
• 

t, , 
\;.. 

"(: 

,~ 

" 

Per Letter I nstructlons Of 

-:>. ,~ - '>" ~ -
~~~»S>%\~ C'l''">962 ~ to,~ 

""'I, 
far. I. 1. Bray, SIJIMII'­

\,aIJarIl1IJ ........ /.' ; ./ i ! .. I, 

~". " .' •• ',: '..r:"';,~ ., ~' .-

'\ 

METALLURGICllL PROJE.CT 

A .. HQ Compton, Project Director 

.* ""rio ~*' 

Metallurgical Labol"'atory 

So Ko Allison, Director 

* * .;~ 

TECHNOLOGIC1~ RESEl\RCH P-9 Studies Section 

C .. M .. Cooper, Division Director; Ii 0, C. Vernon~. Section Chief' 

.. :t- - * i~ 

RE~9~R~ FOR MONTH ENDING ~~TmiIBER 28 2 194,2 

"";,:;/""- ____ 1; d '. ,:J.L ~ 
r' J ;i.l: ~ "I: lh.;::: 

\-:'1*1 ~. ~. ), . .,\ .. '~ ~ , n ~n""" ,.~"~ ;:",:"Y-ij't,.' _ ~.~ -~~ 

iOIi 
QI1> 

\:' . ~.. .. ~ - ~ , . '" " 

-l~' ' ..... '* .. : ~ 

( 

Per Letter 'nstructions Of 
_::>- ,);> - '0""> ~ -

1 / 

/; 
I 

! 

/i '\ 
f 

! 
METALLURGICi\L PROJE.CT -/ 

A .. H. Compton, Project Director 

Metallurgical Lubol"atory 

s~ K. Allison, Director 

TECHlmLOGICAL RESEiillCH P-9 Studies Section 

C" M .. Cooper, Division Director; Ii., C. Vernonjl' Section Chief' 

~, Ii ' ... Jot. ~ 

~~~.;-:-, -;J ~~):!' ,,;," lh.-:: 
- iOIl 

S$l> 



, ,. 

TABLE OF CONTENTS 

SECTION Page 

A 0 IN TRO DO eTlON <> 00." • 0 D .. ~ 0 •• <I • /) ••• fI .. • .. G • <0 /) • ., 9: 0 .. 0 ,. •• It ...... ~ "Ii' 0> ••• / ...... 0: 1 

B... ABSTR:A.C~C 0: • ., • eo •• .0 I) ....... , ... 0 ... a ........ 0 ..... ~ .. co ............. fI • 0 0 •• " 1''' ,... 0. 2 

CO PROCESS GROUP - J. Ho Chapin, Group Leader 

Summary and Concluslonsod •••• _ •••••• 6o •• o •••• o •• o~ ••• 3 

I P~9 Utilization in Homogeneous Pileo •••••• ~ ••.•••••••• oo4 

II Na.tural ~4a.ximum Size of Homogeneous Pile ..... 0" ........... 6 

III Thermal Syphon for Heat Removal.~.o ••••••••••.•.•••••• 7 

IV SeparatJ.on of Solids from Slurry."" <0 Ob ................. 9 

V Shielding~oo •• ~~6~.oo.4 ••• Q~o •••• o •••••• o~ •••••• o.~.~ •• 11 

Do APPLICATION GROUP - J", R" Huf~an, Group Leader 

Summary and Conclusions.4" .......... o.oo~ •••••••••••• 12 

I b1gineering Experimental Program for Homogeneous 
Pile 0; .... 11 .. 0 II 0 ~ ... 0 0 • ,. .... II •• 00 0 ~ • 4: ~ • 0 0 .0 .... eo ..... tt ... 4 •• ito .c, • 0 *' ;; 15 

~ Heat RemovB.l from Experimental Heterogeneous Pile" ...... 14 

III Heterogeneous P-9 Pile t:lodel* _ ..... ~ ••••••• 00 .... " a. ......... 15 

IV Aluminum Weldingo., ... • " .... 0' «I Q. ~ 00." •• (I 1> .. 0 0 ~ 0 00 ••• <I" ~. 9 <1015 

, 

;0.,1'- ------

~-.-;;;;;' .. 

.. ~ -'~ 
, -p,., .",' . 
\ \7~~ " ___ 
~. 

, , 

TABLE OF CONTIl~ TS 

SECTION Page 

A 0 n~ TRODU eTlON 0. 00.0 ... 0; • ~ 0 ~ • ~ ....... -0 " • ,. 0- • '0 0 • c.t /Of .0 _ ...... a- ... ~ <It> 0 ••• /0 • <0 ... '01 

Be ABSTRACT 0' ••• 0 • " • I) ••••• " ... G •• Ct ...... 4) •• II C • 0 .. It 0: ., .•• " • $I • 6 a •• III if" ". 0; 2 

c. PROCESS GROUP - J. H~ Chapin, Group Leader 

I P~9 Utilization in Homogeneous Pileo.4 .................... o4 

II Natural r~a.ximum. Size of Homogeneous Pileo. 0 •• "." •••••••• 6 

IV Separation of Solids from Slurry." 0 ........................ 9 

Dc> APPLICATION GROUP - J 0 R .. Hufr~an, Group Leader 

I :Engineering Experl.mental Program for HOID.ogf>..neous 
Pile 0. ... 0' 0 4 0 0 Q 0 • 0 0 ...... '" •• II 0 ~ -: .. ~ '* • .0 ..... e. .... u .. <I • '*' '" -c 10 Q ilo ;15 

I~ Heat Removhl from Experimentru.Heterogeneou8 Pile ....... 14 

III Heterogeneous P-9 Pile Hodel. _~"~ •• " ................ " ...... 15 

. ~ 



" 

.. 

- 1 -

A~. InTRODUCTION 

l!,'ll1phnsiathis month has been on t.he homogeneous slurry pile 
and on ,the experinental heterogeneous P-9 pile. it. 750,000 KtV homogen­
eous pile can be built with 16 heat cxch::mgers (2000 3/S!! tubes 10 ft. 
long) with Pll external hold~up of 9-10 tons o:f P-9. The requirements 
of all experimental program have been outlined in some detail as '00 pro­
.bIems, personnel,. space, equipment Lmd power. Considerable thought has 
been given to separation processes Q Design, detailing ana procurement 
of'equipment £91' an expefimental P-9 pile is progressine rapidly~ Work 
is continuing on the general problem of shieldUlg and on the construc­
tion nf a model of the 50,.000 P-9 heterogeneous pileQ 
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A" InTRODUCTION 

J:t,'rnphnsisthis month has been on t.he homogeneous slurry pile 
and on .the eJl.,,]?erinentul heterogeneous P-9 pile. A 750,000 KW homogen­
eous pile can be built with 16 heat cxch.::mger's (:WOO B/8l! tubes 10 ft. 
long) with pn external hold-up of' 9-10 tons o~ P-9. The requirements 
of a.t'l experimental progrGm have been outlined 1n some detail as -ro pro­
.blems, personnel, space, equipment ~md power. Considerable thought hos 
been given to separation processes. Design, detailing and procurement 
of equipment fc;>r an experimental P-9 pile i{3 progressine rapid1y~ Work 
is continuing on the general problem of shieldi11g and on the construc­
tion nf a model of the 50,000 P-9 heterogeneous pile. 
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D.. ABSTRACT 

Process Group 

A 750,000 KW homo~!eneous pile hao been analyzed to 'i)rovide 
a practicD.l heo.t exchanger and pumping syst.eo for U ~!1inimum of P-9" 

\ 

A survey has been stnrtoo which shows thnt P-9 utilization 6 
increases with power extractions from a sinr,le pile, up to 5 to 6 x 10 
k .. w. and then falls off.. ' 

Studies show, that 8000 k.w./ton of P-9 may be realizod with­
out pumps (thermal ~;Yf'hon) as contr;:tsted with 10,000 with pumps, in 
pile dissipi;l,tion sizi:ls of the order of 800,000 k.w. 

Studies have b~et'l: started to outli.ne, a progra-a to investigate 
the problems in connection with ,separation of the oxide fl~' P-9 slur­
ries" 

Alm1i<,.:ation Group 

An experimental program i3 formulated to allow 3 proliminary 
design Qf a production unit. 

A surve-j of methods for 1000 k .. Wa reT1l0val from an eAl'eI'imen­
tal h~terogeneous.pile is preJented. 

The status of aluminum welding of cherrdcal process vessels 
113 covered. 

, \ 
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Bc. A!3STRACT 

Process Group 

A 750,000 KW homo;reneous pile ha~ been analyzed to 'provide 
a practical heo.t exchanger ;md pumpine system for n ::linimum of P-9" 

\ 

A survey has been stnrted which shows that P-9 utiliza.tion 6 
increases with 90wer extractions from a single pile, up to B to 6 x 10 
k .. w. and then falls off •. 

Studies show, that 8000 k.w~/ton of P-9 mny be relllizod with­
out pumps (thermal llyphon) as contrf,\sted with 10,000 with pumpE3, in 
pile dissip'Ol.tion sizi;ls of the order of 600,000 k.w. 

\ ' 

Studies have been started to QutlLne,a progra~ to investigate 
the problems ill connection wi th .separntion of the oxide fro'7- P-9 slur­
ries~ 

Application Group 

An experimental program is formulatod to allow a prpliminary 
desi~ qf a produc~ion unit. 

A surve-; of methods for 1000 l{-'l,Va removal from an eA-pe:rimen­
tal h'i'terogeneous ,pile is preJented. 

The status of aluminum welding of cherrdcal process vessels 
i-s covered~ 
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SECTION C 

• PROCESS GROUP - J 0 H. Chapin" Group Leader 

Sum.rnary und Conclusions 

A detailed invEH'.ltigation of the P-9 utilization (kw/tan P-9) 
as erfe~ted by thearrangemerit und size of heat exchangcr~ in the ex­
ternal cooling system indicates that practical requirements for a 
750,000 kw pile are: 

1.) 16 heat exchangers, 2000 5/811 tubes 12' long 
2.) 96,000 g.p .. m. cooling water 
3 .. ) 9~4 tons P-9 in extcn:iul system 
40) 20-25 Ibs~/sq.in. pressure drop 

,ll.ather formal calculations on the utilization of P-9 indi­
cate that utilizations of 50,uuu kVl/ton and pO~ler outputs' of 5,000,000 
to -5,OJO,OOO kw are theoretically the o:::>timum or maximum values, vdth 
total requir~ments of P-9 in the neighborhood of 100 tens. These yal­
culations ;,)Oillt to the desirability of requesting the fabrication of 
heat exchangers COntaining twice as' many tubes as :.lfill1.l1'actul'ed at pres­
ent .. 

Removal 0,1' heat from a 600,000 kw pile t.i1.ermal convection 
can 'PeMi t utilizations of 80JO kw/ton wi th pro~)er elevation of heat. 
exchangers 0 This figure is to be compared with i'l utiliza.tion of 10t600 
kw/ton obtained with pump circulatJ.on. 

A preliminary survey of methods of' separating the solids from 
P-9 in a slurry indicates that evaporation to dryness, distillation with 
a third component, settling and centrifuging appear the most promising 
met:lOds" Considerable study will be required bt;'fore more can be said .. 

The attack on the general problem of shielding has been broken 
down into 1) materials employed 2) construction 5) effect of'inhomogen­
eities and 4) inftuced radioactivity effects6 . Two types of shields are 
under,consideration: l} single unit of construction acting as a combined 
thermal and bioloeicalshield and 2) two units each performing its own 
function 0 The work has not reached a point where definite results can 
be reported" 

" 
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SECTION C 

, PROCESS GROUP - J" II .. Chapin" Group Leader 

SUlmnar,'r and Conclusions 

A detailed invsBt:i.gation of the P-9 utilization {kw/ton P-9} 
as effe~ted by the arrangement and size of heat exch~ger8 in the ex­
ternal cooling system indicates that practical re~uirements for a 
750,000 kw pile are: 

1.) 16 heat exchangers, 2000 ~i/811 tubes 12f long 
2.) 96 11 °00 g"p~lU. cooling water 
5.,) 9.4 tons P-9 in exten1tu system 
4u) 20-25 Ibs./sq.in. pressure drop 

,ll.ather formal calculations on the utilization of P-9 indi­
cate that utilizations of 50,000 kw/ton and pmler outputs of 5,000,000 
to -5,000,000 kw are theoretically the o:'ltimum or maximum values, ruth 
total reQuirements of P-9 in the nei~hborhood of 100 tens. These cal­
culations )0111t to the desirability of requesting the fabrication of 
heat exchangers containing twice as' many tubes as '.lanufactured at pres­
ent .. 

Removal 0,1' heat from a 600,000 kw pile b'J thermal cOl1vection 
can pe~it utilizations of 80JO kw/ton ~~th proper elevation of heat, 
exchangers. This figure is to be compared with a utilization of 10,600 
kw/ton obtained with pump circulation. 

A preliminary survey of methods of' s '3parating the solids from 
P-9 in a slurry indicates that evaporation 1~ dryness, distillation with 
'a third component, settling and centrifuging appear the most promising 
met~lods~ Considerable study will be required bEffore more can be said .. 

The attack on the general problem of shielding has been broken 
down into 1) materials employed 2) construction 5) effect of'inhomogen­
ei ti es and 4) in_duced radioactivity effects.. Two types of shields are 
under, consideration: 1) single unit of construction acting as a combined 
thermal and bioloeicalshield and 2) two units each performing its own. 
function.. The work has not reached a point 1uhere derini te results can 
be reported" 
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I P-9 Utilization in Homogeneous Pile (J. T. Weills, F .. Ro Viurd) 

A CE renort ll en ti tIed "P-9 U tiliza tion In The Slurry Pile 
Cooling System!! is being completed •. This re)ort is a prelimil1~try 
investigation of the heat transfer 8nO P-9 utilization p!I'oblems il1-
volved in the cooling system of a 40 ton homogeneous pile .. 

In this report, two general types of exchangers have been 
considered, i .. e .. , spiral plate and single-pass, floating head tubular 
exch.mgers. In the latter ty?e, only 1/4" - 5/a tl - SiBil tubes were 
considered. 

Calculations for various exchanger arr,fJ.ngements and sizes 
have b~en made to deter:nine:-

10) P-9 hold-up in the external cool:tng system .. , 

2.) Total power that C3l1 be removed .. 

5 .. ) Number of exchangers and amounts of cooling water re­
quired for various power out)uts .. 

In general, ::''l.rrangel:lents were 5nade for the purpose of usIng 
a minimum amount of P-9 rather than attaining the optimum uti1iza.~· 
tion of P-9. . ~. 

Data and recommendations used were those supplied by the 
Andale and Schut;te·.I{cH):rting companies (see CE.-865-Ward and Tho:npson). 
The following pertinent conclusions have been reached: 

10) The use of s:Ji.rr.l plate exchangers is impractical, tIllS 
type requiring 5 - 6 times the P-9 required by tubular exchtl.!lg€~rs for 
a 750,000 kw pile. 

with 
tion 

2.) Vertical exchangers arranged fWJllJD.etricallyabout the pile 
un e~ual number of exchangers ?er row give Ul€ best P-9 utiliza­
and the most compact urrangement~ 

5~) In order to remove a large umount of power with a minirrnim: 
expenditure of P-9 in the cooling system, it is necessary to have:-

a.) Highest per:l1issible slurry velocities in .the tubes 
b.) ?Jaxi:mum tube lengths alloflD.ble 
c.) Low outlet. cooling 1Jater tem)ert:'.tures 
d~) Two cooling water IJtrea·.1s on the shell side 

4.) The larger the tube' size in the exch~.nger -

a.) The fewer the nunber of exchangers ree,uirea for a 
r given heat load" -

/ 
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I P-9 Utilization in Homogeneous Pile (J. T. Waills, F .. R .. Villrd) 

A CE report, entitled "P-9 Utilization In 'l'he Slurry Pile 
Cooling System!! is being cOE1pleted., This re)ort is a preliminary 
investig:':'-tion of the heat transfer and P-9 utilization problems in­
volved in the cooling system of a 40 ton homogeneous pile .. 

In this report, two general types of exchangers have been 
considered, Le .. , spiral plate and single-pass, floating head tubular 
exch..mgerse In the latter type, only 1/4" - 5/8 11 - 5/Sl! tubes were 
considered. 

Calculations for various exchLmger arr.r.:,nge:nents and sizes 
have been made to deternine:-

1 .. ) P-9 hold-up in the external cooling system~, 

2 .. ) Total power that can be removed .. 

5.) Number of exeh(mgers and amounts of cooling water re­
quired for various power out')uts .. 

In general, arrangenents were !!lade for the i')urpose of using 
a minimum amount of P-9 rather than attaining the ontimu1': uti1iza~· 
tion of P-9. . 

Data and recommendations used were those supplied by the 
Andale and Schui;te-I\c:::-rting companies (see C1-865-Wa.rd C'l.11d Tho:npson). 
The following pertinent concluSions have been reached: 

L) 'The use of Si};Lrnl plate eXChi.Ulgers is impractical, this 
type requiring 5 - 6 times the P-9 required by tubular eXChtl..l1g€;!'S for 
a 750,000 ltv! pile. 

2.) Vertical exchangers arranged qymmBtricullyabout the pile 
with an ec~ual number of exchangers ?el' row give the best P-9 u"tiliza­
tion and the most compact urrongement~ 

5~) In order to rem.ove a large umount of po'wer with Il. min irrnim , 
ex,pendi ture of P-9 in the cooling system, it is necessary to have:-

a.) Iiighest permisoible slvrry veloei ties in ,the tubes 
b.) 7Jaximum tube lengths allollable 
c.) Low outlet cooling "later tem'~ler:).tures 
d~) Two cooling water streu.1s on the shell side 

4.) The larger the tube' size in the excn:lnger -

r 
a.) The fewer the nUl:J.ber of exchanger£:', rec;uired for n 

given heat loado 
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b .. ) The gre ilter the a'l1ount of D20 required ,the 
cooling syste~n for a given heat loan. 

04) The lower will be the pressure drop on the shell 
side. / 

5 .. ) For ll. 750,000 kw pilfl 

av) 1 row of 16 exchDllgers with 1 9 2" exchanger­
pile clear.ances, 

b o ) 9 .. 4 tons D20 in the cooling system, 

c.) 96 ,000 g .. p"m. cQOli'ng water total, and 

d.) 2000 - 3/8" O.D~ - 16 BWG - 12 foot long tubes 

appear to be th~ most satisfactory arrHngement in so f:l.r as P-9 
economy" cooling water economy~ stainless steel economy .. md construc­
tion economy are concerned. 

. 6 .. ) The ma.:ximum pressure drop lik.ely to be encountered in 
the external pile system is of the order of 20-£3 lbs~/sq~in. on the 
tube sidee :'vlinimum drop is of the order of 2 0 0 Ibs./sq .. in .. 

Another type of exchanger, the Votator, is under consider~ 
ation. Al though information available at present is incomplete, ~)res­
ent indications are that this type will be even less satisfactory from 
Ii P-9 economy point of view than th-e spiral plate typeo 

Further calculations are being made to determine:-

1.) Effect of increasing tube-spacing on P-9 utilization .. 

2.) ,:E:ffect of increasing number of tubes on P-9 ut:Uization 

5~) Amounts of 18 - 8 stainless steel reqlured per ton D20 
for given h~at loads 

4.) Effect of using elliptical shaped bundles (;llld shells 
on P-9 utilization. 

Calculations are also being made' to determine the feasi­
bility of submerging tube bundles in a flume, using diverted river 
water as the cooling medium .. 

- 5 -

b .. ) The gre f.:1.ter the a.mount of D20 required in ,the 
cooling syste:n for a given heat load. 

C6) The lower will be the pressure drop on the shell 
side~ r 

5 .. ) For ll. 750,000 kw pi1f; 

a.) 1, row of 16 exchangers with IF 2" exchanger­
pile clearances, 

bo) 9..4 tons D20 in the cooling system, 

c.} 96 ,000 g .. p"m. cQOli'ng water totul, and 

do) 2000 - 5/8" OoD~ - 16 BWG - 12 foot long tubes 

appear to be the most satisfactory arrungement ill so far as P-9 
economy" cooling' water economy.~ stainless steel economy and construc­
tion economy are concerned. 

6~) The maximum pressure drop likely to be encount~red in 
the external pile system is of the order of 20-23 Ibs"/sq"in. on the' 
tube side~ :'vIinimum drop is of the order of 2,,0 Ibs./sq .. in .. 

Another type of exchanger, the Votator, is tmder consider~ 
ation.. Although information available at present is incomplete, ~res­
ent indications are that this type will be even less satisfactory from 
a P-9 economy point of view than the spiral plate type~ 

Further calculations are being made to determine:-

1.) Effect of increasing tube-spac1.l1g on P-9 utilization. 

2.) ,Effect of increasing number of tubes on P-9 utilization 

3.) Amounts of 18 - 8 stainless steel req1ured per ton D20 
for given heat loads 

4.) Effect of using elliptical shaped bundles and shells 
on P-9 utilizationc 

Calculations are also being mude to determine the feasi­
bility of submerging tube b'undles in a flume, using diverted river 
water as the cooling medium~ 
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;II l~atural. ~\1axil!lUJ1l. Size of a Homogeneous Pile (J" R. Huff::wn) 

On the assumptioll that mechanical difficul tics and COlll-

plex! ties do not restrict the number of heat exchangers which can be 
connected to the pile" an investigati,on is under "Nay to determine the 
maximum utilization of P-9 obtainableo In a layout where heat ex­
changers are located as close to the pile a~ possible, such a maximum 
';lllill be reached when the increment of power removal by a heat exchanger 
becomes smaller than the increment of external. hold-up necessary to 
feed and operate the exchanger.. Since tube size cmd the number of tubes 
per heat exchanger effec~ the heat removal and the, hold-up in tub~s, 
headS, lines and pumps more than tube length and fluid velocity, on~ 
thes~ variables have been investigatedq 

Because a clear presentation of the subj ect reciuires consid­
erable discussion of layouts, methods vf calculations, etc., G. s)Elcial 
re'')ort is being ;:>repared.. The following table presents briefly the or­
der of magnitudes being obtained:-

Tube Size No .. Tubes KW/ton KW No" ,heat exchunge.!:!L. 

1/4" 1815* 48,500 5,750,000 225 

1/411 5230 55,000 5,000,000 150 

5/8T! 1850* 5(),500 4,500,000 114 

3/8" 5700 44,000 5,000,000 165 

5/8" 1800* 26,500 2,500,000 50 

5/8 11 3600 27,500 4,400,000 26 --
* maximum number in presen t commercial design. 

Vfudle it is improbable that any effort will be made to reach 
the power levels pOSSible, these figures furnish information as to the 
direction in which any irnprovement.s in design Sh::)uld tend" For in­
stuncej/ it ap,:.Jeal'S highly desirable to approach manufacturers for tube 
bundles in heat exchangers of twice the size of thoGe at present fab­
ricated, particularly in the 1/4" tube siZe" On the b~sis of utiliza­
tion of P-9, heat exchangers em::1loying 5/8t1 tubes do not compare fav­
orably with those having 1/4" or 5/8" tubes .. 

These calculations sug'::est the use of extreme numbers:;f heat 
exchangers far beyond the number that can be physically connected to 
the pile. Future work is planned to correlate these maximum size cal­
culations with practical and '.1hysically possible layout lim! tutiOl1s. 
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;tI I~atural ?Jaximurll Size of a Homogeneous Pile (J .. R .. Huff::1a.n) 

On the assumption that mechllnico.l difficul tics and COJrl-

plen ties do not restrict the number of heat exchangers which can be 
connected to the pile, an investigation is under 7iD.y to determine the 
maximum utilization of P-9 obtainable. In u layout wnere heat ex­
changers are located as close to the pile ill? possible, such a maximum 
will be renched when the increment of power removal by a heat exchanger 
becomes smaller than the increment of external hold-up necessary to 
feed and operate the exchunger.. Since tube size and the number of tubes. 
per heat exchanger effec~ the heat removal ~md the. hold-up in tub~Si 
heads, lines and pumps more than tube length and fluid velocity, only 
thes~ v~riables have been investigated. 

Because a clear presentation of the subj ect rec;uires consid­
erable discussion of layouts, methods vf calculations, etc., a s}ecial 
re·:)ort is being :>repared.. The following table presents briefly the or­
der of lnagnitudes being obtained:-

Tube Size Noo Tubes KwLton KW Noo ,heat exchangers 

114fT lS15* 46,500 5,750,000 225 

1/411 5250 55,000 5,000,000 150 

5/8T! 1850* 50.9 500 4,500,000 114 

5/8t! 5700 44,000 5,000,000 165 

5/8 11 1800* 26,500 2,500,000 50 

5/8" 5600 27,500 4,400 0 000 26 

* Maximum number in present commercial design. 

While it is improbable that any effort will be made t.o reach 
the power levels pOSSible, these figures furnish information as to the 
direction in which any L~provemen~sin design ShJuld tendo For in­
stance, it ap:)ears highly desirable to approach manufacturers for tube 
bundles in heat exchangers of twice the size of thone at ?resent fab­
ricated, particularly in the 114ft tube size. On the basis of utiliza­
tion of P-9, heat exchangers em~1loying 5/8Yl tubes do not compare fav­
orably with those having 1/4ft or 5/8'.' tubes .. 

The3e calculations sug'::est the use of extreme numbers]f heat 
exchangers far beyond the number that can be physically connected to 
the pile. Future work is planned to correlate these maximum size cal­
culations with practical and '}hysically possible layout limitations. 
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III Thermal S;i..0l.lon for Heat Removal ( J 4 J. Goett) 

The possibility of the use of a therm~JL syphon ~s a me~p 
of circulation for the removal of heat fro'n P-9 piles hus been inves­
tigated.. The assumption has been made that the temger,~.ture vii thin 
the pile would be constant along its len.sth and thut in the slurry 
pile this temperature is 1200 Co 

Thermal syphon has been found to be a possibility only wher~ 
there is a large tem~)er:..:.ture ranije.. Thus for the homogeneous pile, 
with' a m~mum temperature of 70 C .. , its use has been found inadvis­
able4 

Thermal syphon has been considered both as the primary 
means of circulation and as u standb,y for pump failure~ 

Two cases have been considered: 

L) 40 - -1815 1/411 16 ga tube 10' long heat exchangers 

_2~} 28 - 1800 5/8 t1 10 ga tube 10' long heat exchangers 

The attached graph gives tile results obtaioedo . Case 1 
shows, that in thestandnrd arrangement of heat exchangers, the power 
under thermal syphon will be 5000 kw per exchanger; compured to 20,000 
kw under the pumping system. li~evuting the exchangers above the :>ile 
to gain a greater head by thermal syphon will give a maximum utiliza­
tion 4250 kw/ton at a 50 foot elevation, \nth un individual exchanger 
power o~ 8000 kw. 

Case 2 has been subdiVided into three cases.. Case 2A de­
scribes the action of. a 5/8t! exch:.mger with a 1011 pipe cOlmection 
to the pile and 1500 g.p.ro. of cooling wuter f10'.vingo . In the stan­
dard post tion the power of theexchal1ger ,'lill be 17,000 kw as com­
pared with £5,600 kw under pumping conditionso - i\~aximum utilization 
by elevation of the exchanger is 8000 kw/ton at un elevation of 5 feet 
above the standard position for all ~8 exchang€rs~ Individual ex­
changer power is 20,500 kw. This maximum utilization mp.y be compared 
"Iii th that of the pumping system which has <iL vhlue of 10,9800 kw/tono 

Case 2B uses the 5/811 exchanger Vii th 161! pipe lines in or­
der to cut down the reGuired head. Utilization is reduced,.howevcr4 

Case 2C is similar to 2A, using twice as much cooling water. 
In .the st~mdard position an exchanger will deliver 20,200 . kw. r:iax­
imum utilization of 8,600 kw/ton D20 occurs at 15 foot elevation~ ~rlth 
an individual exchanger po"ner of 2~jlJOO kwo No comparable case has 
been considered by the group worldng Oll heat e:whangers and the pump­
ing system" 

Considering the simplicity of thermal syphon as compared 
wi th the pumping system, it might be advisable to furtiler investigate 
its use since it would give longer pile life than that promised b,y 
pumps 0 
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III Thermal 8yP(lOn for Heat Removal { J. J. Goett} 
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IY.....§~.9.x-[ltio:m. of Slurr-;[ (J. Ha Cha?in, J 0 R. Huffman) 

The se·?uro.tion of the slurry particles fro~l1 t!le P-9 in a hOilo­
ge.l'1eOU8 pile plant presents problems of a different tY?8 th~1J1 those ~.o­
countered in heterogeneous pile designs. The problem consists of thli) 
separation of the solid po.rticles from P-9 in about 6 tons of eJ.u:c:!."'Y:l',·lT 
day, returning the P-9 to the pile system 1Ni th substanti~11ly li:J 1.0 S G:.. as 
quickly as possible and delivering t.h(? so::"i~LJ t,.' :::->::< ::.:: in sni tablE:, form 
for ageing and chemical processing, r:i.::(;c; >.0 ... ::' -.. :." probable Bn'A de­
sirable that the process plant at VI handle the sepc:.ri:C-[Jon of the product ani 
b'Ji" ,., products, the raw materi[il from ~)he hOT.:i::;f,cr(~::)~.i . .:, :;;~:_:j.e should be de­
livered in a form cmd of a quality fixed by i tsdesign Dnd operat.Lono 

Some,major problems which must be considered are: 

10) The P-9 should be returned to ·th€ system sufficif.ntly "Jure 
from any added or formed corrosion agents or contaminants. Due to radio­
activity, the fission products should be confined to as omail [ill o(~uip­

ment coverage as possible. Similarly only very fma.lJ. ammmtr: of ·;;b.X'T;lr, 
if any, should be present in the recycling P-9 st.re!:'.:!I1. 

20) If possible» va.lves and movingp:-i:r:js si·.lcu:J.d be f';l.:lminated 
or reduced to the absolute minimum to prevent :Losses of P-9, prouucn; or fie .. 
sion ['ro'ducts, as well as ,from a maintenance point of view .. 

30) Evolution of heat from the slurry during s'<:.:paration ll hand­
ling and storage must be considered. 

4 .. ) Control and instrumentation by remotE' o_)e.r:itions -,;il1 pre­
sent a number of problems. For 111st.:mce, to l''';~l1d.le a distill1:l.:r.i'on sys­
tem, liquid level controls in tanks, measm:ement of rates, 6tC., add 

. cOI!lplexi ties to this method which may well. be the determining :factors 
in selection .. 

A preliminary survey ar,d general dscussion of the various 
methods suee:ested seems to narroVl' the fiel.:t to the following general 
met~lods, or SO::le suitable cO':1binction .Jf' them. T";;o step processes will 
probs.bly be !nost desirable, i..e.,. to retlLrll subs tm1 ti ally all the P-9 
in the first ste) and to recovor the rem;c'Lnder in a second stepo This 
system would reduce the hold-up of P-9 J£.a terially • 

L. Evaporation. EVlLporation t.o dryness on a cooled surface 
followed by flu~hing out with water, soluticiU in acid or 
storage as a soUd mass. 

Advantages: s:l.mplf.'st, P-9 purified from nOl1-volr.Ules, 
n'.) added contaminants)) destruction of hydr::Ltes .. 

Disadvant.a.1§lLt handles hot dry solids;. may be a batch-. 
w::'se o}erat'iorl, possible s(lJ.ution diffic-ul-
ties~ may have losses 0:1:' P-~)$ proauct and 1'is.,." 
sion product in vaporso 
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Distillation. Use .Jf a second immiscible liquid to strip 
P-9 off and deliver solids ir:t a fluid medium.. Involves a 
concentration step, a stri~1J?ing ste) ::ll1d a rC!cll1.m ... tng step. 

Ac1vantu[,es: no dry solids at any time» easier coolin£; 
and handling, purifies P-9o 

Disadvant;;;.ges: Complexity, rec.uired more design, requires. 
lJlo:re shielding 0 

• 
3. Centrifugin,Ko Use of continuous solio basket centrifuge 

with a second immiscible fluid to carry solids. Involves 
a concentrating step (no second fluid), a stripping step 
and a finul purifying distillation to re::love last solvent 
from P-9. 

Advantages: no dI"lJ solids.? may have less hold-up. 

Disadvantages: moving 
ificution 
particles 

partss experiments needed, no pur­
of P-9, relatively complex, some 
in recycling stream of P-ge ..... 

40 Settling,: Settling of substantially all p:.:.rticles with aid 
of coaeulating agent, followed by a step faT final removal 
of P-9, such us evaporation. 

AdyDntate.~: simplicity, pro b:.;.bly serve as a first step 
ill any process" 

Disadvm1tages: no purificution of P-9, high hold-up, 
. added contaminonts, reC'Jcle of some particles. 

50 Filtration. Filtration to remove most of P-9G No develop­
ments O~j succeeding steps" 

Adv:.mtap;el?: no dr-.1 solid handling. 

Disadvantages: removal of cake, difficulty of filtering 
fine particies, rec.:.uires second process a:.ep, 
cooling, no purification of P-9. 

6 ~ Mol ten Salt. Addi tiOD of salt to slurry ;:>rior to evapora­
tion to serve as absorber of heat cyolved. 

~dvantw~,es: cooling e::tsier~ destroys hydrates .. 

Q!§udvantaP.'es: a.dded contu.minunt, later solution diffi­
culties, possibly re~uireG added processing 
to prepare· nntedal for chemical se:xl.r':ltion. 
Handling' of hiah temperature fluids. 
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v Shi.elding ( Go F .. ~uinn" L. Ed Tho'llpson) 

The engineeru1g section of the sgecial eroup studying the 
shielding of the heterogel'lSOus. P-9 pilEl has been cOncerl1f)d the 
structural and constructional problems (Jf the various tYPf)S of shield, 
meeting tIle I'?qu:iremen ts ;:)f the theoretical section with reeLrd to the 
clearances around and inside the tu.bes, the removoJ. of the heat 
develo?edi From the constructionsl viev~oint, there are two general 
ty?es of shield which have been c01:siderec1 to date.. Type I consists 
of a single unit of construction fulfilling the capacities of both the 
thermal and biological shields, while Type II consists of two units to 
perfom those functions, as in the "W" shield .. 

Type .. I - Because of struct.ural reasons, the shields of the 
single-uni t type have been designed as follows: the shielding material 
is sandwiched between two steel plates of thicknesses sufficie.n t to 
support the structure when freely sU:!ported uround the e\1geso These 
plates which may be either square or round are connected by steel ?ipes 
(through which pass the aluminum tubes) making the two act as a single 
beam.. The two thick plates also serve as shields; the one nearer the 
pile functioning as a heat shield while the outside one provides the 
last ?art of' the re~'c1:i.red If ray shield. In between the two ~llates , 
is Ioca'ced the main oo.uy of' shielding material consisting of a more or 
less homogeneous arrf...l1gement of dense Ul1d hydrogenous substances, e"g .. ~ 
iron or lead, shot and 'irater, iron plates i'li tha~.t~rnate layers of 
masonit.e (or 'Water), speCIal concrete~ , A1ternatl,ies to the intermed­
iate plates in the plate-mason.ita tYI'e have beenconsidereg. 

hYpe II - Work on the type of shield embody.mg the prinCiple 
of separate thermal and biological. shields has begun recently. '1'he 
heat shield may be composed of overlaflping cast iron blocks SU;)~lorted 
by cross beams between each row of tubes.. The bioloeical shield "lull 
prvba.bly be suP£)orted in the same way, but Ii ttle has as yet been done 
on thi s design. . 

The poss~bi1ity that all the heat develo?ed in the enp sr~elds 
may be removed by conduction into the pile cooling wa.ter (as in the VI 
plant) is being investigated. Small clearances at points where the tubes 
?8.SS through the shield will not only assist in the heat removal problem, 
but will also be im.perative to block the escaping radiation ... The problem 
of Ci.iminishing the sizes of the gaps and weukly absorbing regions in and 
around the aluminum tubes is being considered. A reluted problem is 
that of blocking the inner alu.minum tubes sufficie~tly so that the pip-

connections do not become dangerously radioactive. 
" 
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SECTlmi D 

APPLICATIOI~ GROUP - J ~ Ro Huffman, Group Leuder 

Su~ma£y_~d Conc1usio~s 

Estimates for an engineering eX~Jerimental progl'Dm for the 
design of a homog~neou3 slurry pile are: , . 

Added personn31 - 21 men 
Equipment 
Floor Space 
Power 

($80~OOO/yr) 
$115,000 
5000 sqo fto 
900 kw o 

Comparative heal eJ-:changer costs for removing heat from re­
circulated P-9 in an exper:tmentul 1000 kw pile are presented. The 
cases considered are: (1) all' cooler, (2) evaporative air cooler (5) 
and liquid-llC:.uid heat exclwnger.' Data 011 pump costs are also given .. 
Since relative costsure approximately equal, space requirements, pro­
curement and flexibility will be determining. 

Information on aluminum welding obtained from a manufacturer 
of c:lemical process equipment :\ndicat.es no trouble ct.n be anticip<::ted 
from joints made by flame welding either by o:xy-acetylene or 0XY<~ . 
hydrogen techniques. 

" 
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SECTlm~ D· 

APPLICATIOI~ GROUP - J" Ro Huffman, Group Leader 

Summary and Conc1usio~s 

Estimates for an engineering ex~)erimenta1 program for the 
de~ign of a homog~neou3 slurry pile are: 
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Comparative hea~ e:z:changer costs for removing heat from re-
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and liCJl..1id-li~uid heat exclwnger .. ' Data on pump costs are also given .. 
Since relative costs::lre approximately equal, space requirements, pro­
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Information on aluminum welding obtained from a. manufacturer 
of c:lemical process equipment :\ndicates no trouble cnn be anticipated 
from joints made by flame welding either lY/ oxy-acetylene or oxy·~ . 
hydrogen techniques. 
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I Engineering Ex:)erimental Progrc1.lll For Homogeneous Pile (J", H. Chapin, 
J. R.. Huff'man) 

In a memOl"a.ndum to H. D .. Smytn (UI1-212 LlUC-UCV), an ex,leri­
mental ?rogra'!l is proposed to obtain data necessary for tlle eugineerir.g 
deoizn ond development of P-9 homogeneous slurry :)11e6.. Many of the 
problems are of su~h_ a nature that a rather full and well-oriented 
experimental program needs' to be planned and ini tinted at -bhe earliest 
proper moment if the data can be ex?ected to f'i t any practical time 
schedule of design~ 

The main topics reqUJ .. rJ.ng investigt.ltion are outlined briefly 
below. No attempt is made to inc,lude the physical or radio-chemical 
experiments which'will be required .. 

1. Erosion 

n. Tests on standard commercial heat exchangers imd on 
modified' desighs. 

,b. Tests on pipes, fittings~ valves .. 

c. Tests on several conmercial slurry pum;)S, and on mod­
ified desigp.s. 

d. Overall lifetime of ;;mIDIJs. un,der no main tf:'J.1a.."'1ce condi­
tions. 

20 Separa~on of solids 'from P-9. 

5. Recol!lbination of P-9 gases .. 

4. Preparation of slurry 
, " 

~ 

Assuming that floor space and general facilities are avail-
able, the program is estimated to require: ' 

Added personnel 
Equipment 
Floor space 
Power 

- 21 men 

-, 

(~~60,DOO) 
, $115,000 

5000 sq~ fty 
900 kw. 

At the present time detatled layouts, equipment lists mld 
test procedures ure being compiled. 

It is to be emphasized that this covers the experimental re­
quirement only and that other additional personnel and space wIll also 
be required for evaluatu1g the data mid translating it into practical 
designs. 
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experimental program needs' to be planned and initiated at the earliest 
proper moment if the data can be ex?ected to fit any pI'octical time 
schedule of design~ 

The main topics requiring investig~tion are outlined briefly 
below. No attempt is made to inc.lude the physical or rudio-chemical 
ex~eriments which'will be required. 

1. Erosion 

a. Tests on standard commercial heat exchangers and on 
modified'designs. 

,b. Tests on pipes; fittings, va1ves~ 

c. Tests on severul conmercio.l slurry pum~')s.? and on mod­
ified desigps. 

d. Overall lifetime of Plli~p~ u~der no mainten~~ce condi­
tions. 

2~ Separation of solids 'from P-9. 

5. ReC01:lbination of P-9 gases .. 

4. Preparation of,slurry 
., 

Assuming that floor space and general facilities are avail­
able, the program is estimated to require: 

Added personnel 
Equipment 
Floor space 
Power 

- 21 men (~60,OOO) 
, $1151'000 

5000 Sq. fto 
900 kw.-

At the present time detniled layouts, equipment lists mld 
test procedures ure being compiled. 

It is to be emphasized that this covers the eXj?erimental re­
quirement only and that other additional personnel and space will aJ:.so 
be required for evaluatlllg the datu mlu translating it into practical 
designs. 
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J.;;L Hea:L~val From EX·)erimentul Heterogeneou3 J:ile ( J" J .. Goett) 

In a.nticip ..... tion of the possibility oi' the ponr;truction of 
D.~1 experimental P·,·9 pile, the problem of en f!xternal cooling system 
has been investigated. P-9 has been consider,::d a.s the '.nternal pile 
coolant, circulated externally by means of a pump through various 
types of heat exchangers; (1) air cooled exch~·:mgerJ} .(2) 
air cooled exchanger and (5) a liquid-liquid exchanger.. 'rhe require­
m(:mts have been set by ~)relimina:ry estimate 'I-,o be 1000 kw power re­
moved from 200 go porno circulation at a maxirr:Jm tenl~)erature of 70° C" 

L The air cooled exchanger system would require 6 - 241t :x 
144" 6 row cooling coils, using 70,000 CFTll of 950 F" maximum temp .. 
air.. The coils would have aluminum tubes, headera and fins" The cost 
of the unit, ins'l",alled is est~mated at $80UO.. Total power to drive the 
unit is 17"5·H,,P ... Hold-up of P-9 is ll.c;.l.f"!j. 

2 .. The evaporative cooler in a single unit would measure 
14' x 5' x 11& high and recuire 20,000 CFilil o~" air 'at a maximum wet 
bUlb temperature of 750 F .. - The water spray nystem would circulate 
100 g.p.m .. requiring at full load a maxirrrJ.m makeup of 4 g"p .. m,. 
P-9·head through the exchanger would be 53 complete unit, 
i:nstalled 'J'iith -temperature controls for weather" is estimated 
at ~,9000 .. Power requirements e.xcluslve of P-d circulata.on is 6 H.Pe 
Hold-up of P-9 is 8 cu~ ft. 

50 The liquid-liguid system would 
and water cooling towero The exchanger as a sll1g1e 
pass tube and shell type, consisting of 250, 5/8t1 16 ga tubes, 9 feet 
lange Overall dimensionS' may be consider€d as lOt x 18" Cost 
installed would be approximately $5000 0 J?-9 hold-up aJ.!!ou.nt to 
about 2 cu •. ft... The wat~r cooling tower~ handling 500 g~p .. m. at a. 
cold temoerature of 90° F«'would measure 15' x 15' x 25' and cost 

~ . 

t·4000 installed. The make-up water requirements would be about 9.5 
g~p~m6 Power for the unit would run to about 20-25 HoPG 

The possibility exists that the temperature range 50° C. -
700 c. may be too high for the internal 911e cooling requirements. 
To reduce the ranGe to 500 C. - 50° Co elim.inates the dry air cooler 
as a possibility,. The evaporative type ',vould require t'.'JO of the units 
previously described,' connected in P-9 series in order to remove 
500 kw~ The liquid-liquid system would be inadequate with a water 
cooling tower und would require refrigeration. Installation and operat­
ing costs have been estimat,ed ,as $50,000 ana ~~6 .00 ;Jer hour res}ectively 
on a conservutive estimate for the refrigeration unit alone" 

The pump to be used in the system of P-9 circulation has 
been considered as a Wilfley-type A.C. - pump. The udvul1tages of' its 
'use lie in its unique construction, eliminating the stuffing-box, 
and reducing let:l.kage to a few cubic cen timetars per shutdo1Jl1. The 
cost of a unit to pump 200 p~m" a'€fl.inst a. 50ft. head is $485 in 
the 18-8 st.ainless steel COllstl"Uctiono Power reouirements will be 
5 H.P 0 P-9 hold-up has as ap:?roximately one gallon .• 
Such a pump ianow on order (Physics Division) m1d ~~ll be experi­
mentally investigatedo 
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III Heterogeneous P-9 Pile iJiodel 

As time permitted, the erection of a wood model of the piping 
system for the 460 rod~ light water cooled P-9 heterogeneous pile has 
progressed to about ninety percent completion (410 Ecknart)Q 

In general, very little time has been spent on heterogeneous 
pile desi!W dUring, this month .. 

!y .. Aluminum Weld~(J 0 To W,eills) 

In a recent consultation with a representative of a company 
with years of experience in ,the fabrication of aluminum equir:>ment for 
the chemical industry, several important considerations in the welding 
of' aluminum were gi veno 

Trimmed sheet is often used in lieu of welding rod to assure 
exact alloy composition~ 

Arc welding is sometimes used for welds of structural impor-· 
tance onlyo For vessels, where the weld must act as a seal also, flame 

'welding is used, oxy-acetylene being more conwon today tilan o~f-hydrogen, 
mainly because of the greater availability of acetyleneo 

Examination of typical flame welds shows that the oxy-acetylene 
flame gives a pitted weld' surface while the oxy-hydrogen does nota Ends 
of samples of both types of flame weld, just rough sa'w cu·t, show no 
occluded slag and no pits when viewed vd th the unaided eye. 

In butt welds in general both sides of the joint are welded. 
After one side has been welded, the inner part of the joint is chipped 
to remove any slag which would be occluded wh~a the middle of the joint 
is sealed by'the weld on the other side. This technique can be used 
readily on sheet as thin as 5/16 of on inch. One-eig:Q.th inch sheet 
jOints can be so prepared, but 1dth some difficulty~ 

Additional points in butt welding are: (1) below 5/16 inch 
thickness, tile sheet ends are not bevelled, (2) below 1/8 inch sheet, 
the ends to be joined are bent 90 degrees so that the sheets 'are par­
allel at the ends; the two ends are then :)laced flush and melted to­
gether; (this does not leave a protruding ridge), (5) in butt 'ilelding$ 
two sizes of sheet, it is recommended that 1/8 inch be welding to 5/16 
inch, 5/16 inch to 1/4 tnch l1 etc.; 1afger differences at these thick- ' 
nesses result in difficulty in controlling tem)eratures at the ;veld. 

In vessel fabrication, corner welds are not used at all for 
thin sheets; a sheetJl or plate, to be joined at, saYg a right angle to 
the end of another is bent 90 degrees near the edge on about a 1 1/4 
inch radius so that the sheets meet to form a butt joint • 

• 

_:... 15 -

III Heterogeneous P-9 Pile iiiodel 

As time permitted~ the erection of a wood model of the piping 
system for the 460 rod, light water cooled P-9 heterogeneous pile has 
progressed to about ninety percent completion (410 Ecknart)~ 

In general, very little time has been spent on heterogeneous 
pile desi~ during, this month~ 

IV, Aluminum WeldinfL(J 0 To W.eills) 

In a recent consultation with a representative of a company 
with years of experience in ,the fabrication of a1uminur~ equipment for 
the chemical industry, several important considerations in the welding 
of aluminum were given .. 

Trimmed sheet is often used in lieu of welding rod to assure 
exact alloy composition~ 

Arc welding is sometimes used for welds of structural 1..111301'-­
tance onlyo For vessels~ where the weld must act as a seal also, fl~e 

'welding is used, oxy-acetylene being more common today than OXY-hydrogen, 
mainly because of -the greater availability of acetyleneo 

Examination of typical flame welds shows that the oxy-acetylene 
flame gives a pitted weld surface while the oxy-hydrogen does not .. Ends 
of samples of both types of flame weld, just rough saw cut, show no 
occluded slag and no pits when viewed with the unaided eye. 

In butt welds in general both sides of the joint are welded. 
After one side has been welded, the inner part of the joint is chipped 
to remove any slag which 'Nould be occluded when the middle of the jOirlt 
is sealed by,the weld on the other side. This technique can be used 
readily on sheet as thin as 5/16 of an inch.. One-eignt.."'1 inch sheet 
joints can be so prepared~ but ?lith some difficulty .. 

Additional points in butt welding are: (1) below 5/16 inch 
thickness, the sheet ends are not bevelled, (2) below 1/8 inch sheet, 
the ends to be joined are bent 90 degrees so that the sheets <are par­
allel at the ends; the two ends ure then ::>laced flush and melted to­
gether;(this does not leave a protruding ridge), (5) in butt {leIding, 
two sizes of sheet, it is recommended that 1/8 inch be welding to 5/16 
inch, 5/16 inch to 1/4 moh, etc.; larger differences at these t.hick- ' 
nesses result in difficulty in controlling tem"eratures at the ,~eld. 

In vessel fabrication, corner welds are not used at all for 
thin sheets; a sheet, or plate, to be joined at, saYg a right angle to 
the end of another is bent 90 degrees near the edge on about a 1 1/4 
inch radius so that the sheets meet to form a butt joint. 



I 

" 

It 

- 16 -

Further considerations in '.reiding aluminum in vessel fabri­
cation are: (1) aluminum pieces to be welded must be positioned; 
(field Yields are not satisfactory); (2) one 'ileld can be crossed by 
another, (3) one of the ea.siest types of ,leld is that described above 
for welding very thin sheets, i.e~, welding two or more ends wInch 
are parallel and flusho 
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