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Outline of a Liquid Metal P11e -- . . ~-". 
'~rr'tC:: G. Young 

10 ~~uctl~ 

!] .~i 

!he purpose of the present' report 1s to elaborate a little on 

a remark made tn Moll P-l90 (fooinote noD 50, p 25)~ and to consider 

more explicitly the possible use of fissionable material tn a 

fluid formo The report cited ~ves (p 15)' Bome discussion and 

zoe'ferencee relating to such a possibllity, and OL-GY-2 coJntl1ents on 
" the advantage of being able to continually replenish the fissionable 

material as 1 t i8 de.strayed. 

~e here consider a thermal 23-thorium pile with Be moderator 

and Bi coolant. The fissionable material. 18 lrn~ined to be in a. 

liquid metal alloy rest,!ng within :Be metal walls thru which the 
, --

heat 1 s conducted to the C'~olant nowi~ on the other side of the 

walls; tbuB. in effect p the Be eeparatee the statlonar,y fisstoning 

liquid from the lilov1n~ cooling l1quldo 'and holds the former in 

place in the pUe while the latter rushes thru to carry awtq the 
, 

heat 0 

Evidentl7 the resistance of Be to attack ~ the liquid metals 

·.i~11 be 1mpo'rtant tor such a propos:U. there 1e some evidence (p g 

and 22, SummRr7. of Nev Pile Stud1es·~ Young lO/2c/46) t~t !eM8¥ be 

resistant to B1 and Pb. but thte 18 hi~h17 prelim1nar,y. ,Work on 

the resistance of Be metal to Na4 K alloys has been carried somewhat ' 

farther (CT-3726; ~mar.1. P 9 an~ 22)"and We oooled Be piles 

(r,mC=GY-39i Mon p-190) are be1n~ considered by G. 'E. tor the Na.vy" 

~Bereafter to be referred to 

'.i ~ J.~~n ~_\ 
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2. Nuclea~ Coustants 

Table I gives some nuclear conBt~ta estimated in discussion 

wi th K. Way 0 

Table, I 

Material I, propertT> I Value References and Re~arks 

23 ai 500 CLM-XW-l 

:81 
.1 

:Be I 

., 
i"\. .\ ' 

-:~-=-. 

O~· 

."tfIIIfitI:.'. 

n'i'r 

.v~~ 
" 
-~ 

d& 

.. _,';' "3 

,I 

t 

2n34 

.015-

9 

.01 

4 

115:1: 15 

/" 

CLM-KW-l 
I 

Taken s. 11 ttle larger than acti-
vation resulto. ' 

liquid :B1; MUC-HBQ..,7 

MUC=KW~60 

r.suc-KW=60 ' g1 vee a value of 305; 
more recent results (CP-3647) 

II su~est that wi t·h finer crysta.ls 
the value mip;ht be as large alE 
5 to 7 • 

MUC~Wo-MLG-IO (or CF=3403e' p 43). 
CL=M'!\~-l, and Mon p-l60 e p 5 
p;1 ~e a calculated value of 94-98 
em for a metal density of 1.85~ 
This 1s probably a. lower limit 
to the true valu0a and a larger 
value haa been gt18ssed here" 

~The bars denote Maxwell averages(taken in the appropriate wat)· 
at ordinary room temperature. In the thermal region the scattering 
croGB=seet10!ls w11l be a.ssumed independent of energy, and the 
a~aorpt1on crosB~section~ to vary as l/vo 

Thi s c1ocump.~t cant,,} ns in:fnrm'1tiolJ. 'affectinr; the Mtional 
defene0 of the IT. Se ':Ji thin t})<> iGf':,<,nin~ of the :Espionage 
A ... IV' ,-< C hO~" "'X'" "'A, t i' " '-b' ,j\,'"!.Cl.r$l U~'JIJ .., ) . ." )J~ .. ~. t:i.TlCl ..It::.:') .l.vS I'nrl~rn SSlon o,r. \t.e 
rBvelqtion of its c()nt~ntf; in a,.uy manner to all u.np:u.thortzert 
p8J'f;on i13 111'oh1 bi'tru by 1~'.1,. :" 

";~" 
.-,;, 
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We 1m~11J.e the pUe to contain equal volumes of Be aml 131 \11th~ 

at operatlD.1I: temperatures, densities of 1.62 sad 90 S respectlve17" 

, There are then 443 atoms of Be per .atoll of B1 u and at. thermal ett.e.:-giee 

we have 

abso:!"..et1on in Bi, 
absorption in Be 

,~~tterlD.p; in Bt 
. I!.lcatteriD.g ~n Be 

;; 0.,35 

';';: 0052 

The values 111 fable I I are taken from MUC-BJIG... 70 As a rough 

guess we take 0-,,(:81) : (1i(Be) to have an effective value of 1.6 

in the slowing down range; thus 

Neutron Energ;y 

resonance 

OGl MmV 

1 J.mv 
3' MEV, 

in tiM 8 range' 

!able II 
'\I 

<Ts(Be) 

'6 

4,,5 

2~9 

2 

!~attering i~ l:l! 
scattering in Be 

.I 
--~---.-" 

Q8(Bl) I 08(B1) .;.. Gi(Bol 

9 105 

100 5 2.34 
5,,3 1.~3 

6,,2 3,,1 
;, 

O~37 

I An age of 115 at /,J ;:: 1.85 increases to 119 at to: 1.829 and Upon . . 
admi.xing 131 as assumed above this is furthe: multiplied b.1 rt,to l'each 

a vtl.lue of -347" In the abeenee of a better calCUla.tion we 8hall usa 

this value 'for the age in the, pile. 

." . .: ..... ~ .\ ·~5.·:;r~: r.,t~~f~. 
,~ ~\~'. ' ; 1~.::~:1:~~; 

,""",.,, ., 

~,,,  
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S111l11arl.1the value of 557 om2 for L2 in pure Be of P, = 1~S2 
1 s nm.l tip11ed 'til" It. to 'becom.e 1085 cm2 in the Be = :at 

1.35 z 1b52 
mixture., 1D. pan1ng froll room temperature to SD. abBOlute temperature 

3, times 8S great (about 6000 C) the 'Yslue or L2 1. further multip11ed 

b7 \(3-'0 become 1SSO cm2., 

3. ~!!!' Sl S! 

Oonsldero for examplee a pllacontaining.3QOO Be atom.s for ~ach 

atom of 2,u fhen _'!.t , il ::: 0" ~c 
tit; e abe in Be :: 6'" 0 &be in 2)" 

abe in B1 :; 
"'i."f)8={n =zr 2 ., l~& and for Jl. in such a.' m1 xture we have ' 

1880 =t~t _ :: 141 cm2 ., The loes •• Just described amount to g"l~. 

we shall a86UJ1le a value of 2" 135' fo'r k 9 wh1chamounte to 1nCl".e~8tng the 

108se8 b,y 1. 5~ (2,,135 :: ~{:~)o . tilth thellle 'f'8luee the solUtion 0:(' 

1 + 7aL2 = ~,-lrr 1e B :: 16 x 10-4 ~ (004)29 so that the radiu, 

of a bare spherical pile 16 ~ : ,18u5 C1n. Fel' a ba,re cTH.ndel' 

of minimum volume' file height 18 136 cm and the radius 18 73,,6 CIllo 
, . 

this gives a pile volume of 2 0 3111 3 , a B0 wel/",ht of 2,,1 tons p and" 

calla for 18 kg of 23" 

40 Reat Ou: tI!~ 
The total crolls-Iection area of the B1 ducts 1:0. such a 

uniform pile is 8500 cm2
e and at a velocitT of 2 lIeter~ per secoxMi 

the total flow 18 101 :It 106 =! ~he heat capacIty of Bl is 
A cal 

toe ~ OA36 (physlcial d.pta on Bf 18 tAken largely from ep-3(61) 'deg eni3s 

80 that if the averBP,e temper~ture rise 1e 1000 0 (temperature rise 

a.lon~ central stream :: 232°) we find a hea.t output of 6.1 x 101 *" or 

255\1 000 kw~ which a:nounta to Ih,200 lew per kg of 230 
., 
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If the 23 11 contained ill. Be plate. of l4mm thickness the total 

~fe.ee of the p~ate8 is 5,,8 x 106 cm2 
e 80 that the average heat n1U 

troll! the, Be surface 18 100 5 ~ ,'" '!'he maximum heat flux 1s 3.64 
cmC. sec 

I ' 
times this!) or about 38' .,.. cal from a plate at tbe center of the 

c;;' sec 
pile.,. 

We imagine .ach .. BlPl plate to comprise t'.IrQ 2 mm plates with the 
" 

,!1ss1onlng liquid held in a tMn lqer between the. a8' i.a.d1cated in 

fig, l? 'rheA the d1 stance 

"".d".' ,vl'''j (u .. I 
co 01 1».g I 1\ I oool1Dg liquid ' I ,liquid 

Be i Be II Be : 

r~-' 

Be, 
:, 
J 

,,~..,\ ;"'i 
1 

. ...., ........ ~. i L 
fiDeloAing liquId 

r1c" 1 

the heat flows in Be 18 2 1IJIl" If the conductivi 101 of'the Be i. 

(Mon 1'=190; p 4, 1" 10; reference No" 45 ,on p 24; Swnmal7; p'22. 

, p= 162) O~ 2 b. cgs""calorie unitss the maxinrwn t~erature drop in the 

plates 18 about 1400 aud the corre6pond1ng value' of e (Man 1'",,190; 

p 6 - Se 10) 1s 20°0 

50 ~eat Transfer 
. ) 

The temperature drop between the plate and the B1 stream i& 

!Somewhat 1l.Uoerta.in (Summary p 10~ 91; Mon p=1479 P 26-290 12"'14; 

CF-3582" p 42~ CK=2131o P 26)" If we apllll' the u6ual turbulent 

",~,~;~~~;~~l~~<j;:'~;" 
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con~ect10n formula we get a heat transfer coefficient 

Gog 
h : II D-2' 

where G l1a lDaas velocl t;ru D 18 ,41 ametaro' and H 1a a constaDt which 

(CP-3061 o p 6) for Bl at 5000 baa a value 5 % 10-3 in c~&=calor1e 

UD1tu u With G :: 9,6 % 200 and D : .S ems t.hie e:tTee h = 2025 SO 

\hat the 1I8.:I1mu:m "fUm drop" wonld be.& : 1-,0" 

!h18ValU& of 170 ie probab1;r too lowo A calculation l18de, 

b;r ICarueh (CP-}28ge Mon 1'-147_ p72·'74; 0'-27960 p25) for Bl BUgge(;t'8 

doubling the value to get 340.' '1actor. 1ID8l1er thaD 2 have also been 

8Ugge8te~ (OF ... }582.. p 42) <> 

.AD. overeat1mate tor the temperature drop i8' gotten b;r imagining 

the heat coming 1nto the stream to flov thru etatiolla17 B1 for a d18t-

(1) 

snce equal to i the thickness of the stream" !bie givea h= .... ~4 :: 004. 
.1 ' 

wherein 0,,04 18 the thermal conductlTit7 of B1; and the corresponding 

temperature, drop 1s ~ :: 9rf" 
'" 

Another consideration which ~ be made 1s that. an. a'Yerage 

value for the 8~ d1ffuion coefficient 1n a nat stream ofthickneee 

2& and ve100it7 V 11 given (CP-j041.Mon p ... 147i p 70) b7 E ::: 0.1, a Y 

, fi 0 where (ego McAdamse Heat fransmisdono p 119) f 1s the Fanning 
I 

friction factorn Taking the vi Bcosit7 fi of Bi to be 00012 poise; we 

have for the .Reynolds number in the present case a value EVe::l o } % 105• 
, . 2 ~ 

the value of 'f 1s then (McAdamee p118) about L07) 80 that E comes out 

to be 0,,28, This is equivalent to an ed~ thermal conduct1rtt7 Ei) C .. 

0,,1; since this 18 2.5 times the molecular t~ermal conductirtt7 it 
\ 
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appears that the above Talue of 95° ID&1' be two or three ttmes too large. 

Work 1s currentl,. tn progress on he::..t transfer to liquid metale 

at ArgoDlle (ct talkb7 Zlnn at Octoberp 1946u Informatioa Meeting at 

CllDtoD; aDd lecture b,. Mo BovlCk on Feb. 11, 19410 to' tbe Pile 
- I 

!i!eclm.oloq c1a8s), a" 011ntoD (Ro Iqon), ad at Dow Chemtcal 00" 

!!!:e.8UJ'e Dm" 

!he p.reeS'lU'e drop along a. stream Ie g.i.ftJl in ~c tlD.lte ~T 

-2 
- Q'" k. -!L - 0.,0;;1" p u . 

01 .08 
iiI:2 (2) 

W1 th the DUllerical .,.alues used pre'1"1olls1y .(2) com •• out to b. 4270 

4:yI:.GS/cm'lI anci over a lenP,tb of 136 em the pre88'CU'8 difterence is tDe 

5.,8 Jt 1<;15 dyae./cfll or Oo~8 atmospherelw !he power reqa1red to ~t1JIlp 

1,,1 x 106 cr/J/lflJC thl'o. such aprassure dlffer8Dce Is '100 Kv; 1f the 

11.ov 1s .'hrottledover the pile CrosB-sectioll so' as to keep the temp-
It 

erature rise ever~erethe s&mep the total flow rate and the power 

ezpendlture are both dlY1ded b7 2.30 On the other hands the addlUolla! 

preesure drop 1n the reflactors plplDCo heat excha:oger,o etc. outside 
\ the pile p~er '11111 80mewhat increase ~he pllllping power" _ 

1 " !! • s:!"a.lng Li sy:! ~ 

It 1& llOt kno'lA Ju,et'4'hat. thia Uquid. 1Il1P.ht be" Some search 

for 10".....mel tug alloye contaia.ln.g U 01' 'l' h haa been UD.Bucces8ful' 

(Sum.ma.l7D p,10. C!l!=-3726)& but 1s being continued by Brewer at. Calif-

ornia and stmilar work 18 getting under way at Mol.'!'. (C!l!=35130 p ~O; 

CT" 3602. P 11; CT-3619~ p 1; 0!i!-3650& p 12 and 12-a)., A 'llUR~e8tton 

.. 

~l :t.i..'",:,,~~~, 
•• , ,.... w ~~_ ~,,,'! t 

.' 

.. 

4 
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may ~rhap8 be gained from the Itory that Brewer has obtained 

solub111ty of V In liquid Pb with a small amount of Nao 

A8B'WIll:a.g 25 Pb atoms (.dt,h absorpUon<r :: 0015 ~) for each 23 

atom R'1T88 a neutron loss to the Pb of o~ 151>.. If Bl 081\ be used 

with or 111. place of Pb the melting point and Aeutron 1088 would b~' 

1owered9 and gr~ater dilution of tbe 2) would be pc •• ible (8 •• 

aeetloD. 11). 

To get an •• ~i_te for the thlcka.ss of the fiee1oll1ag 1a;vllr ,-
we assume that the 18 kg of 23 18 present in 1ioo kg, of liquid of 

density 10~ glrtD& e. '901ume of 1&. z. 104 eml " !rb1e 18 tlprea4 OTel' a 
6 '2 . 

surface of 2.9 x 10 em s 80 t.hat the thic1m •• s would be about 
I 

1.4 x 10 ... 2 em which 18 of capillary d111\ells10na" 

The :r ange r of fiseion fr~entB tn matter of denelt110 

18 around 5 z 10-4cm, and the number emerging from a surfa.ce ~f a 

un1f'ol'fll li.sioning elab 18 (eg. t-mC-GY-20) eqUal to the number produced 

in a 1~er of thickness r/4~ Tbas even with the fla810ntn~ liquid 

epread as thiDlT as est1mated above. the fraction of ~he il asiOD 

'produots recoillng ,into em.oo~h walle 11. olll,- i:'- oX ~~-:: 0; arolUld 
J 

t!%.. this traction nll, of course. be greater if t~ere ts 8DI' 

adsorption or conc~traUo'Q. of 23 at 'he 1I01id-Uquld interfaces 

or if the walls are roUt~" 

Accordinp, to Setts the solubIlity of heav.y noble gases 

\ such aa Xe ma.v be expected to amount <.t a partial pressure ot 

1 atmosphere) to aD atomic fraction of 10-5 or le8s tn metal so 

The absorption cross-section of Xe135 1 S lome 5000 ttmes that of 

230 and hence thie Xe causes a neu t roo. los fS o:f l~ if it. 18 pre8en~ 

to the extent of 2 z 10-6 a.tomsper atom of 23 or ( If the 23 has 

8A atomic dilution of' 20 in the f1eslqning liquid) 10"'7 atoms o~ 

~'..
.~~'1;' .. . 

":;~~' .. J7"~:1.'3"~~. <r ~ .. ': ' 

" ))~'l. ~ .. r~"~ ~:y! ~~!S>~A·:t.'!. ~. ~,¥.~ 
~.' !"', .~.'~t ,.,;~J'. ' 
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Xe per atom of the f1ss1on1ng mixtureo . TAUB at a partial pressure 

of lO ... 2atmoephere of Xe1 35 abaTe the U.quid metal we should ex:pe\lt 

t~G Xe to be soluble to th~ extent of causing l~ neutron 10889 At 

~ 

2509000 Jar the amoWlt of 23 nestoned per' day 1. 250 g or abou' 1 mol. e 

8D.d ,the daily amount of xel35 produced" i8 about 0.06 moL Since the 

]'.8135 radio-aot1ve l1fe~1Jle 18 about 14 hovs$ there ~uld be abou" 

0 .. 035 mol present if it were all decqing outside the pUs; at one 

atllOsphere tMe would OOCUP7 0.8 li ters.aad to reduce the partial 
, \ 

pressure to O~Ol atmoaphere it auffices to proTide an empty spaceu 

of ,,05 m30 BoweTer. the Xe 1 s produced inslde the pHe and (MtJ'C ... JPW·~ 

1341) p 22-23) must get out in a ml'nu~. or so if ita neutron capture 

16 to be avoided; 1. t pl'Obabl,. will not do this naturally in tlle 

aat'r~\f(;t).nf1nesof the f1ss1011ing 1B7er8. and INQ' Aaed to 'tie aided 

8Olnehowo One hal a cone1derab1, longer time durIng ~h1Ch the parent 
\ 

10d1ne m~ be removed. if some way of c101A~ ihie 18 aTailable .. 

A considerable fraction of the finion product cha1ns include 

noble gaR'membere. and ~f these could be swept out H would help 111. 
• 

t.he ellmiJlat10n of fies1a produ.c:ta froll the pl1e~ see various 

d,1scuBsloAB which wen ~1Y'8D in the Clint.on 5tucll" of homogeneous 

solutio" pl1es (eg. CL-P-l&06).. Others of the prodncts ml~)lt 

'\ 

.There are. of coura6. Xe 1eotope~ ot.her than Xe135 
Which,are produced in f18SioAo 

•• It appe~rs (MUC-EP\f-10l; Mon T-221) that actl"18ted 
charcoal ID8l' be hundreds of times as effectiTf) in 
absorbing Ke as a like volUJRe 9f empt7 apace., 

 
,.~~ , 
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precipitate out of the liquid and tend to be separable because of 
\ 

density differences, though many might remain in the liquid or adhere 

to the walls~ III pro,?eso1:nr: the liquid 80me products might be 

evaporated out by heat1ng& or frozen out by cooling. Evidently. 

puzifylng 8Uch a dangerously radio-active liquid and removing 

.fission products w~ich deposit on 'he pile walls conBtitute major 

probl8'IDs; probabll the llqald metal carrier (Pb etc) would be eventu ... 

8117 discarded with theflssion prodncts b and only the 23 saved br 
, -

.alvent extraction etc. methode for re-uae 1n the pile" 

The effect of the fileion products on the thermal conductivltYD ~ 

v11cosltYe U aolub111t7. vall attaCk. stcn of the liquid mixture 

v111., of courtle~ need investigation" . 

We will return later (aection 11) to the mechanlc~ d18-

adva:ntRges of having the flss10nlng U.quid in BUch thin la.rer8~ 

go ~·.alil1LLisu:1~" 

There are about 11 tOilS of :Bi in the pile properi probably 
\ 

the total 1n the entire Gystea would be nearer 100 ton8b At a cost 

of one dollar for 1 lb. (figure quoted., in Handbook: of Chemiotry and 

Ph,ys1ce) thie amount. to $200&000,& or au investment ot $;.20 per 

mechanical kw (auuming an engine efficienoy of 251') h 

In the 'Dresent. nl8.1'1t about 280 g or 1,,2 111014 at 2; are de8t~78il 

per day" With '2$ as II18D.7 neutrons being captured in Bill the 

production of Po is about 204 x 10-2 mole or 5 g per d~o Since the 

/ 

lifetime of Po 18 200 daye~ 'ITa see that the plpt ma1nta1ne 1 kg of 

Po in enstence. If this amount 18 present in 100 tons of B1 the 

concentration of Po 18 1 part. in 105~ It m~ be remarked ~hat 1 kg 

\ ~. -
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of Po generates about 140 lat of heat.. . 

A. kg of Po amoURts t.o 107 ]I: 1017 disintegratIons per •• coIl4 .. 
J 

. Morgan (Tolerance and Permisllble Oonoen1ioratlon of Polonium 1n the 

Water aad AiI'D 10/6/45; 'oleranee Value. for Polonium, 12-20-45) 
es1iolmatee 1iohe tolerance level of Po in air which is continuall,. 

breathed b7 peopls to be 17 dls per Bee per cu.b10 meter. Ilhua if all 

.he Po proclueed were UD.lf'0l'SD17 dlaper.ed In aII'D the above plant would 

u.lnta1D. lOl~ .; ·of all' at a near-cUmgel'OU8 level ot actint7: tMs 

- aaounts to all the air above the Untied States to. a heIght of OoS 

1I1leQ 

, . i, . 
Of COUT'se. lmpreae1ve amounts of' radlo-actIvit,. are produced 

, 
In aD.7 major pile operA.t1~n, and the problem Is larl!!e17 one of 

successf'up, confining the active materIal.. In tb1e reSpect (LWIl 

12/16/46; 4e Bensdettl) the Po problem mBy not be 80 different from 

that encountered in other casee; e~. radio-actinty in a lila cool~nt. 

or t~sB1on products in high preesv8 h;e!1u as in the Daniels' pile .. 

All lnqui17 (CL-GY-3) to the Dayton pro3ect regardIng the 

tendeuq' of Po to escape from molt. Bl has reeievea 'the follonng 
, , 

repl1 (1/23/47): 

"'At one tim80 part of \the routine opera.tion consisted 01.' 

mel tlAg blmmth containing approxlmatel.,. 2 lIle of poloniwn 

pel' gram of bIsmuth and running the molten bismuth 

through. SIlallorifice.into cold watero For this 

p~ose an electrically heated stainless steel furnace 

was found au1tablso 'the 10B8 of polonium, while _all o 

vas believed. to substantially contribute to the hlgh 
,.. ." .... 1~.>.' ""- ... 0;" J~;r~~ , " 
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V.velof contamination generally en stp.nt at that time. 

Since the operat'1oll was abaudoned 80me time ago& DO 

fUl'''thel''conslderation has been gl'fen to the problem. 

At present, work 18 in proq •• s on the Tapor 

pressure of pure polonium o As yet no TApor presSW"e 

measuremsnts have 'been made on all078 or mb::ture.o 

, . 
So fez as we mow, the polonium appears to be eoluble 

in molten bleauth In the concentrations menUoned aboTe~ D 

·The concentration quoted here 18 one (1) parte.f Po 111 2Q 3 .s. 106 parte 

of' Bto or about 4~ of the concentration estimated above for the 

coolant of the present pl1e o Evtd.enU;r open air operations with 

such llquid. are not recommended, and attention should be _paid to 

lteoplnp, the BTII'tAm t1~to Electro-llagAeUc 1eakless pump. 

(Summary.p 11; Dow Obemical 00; current VON 'at Argonne) JD8,1 be 

ad.,antageou8 I in this respect. If submerged so114. parts are unloaded 

from tbe Bt' ~th it ma;v be necessary to do this thl"Ougb vapor l09ksg 

8crubblnp, chambers. etc. 

There seems to be a report (LA~604) OD p~61cal propertle5 
----~~ 

, of POe but, we bave not succeeded to get hold of· th1$~ LUll (12/16/,46) 
, 

remarks that. t.he recovery and isolation of Po from :a1 1 s 'done by a' 

simple processo 

9.. Breeding 1osee&,o 

fhe 10a.8s due t.o neutron capture in :ae»' :&1. ~ Pb as es.t:lmated 

earlier are repeated in Table III~ 

While t.he above discussion of Xe solubility and related 

it,ems does not sup"o;est, that it will be easy to get rid of ·the 
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Xe o the fluid1 ty of th~ system givss U8 at least a fle;b.t1n~ chance 

to do somethIng about it. Thus instead of the usual (ep. Mon P';"l90o 

sectiOJl 6) Talus of rf, for the Xe -I- 8m 1088. we shall he~ aS8nmB 

that 1 t will be possible to reduce' thi e to eq 3'f,,,. 

As regards tbe rest of the fission products, we ahall hel'8 

merely alswns them to reprseeAt an average (CJ.,..LCN~1; Man P-l~O. 

sectioD 6; OL-GY-l)cr08s-eect1on of 50 barns per tl1S10D. or 4; 
barns for atom of 23 destroyed. and pi-oceAd as in the referenoA6 

Just cIt~d~ Presumab17 1n the presen~ s7stem there vill be a 

cont1nuouefssdof c3 to keep the amount in the pile cODstant: and 

we l~ine the flBs10n1n~ liquid to be periodical17 purified in a 

batch to remove the fission productlo Let the amount of 23 
, 

destroyed in the pile between purificatioDs be a fraction f of 

the constant amount'PHeent. in the p11eo 0 : fraction of the 23 

lost. in the purificp.tion processg and p z ~ :: 0009 the rat1~ 

of the croes=sectlon of the flsslon products resulting from a 

capture to the cross=section of the 23 atom before the capture 

occurred.. Then (Mon P-l90o P 12; C~GY-lo p 7> the bre6ding lOBS 18 

. 
- C +E_ L-7 -Z-o 

vi th & minimum value g1 yen by 

f~ :J;~ p p 

(3) 

(4) 

With C : O.5~ and the other values as above we find t = 1/3 and 

L 'fg~e thie latter valu~ being equall;;r divided betweGll poisoning 

and purification 10888$0 
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The.e ?arloue 108sea are eAoWD in Table lIto Besides ihe 

items mentioned here there remain for con.tderation the capture 

!a.ble lIt 

Be 6 ~ 

.B1 201 

Pb O.S 

XetSm 3 .. 0 

Other tieeion products 105 

Pur1 f1 cation In5 

fotal 14 .. 9 if, 

product. or hea'7 isotopes (CL-RWS=31L the 10s.e. in pile controlse 

and the lones tn the thorium braedin" blaDkei around the pile 

(Mon p .. l90. aeeUon S; CJ:....RW5-3l; curren' work b;,. Go ert sel and 

Householder)!} A8 seen from Table 10 the sum of all the losses 

muet be lese than 34~ if the breeding ratl0 g ~ .." "" 1 "" lo·ss.e 

is to exceed uii1tlo It It ,i81e88 thanl the plant would opera.te 

as a ·~ter pile" giving power corresponding t.o ,.1 = tlmes the 

amount of 23 fuel ted to 1t; 1t could B1milar17 operate OD 25 

feed. but with a lSomewhat smaller value of g .. 

100 Miscellaneous" 
~r ........ 

Each atom of 23 in this pile 1s associated '11th 3000 atom. 

of Be and 700 atoll. of Bt (.Q9t to mention some 25 atoms of l?b used 

in the particular flBBioAln~ liquid mentioned)" For each gram of 

) 

 .~.' •• l.J.\.X'*''''',,:J;-~ 
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2) thi s amount s to a ~eat. 

and 20 ~al= in the :Bin sg 

cal capacity of about 70 -creg- In the Be 

Tbeheat output 10 6,,1 It 107 ={~-B 

or 3400 cal pe~ f'ec for each gram of 23<> Thus If the cooling 

clrcw.ation should stop .the rate of temperA.ture :riS8 would be 

j!!QQ :: JS 0/ sec on the avor~. or 3" 64 ~ 33 : 1110 o/sec at 90 . 
the center of the pile" It t.he cO'olant should suddenly be 108t 

~-";,, "'" 

from. the pile the ID1tlal rates of r18e would be larger b7 a factor 

ot 9/7. . 

The above assumes that t.he fI88101111&,9; liquid ms1ntatn8 1t_ 
I 

thermal contact with the Be wall s; 1 f 1 t should get insulated from 

'hese by a gas fUm Its telllperature would r1s8 more than a hundred 

times faster. !hue the flssionlng liquid Bhould rellab17 yet the 

walls" The total amount of fission product gases formed 1s 

cons1derabl;r greater than will dissolve In the liquid metal and 

and It JDB¥ be desirable .to talee steps to vent these; the 71eld 

of permanent noble gas atoms (moetly Xe) is around 0.15 per fission t 

and thus ..,hen 0,,3 of the 23 haa f1ss1oned there are 0005 such gas 

atome per 23 atolD o.r about 2 To; 10-3 gas atom. per Pb atom.. Thus 1 t 

appears that there ms,y be problema connected. with gas phase 

formationo bubbles. etc. in tbe ftaaioning liquid: perhaps this 

l1Clu1d. vitl need to be slowly Circulated ( e8.7 by natural convection) 

through the outer par.te of' the pile where it can be degassed.~ heated 

or coolede precipitates 8eparatedij etc., If it has to be taken 

outside the acUve part of the pHe f'or this purposeo there will be 

an add! ttonal holdUp of 230 

r " ~ 
's,,,; . 
" " 
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~~£  
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ThG IIplate" arrang_en" pictured above should perhaps not be 

taken too 1iteral179 and various mechanical alternates can be 

considereds For examples Fig~ 2 shovs a hollow pipe arrangement 

" J'1go 2 

with the cooline; stresme flowing inside the pipes and the fission1u~ 

11~id in the 1nt8rst1088 between the plpesQ In Fig. 2 the 

f18s1onlng liquid occupies about ~ of the total volume, whereas 

wl th the previous Jl\1II1bere 1 t should occ'Up7 only about t$: thus 

the round p1pe arl"angement should perhaps be modified to hexagonal 

pipes as indicated in Fig., 3. A Tariety of such :Be shapes have 

been fabricated (Swruitar,y, p 21.22). but the construction of such tl 

t1p,ht :Be heat 8xclumger structure 1s doubtleaa .. difficult problem. 

fig" 3 doee DOt aho'l1 the ribe which would be needed to epace and support 

" 
''':''''. 

Fig" 3 :.-";i.. .,.., . 
.i# • ,. : .... 
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the hexagoll.s b 

Besides reducing the neut~on 10sse9o elimination of xe135 is 

desirable. to avoid Blak1n~ the pile dead after shutdown. and ot.her 

reactiv1ty effects (Summar.vo p 598 629 63& .67)~ 

Use of " reflector around the pll,8 will reduce the amount of 

23 needed e.D4 increase the averalte heat outpllt per ... 1' aJIlO'Wl' of 
<=> 

230 On the ot.her haao.. taking 1nto account the neutron 108S88. i.a 

fission products, pile controle. etc will decrease It and increase 

the amount of 23 neededc 

It has been suggested (Friedman) that a horizontal arrangement 

might reduce the hazard of the fis8ionable material settling to the 

bottom of the pile if it came out of solutlono 

Be metal the~l piles cooled with Na=K all07 are being 

conSidered at Argonne (ANL""WUZ=55; A:~L-RGS-12h 1n theBe calcula.tions 

Sachs usee 5,,9 b for the thermal transport Cro8S- sectlon of Be .. 

110 Rerlsed Sketcbo -
~e thickne88 of 1.4 ::. 10-2 em tor the nas10nlng 11qttld 

.treame '11th which we came out in section 7 1s 80 small &s .. to seem 

quite u:nreasonable In practice because of luaccuracies in fabJ'ication. 

possible growth (Johnson) of alloy layers or dlsso1Ylng aWBJ of !eo 

or slight change. generally. It therefore seems preferable to give 

the 23 an appreciably greater dl1utlon& and we ehall consider the 

thickness of the fi.s10nin~ layers to be increased to 1 mm while 

':, 

~- ~-"-~~: ~-".: .. : ~j;. . '";,:'" 
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tbe thickness of the cooliA-g streams 1 s decreased to 3 nlmo ~'1e 

1magine the 23 to be dissolved in essentiall,. 1310 so that of the 

entire 131 in the pile i 1s devoted to holding tho 23 and 3/4 to 

coo11ng~ Under these conditions the 23 is diluted about 175 ,atoms 

to 1 in ite liquid matrlxe instead of about 25 to 1 as before., 

Proaumablr 8O~e additional Ingredients (Pb, la, etco) will be 

needed in'the 131 to dissolve the 23~ but effon would be made to 

keep the neutron absorption in these small while attaining 

the desired eClub111tT (about 006 atomic ~) -

Reduction 111: dimension of tbe cooling streams would IlUlttply 

-the power output by 3/4 to dve some 101>600 kv per kg of 239' for 

the Game coolant speAd I'lD.d temperature rtse o The hAl\t transfer 

coefficient tl1ll be somewhat better for the thinner streams. 
. - 1 2 

The pressure drop will be multiplied bl (4/3)· : lb 4l to 

become O.82a.tmoepheres o and pumping pover for the pile proper 1»7-

1,,41 % 3/4 :: 1"06,, 

The gae di.solving power ot the flsalonln~ liquid 1s 
. - , 

IIR1l t1 p1t ad by about. 70 and so a1 so wuld the I tree space" 

requirement as ee.tiJllated ,1n section 7 ~ The heat _ capacl tT of 

the flss10nlng liquid 1s also mult1plied bT this 8sme factoro 

'the :flssioning liquid now occupies 12. 5~ of the total 

volume9 wh1ch 1s attained 1n F1~" 2 with the C1linders sl1ght17 

aeparated o 

,.'::~'.',.,/: <.'i~:,{:i~;r.{:,\ 
~ 

~'l~';~~'Y:;:: ,,: 



.' 

~ 

... ~;~~~:[~~~~.~t~ ~. ;:)~~~{:;;"i~l: !:~: 
t~·:ii;..iT~;d,~l·f.'" ,~~l 

... 19 ,.. 
 

~ryf;\'~;~;; '.' :., ., ' , 

12. ~~!Earis.oD. wl·th Fast Pi!.!" 

1'ho same sort of two-liqu.id arran~ement is also considered, 

tor fast piles or for mixed fast and slow piles (Moll P ... 2?O~ 

pp 32-,4)~ with perhaps Fe replac1n~ Be as ~hA material keeping 

the two 11 qui de separll,ted. 

Ilhe dilution of the fissionable material 1 s much lO'Aler 

1n faIt piles" i'hus the thermal pile 'lie have 3U8t bAeD. d18cu~:;lng. 

8Jld the faet piles be1t\g stu.d1ed by Menke (who coes to ~usuall:l 
h1~ <ll;lut1on B,S compared tJlith other fast pile,S such as 0)'-3107) p , 

contrast- somewhat as IndIcated in Table IV.. !he Awnbemquoted 

for the fast pile (or the fast co~e of a mixed pile) are 

'.lable IV 

Relative Atomic Bumbers 

Material 'l'hermal .P1l e Fast Pile 

23 1 .' 1 
FieaionlD.g l1Clu1d 115 15 
Be or )'e separa.ting valls, 3000 7 
cooli.a.g liquid . 525 15 

total atomiC dilution 3100 37 
-.. - .. ---

somewhat aketchl' and are giTeD. ma1nl;y b, YB.Y' of illustratIon .. 

Thus an order of ~itude greater solubt11t7 1 s desired 

for the f1ss1onln~ liquid in the fast pile; if the fast pile 

were less dtlute as a whole. or if ODe attempt~ to increase the 

of coo11Dp, liquid at the expense of the f1seonable l1quld& stl11' 

higher 110 1 ubi 11 th~s are called for. On the other hand, the 

,-,C
~,~J~''''-'''' :4~" 
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the .ftsa1on1ng Uquid 1n the t~ennal pile was assumed to be 

largei7 111~ while a greater freed.om of choice of materials 

existe 1n the fa'st case. If true liquid solut10n~ with the 

desired compositions can,not be found. 1t m~ be nAcessary 

to consider semI-liquid elurr1eso,8tc~ 

Boughl.;y speak1nlt. the heat cap"clt7 of the thermal pUe 

per un1 t amount of 23 1 s 100 t1m.a that of the ,fast pile. for 

the heat capacity of the pile minus coolIng liquid'the ratio 

is 140~ and for the f16s1onlD.~ liquid 1t 18 12~ 

IJQ PostscriEt Sec~lon 
, 

Since the previous sect10n8 vere wrItten a tew more 

references haYe become available. The AaV7 pile being 

studied b;y Go E~ is delcrlbed in a memo b,y Rtckoveru"Report 

on Conferences ~lth General Electric OompaQJ on Nuclear Power 

DeTelopments" dated 1/30/47~ The fast and mixed plIes being 

studied. by Menk~ are desoribed 111. a Pile Technolo.:!7 lecture 

P,iTen 117 him on 3/4/47" 

_ '-t •• , < 

A more receJlt ~i .. I. 'I. report CT-3'718 r.t"f'es the' solubility 

of U in ?ure 131 aud in pure Al ae 'functions of temperAture, the 

solubility of 0.6 atomic percent assamed above (p IS) 1s attained 

in pure Bl 'for temperatures greAter than about 4600 Co A note 

rece1Ted from Brewer (MB-LB-165) tells th9.t the 11 quid metPl.l '.iork 

1s not b~1Jle; pursued at California at presflnt beCAuse of lack of 

manpotJlero but may be reT1Yed to 80me extent in the neFtI' future. 

CL-GY ... 4 ment1o~8 the importance of liquids with high atomic 
I 

density for fast piles; e,,~ Al 

Na or 1310 




