld be reduced, 
_: ~ >- ~Ut it is doubttul whether there would be any pr actical benefit from the use of 
- - ~ ~e 49. Unfortunately., the question of making the slurry has. not yet been settled. c- .~ t --.J:J t· .. 

C .-... j ~-1 ~ c c. ~ . Mr. Fermi raised the question of substituting a ~lution for the slurry, 
:;::; 0 •E ~ asked if there were any objections to this. Mr. l',einberg answered that the 
.:: - ; ~y objection to a solution was that we did not have a solution any more than we 
. - ., -::I \..> sl -: '.;.. ._, CJ,£~e a urry. 

,. :: .-:: 2. ·g :) 
.., ; _ "' <lJ ;~ ~ '"' a~ Mr. Vernon suggested that, instead of using 49 in the pile and thorium in 

.; ::: o 1-tTu refiector, a mixture or solution of thorium and 49 might be used, but Mr. V.ein­
;;,. ~:;:) i o&g said that this would make the pile much larger and Mr. Fermi felt that it was 
; ~ 1 ~ ;";J~pler to use the thorium in the r enector. 
~ S : ..g E ~ Thi• document contain• info , ,. cd n th!_.!'•ti~J 
",; :: .:: ·n ._ .:::! . ■I!~ of th1 .~ -"' .._ ;,s g <5 ~ _. i~r: C1f(asmi51ion 

j: ~ >: ~ ti -S ~=~ ~o~tents i~ any ~r to an 
' ;:; Q. ;j -! _; unnutbori.ud pexson is prohibited by law. 



Ur. \)einberg pointed out that one advantage of a conversion. 'Im.it would 
be that it is the equiv:alent 0£ a pilot plant- for a P-9 homogeneous plant. Mr. Fermi 
said that thie is true except that there is much less concentrat.i.on than ·in · the . · 
latter. Messrs. Wigner and Tk«inberg then checked and.. indicated that since there · , 
would be 0.2 iJMJ• per c.c. of metal in the_ slurry :for an unenriched P-9 homogeneous 

a , 
0 

... ~e, there is a factor- or· 10 over the concentration in the conversion unit.. Mr. Ver-
·.3 [ c :;;~observed that there ma7 also be some di!ficult y- in keeping the material. in . 
E v -g c.!@q!J!.do-solution and that settling out may be a ser::tous problem. 
~ ..= m >. ;:: , u. -o ~ C ~ , ] -~ g; ~ :B~ / . Mr. Allison suggested that Ur. Oblinger keep notes on suggested research 

:::: c: ~ 0 lelopment "°rk which ahotild be started for such a unit. lfe proposed the follow-
ce 2 ..c g to start the list: - · -
......... u ·- . -
- CJ ti .. - ' . t -5 o -5 .• (l-) The behavior of solutions and slurriea under radiation 
~ ] ~ ~ ~ \" (2) The recovery of small amounts of uranium from large amounts of thorium. 
-: !! ·;;; C..1- (1. 
" ~ .., a, >·c . ' 
~-;:; rt,) ;.... j~ · 
I' U) > i,.. .• f 

~ ·c o·» 
~ > ~ • 
C ,, 41 

~· - 0 II) ... . -:-= ..c:: ;;: 

~:~.g . = 0 ' ., . 
. - >. 

"O -. ... -
• II) <I) :I 

-~ Q. :; - ~ 

Mr. v1;igner proposed the use of uranium-oxalate as a possible f orm of a 
Ior a solution since it is reasonably soluble. :lir. \'dgner• s only worry '!fdth 

Ill 
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the oxalate was the p~uc~ion'ot .gm but ·Iir'~ Hogn~s~: s~d ~hat ~b?n mojitixide.-, ~- :~·.:"'~~~- -~ 
_)IOuld be produced which ce~-~d)1ot cause _gumming! Howe~eF~, .the'_ . ~ . ~i_.ii::··"' ' · 
ate might be formed and. cause sane-'·depoai..ts... Mr: ·,W~inberg proposed 'att~ ·., .~.-'"' ~ 
tq o~ain .the>axa.J.a~e ·~tt .~ut~~-to-_dete~· .it.s;!o;u~ty . . ~ ~.i~ .f, ;~~~

1
·:~: ~ j_-~~ " . ~5 

. . . ,,;L..,.., ... . • ' i:.,,,:~.t -.;~-., , .. ,.•··~~-:,~•.· .. ;-."'"'.-"' ·~ .... ,:½:'_,.,,,~,~/ ~ ·.• ,t;/;i'¢h ~. "-~~\ .!I-:# 
• t ., r °Y •• '!° .. (..., t ~ • J:,i <:... /'\ ~ .,.,..,, • >,. Jt ,("' ~ y • • ;_" ~ ~,_;. ~• . V #> ,._; • l ") '._ •;• . ft\'.>/ /1,..""1-~~~ ;t.-_ (: "'- 4 

C 

. · . • The ~estion ·of us!,i'1g ~lre.-~~ate_ ,was. ~~e~. by-Ur;~ Wigner ,wb?· '."'Ond~~ i'-: ,:.·§;-.?{~:r.;:,r".!: 
about the nitrogen- absorption, but: Mr.;.:r,~ ,felt:_, th~t:· \5.. l_~&:,~a -the!- ~oncentr!'-:;:~.~~~~~?:~­
,tion was ~der 10% ,there; 1'188 .no: ~r► . • Y1: t~~- he !;>l"O"[?Osed ~.~u+P~te-~?ut,::, :.-.~~i.r · :t;; -:;:1''·;1-
questioned· whethe~ the- co-lloii.cl~ sulphur pro<!uced · und&r.' rfldiatiorr . .:nigl{t( riot -~ .-~ ~i-~ ~- :r,i'f1-
up the circulation system. ·. Mr; ·vq,gner- noted tha..t. sulphU;[' preciµi.tation might l)e;-~>-?•;:~~~f.~ 
prevented ey the use .. of: hydrogen_ sulphide,. and t,..'ia.t this subj~ct should be. inve~: ~ J-~~-~ 
igated. Also, ha augg_eetecl SitaJ.J: amounts· of 3Ulph~c ';'-cid to keep th': uranium , . i j'~;ttt 
in solution since sulphuric acid does not- a.tt~ctc. stainless steel •. : · .~ . ..: ',':..__"'2 ~~·."l~ ·'"'-. 

• f' I • • "•-, ~ • ,_ • ~ "2". • . •• .. s,i, r ~ - •• ,· r ! - .__ ",. • ._ J • {. ,. f; 
...,,, •• -;._':'• ._,,:. , ,._ • t, -'\. ~•r_ :"'~ r •,4 •.., ◄ • ".J. .. "<t, ... \ t Y -<"' ,_ _., I I' ' '- '~~. ,tv.-

}!r. Hogness. ·-,aid that .the· _decontaminatiOQ.. pr9blem, should be included ·in ~ -~/ · 1 

Mr. Allison.' s . list and-Ur .. - eo_oper recalI.ed that 11r.: Fe:rmi.'"a questi.on· o! .-i-emoving: • z ,. 
the fission products from . a. circulating stream. ~~:,another probl.~rn . .roz:;,the list .. · ~$l~1- J 
Also, the handling and ·recombina:t,ion::ot.' the gaees of de~sition shoUld. be l~ke<l • . ~ ,~i. · -t; 
into. Mr~ Y.einberg_ ·tndicated that, .t?re: latter problem wilL be common tof all water· ', .. -. ~~ °:'-' i 
moderated ·piles. Mr. Fez-mi: estimat,ed the ~s f~rmation a.t a.bout,. 20- lite.rs· per · ~~~:[)i~?},;~ 
second of h~gen and. o~gm. 1tr.-·_ Wi~er- reported that e.xperiments of. Mr-•• Alleil, : · "":· ~•.:fj: 
ha.d indicated that.,. with· some luck, it .might be. poseible to h~ve recombination. / _,..,:• ~~:-' ! 
under equilibrium. preeeure if the gases -were kept in the original tank over ·the , >-: -:... ,-... . -,:\. • 
liquid but that th;s question still. needa more investigation. Mr. Fermi recalled · -::. : .. ::~:(ei 1 
from earl.y experiments t~t a radium- solution held in a flask with. a vapor spao" : ·. 1~~.~ .. • 
above it,. established- i:t~ om equilibrium~at around 1/2 at.l'llosphere preasure and. ,_ .• 1~ ~:k:.; 
that the pressure never did go above one atmoephere . . '!'his was mostly the· result • ~,,- _. : 
ot a<, particle activity. Ur. Wigner felt. that this was- good ~ews since the action ~ · .~•;;i-\ · 
of fission particles. would be similar, &a indicated by investigations. of Mes~s. ·~:- · •'~­
Burton and Allen who found a r- ::- O. J for both fission and~ particles. Mr. Fermi 
said that about 100· volts were- required to dissociate the -particles~ He thought .... ,. 
that the process might follow the c,cJ.e of forming hydrogen peroxide which would , ·,.·· ..... · •"··{ 
then be decampo8ed into the gases. . . · • ~ 

~ ~ • j. .. ' \; ., 

. . ., . ~· 
)fr. Cooper asked whether ·the equilibrium pressure might. be expected to 

vary as the rate of. energy liberation and, although Mr. Franck. believed so, 
Ur. Fermi did not believe that this was necessaril.7 true and Mr. nigner .stated 
that the evidence was coni"Iicting and tha.t this idea was t.he resuJ.t of early ex­
pe~ts. ~1th the formation of hydrogen peroxide, the process gives the equil- . 
ibrium at a certain pressure regardless or the rate of energy liberation~ Mr. Fr.anc:k 
felt that since the· radiation field was different in the heat exchanger_s than in · 
the pile, .one cannot predict the gas .formation and recombination as readily as in 
a simple ~eriment. }A-. Cooper asked Mr. Femi' whether the eq\lilibrium. pressure 
obtained was independent of the concentration· and received an affir.nati ve answer. 
Since ar. Franck was still. in doubt about the equilibrium pressure formed' over the 
·solutica,. Mr. Fermi suggested tha~ despite the r adiologists assurance that it was, 
he_ would do some. experiments to prove or disprove it. 

Mr. Weinberg concluded his description of this type of conversion unit 
Vw:ith the opinion that ~ch a unit is fully within the range of" possibility of con­
struction by the laboratory itself instead of by an outside contractor. He also 
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For better cooling of the rods ·and protection against warping, it may be 
desirable to have · .fins -oo the ends of the rods. Mr. Young has made calculations 
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;. on the heat .tNsi'er .· C ~dic~te that, assuming a, ~ drop tw.1.c~ that . ~t w 
· or• 40°, and. assuming that the water through. the pile- is all. about the. same­
erit.ure ·c this ! seema . reasonable _s;i.nce· the: ~ drO_?.' is the: largest ·item),.. -~.-.: ~ L 

. expect around 60,000 kw ~ ~ .eh -~ unit •. ,.Jfow~ver, , since the pila ·is' practi~lt:.~f 
all. water, a . tremendous :q_uantity .. ot water must pass- through the pile to· get. ~d, ,. 

.. heat tranater. • The_ cal~t1q11,_mentioned above• indicate a velocity ·through. the, 
pile of about 10 meters- per.aecon.d> ·- This mean& about 30 tons per second or .4~# . 

· . gallons p~r minute· o~ water, through .the:' pile'. ·~ Urit Szilard mada."the• ~estion -
·. : it would be possible to ·av.oia•.'bailcll,-. i _., ' • ' ·•· • ·• • " • · •• r c · ': . 

. . ing .such. a tremendous qwm~tT· through_;;. •' Wat 
the necessary rtltera.., etc: ; · by: recir- . · ·· ._.; · : 
culating the major portion of,'..t,he. water 
through the pile and ,tlow:i.ng on1.y· a: · ~' __ ..__, , • 
small q_uantity- 0£ ~ter' t.hrough. as . · Pum Pile ►up· 
make-up. Mr. Young,• s calcul4tion . · P 
indicates that-this make-up m.tglrt,:, .. - ; . • 
amount to . about-0 .. 7 ot, a ~ per : · :· .fl · · ,.., . . · 
second for. · a . 4()0' temperat.ur& · ., · · . :. " ~ ~-Recirelllation 
di!fer~tial.. The. sketch·. at the f !;. -,ot, Major Poi- Gener~ . , 
right indi·aates_ tJi1s, <liagramatic~; . _ 'c t~on,, ot. llater· Wat.er_ T~: -~ •. 

• ,t • , ..._,_ ... ., \:,. ~--1\._'l'"'- :.l,-:;\•.,. . , . .. 
,. ....,: ( ,. ~ • ~ • ,i- -! ~ • ,. . "!..,, ,?" ~~- .. ~ • ' • • .. • .. , _,.. 

Mr. Cooper exp)~n~d that ... 'it.:. is a !~uerrt, practice_ in industry- ~h 
once througµ parallel now: 1rould invoJ..ve large quantities. of water,. to use- stag 
gered baffles to produce a zigzag eroas ·now· as indicated diagramatically~ at ,, ~,... . , 
left below. Mr. Wigner: sugg~sted a· _c;rlindrica.l. baffle at the per~phery, ~£ the cor,e. ·~-· · .•; 
as indicated. in t.he-tv«> diagramatic alt.emates·0at the center and right below. • · 

• I / • • 

• ~·· ·• .
7 

1

~Cy~~cal . 

L--'--....... --+-~--'--1_ • :· aro\llld Core 

.... ,, ~ '~~ .. ,.,. .... 
:i~ '-~-.r-. 

. . ,lf '•. -:~. _· l~ ''. • ' ·' . -~- . ✓- ~... ... • • •• \' : • .- ~ 
!Lr. Cooper enlarged upon the center ·sketch by suggesting a- series or- concentric 
cylinqrica.l baffles as a further refinement. '1he cylindrical 'baffies<wit.h the 

··~t.er entering at the center o£f er better utilizat i on of the cooling stream than 
the cross ba!nes since k is better in t he . N r e than in- the shell and half of' the· 
power is produced in the· core. The average power in the core per gram of metal is 
about 10 times the average power tor the shell. This means the core 'will produce 
about l0,000 kw per ton of metal or about f i ve times t he -qtilizatian· at Vi, although 
this !i,gure is not far different from t he expected utilization considered. for P-9 
piles.. Since the shell metal will enrich in ti.me, less metal vd.li be required in 
the ctmter eventually .. Although core poisoning will be a factor to consider, it 
is probable that the metal activity rather thao the poisoning will determine the 
length of operation. · 
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