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SECTIOl~ A 

INTRODUCTION 

The past month has seen a shift of emphasis to,I'mrd the 
homoseneous pile. Since mechanical configurations ~v.ill 9robably 
be t:le limiting factors in utilization, total P-9 requirements, in
stantaneous power rating und production capabilities, moot of the 
effort has been directed -I:.oward finding the limiting caseo.. The 

, concept of a central cylindrical (or spherical) pile surrounded by 
external heat exchangers through which the slurry is pumped, has 
been common to all uttackso 

'One of ihe most import::mt variables is total P-9 require
mentso 'l'his is obv:i.ously made of the S-olIll of the hold-up in: 

1.) The pile proper (84 - 69%) 

2 ... ) The piping (2 - 1%) 

:3 p ) The pumps (5 - 4%) 

4.) The heat exchangers (9 - 28%) 

Each presents a sepurate problem and each has limitations governed 
by different cQDoiderations. The hold-up of the pile is determined 
solely 'by nuclear consider~lti;::)l1s. This section is engQ~!ed in eval
uating the hold-up probl~~s of the other three factors. 

In addition to hold-up, power dissipating capucities of 
heat eXCh~ll1gerG and p1;!.lUp ca}aci ties mid designs have been under con
l3ider~~ ti on .. 
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SECTIOl~ A 

n;ITRODUCTION 
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SECTIOI~ B 

ABSTRACT 

FUrther work 011 the te:n)er:;;.ture distribution in the alum
inum sheath surrounding active f1etal rods in water cooled ribbed 
annuli showo tem)er3-ture rise is real and of sufficient magnitude 
to "Nnrr.:.:.nt consideration .. 

The calC'ulatious on the 23. ;:>roblem have shown th~Lt concen
trations can be attained ... :hich are of the sume order as for 49 in 
the ~1ile. Vlork on t.i:lis problem will be finished in about 6 ,Jeeks .';lnd 
re:;>orted seY.l.rate1y.. .Al th :ugh the [Srou) carrying on this work ha.s 
been dissolved, the problem will be finished and re)orted .. 

Two members of the section h[iVe been asaiened to a (r:)ec
if'.l Grou;:> to re?ort to the P-9 Committee on shielding .. 

li'iork hus been started and ;Jrelil:lir1arl results obtained on 
confieuration and hold-up, utilization of P-9 and total ~)ower rating, 
of homogeneous piles~ 

The ;'1or;nissible erosion-corrosirm rt.:.te:Jf the homogeneous 
system has been correlated ;-Ji til loss in k ::J.ud rate of rework of the 
slurry. 

Some thought has been :1Ut on air cooled her.i.t excil.'.:il1gers 
for use on low lower P-9 cooled )i1es6 

The designs for a heliu.'l1 blower ;fith 10 atmos. suct:i.on 
and, 11 utffios. dit~charge were reviewed ',7i tll the Sutorbilt Com.::x.my, 
who haVE) nn order fro:,l us f,)r u set deoigns.. Proeress is (wi
dent arid a blower desiI;,'Il, satinfactJry for the services ex)ected, 
will soon be ready for finu.l examin:ltLm and up~1roval .. 

Arrangenents of heat exci1angern,)Uln;Js [mel ,J~}~ng around 
an hor:lo:;:eneous )ile have been studied it! C0l; sideruble detail to ex
:)loreL~le r<.lllge ,)f value" of total hold-u), total po';!er dis:3ipnting 
vuluG and P-9 utilization. The main result is t) shovi 'lihut ~Jhases 
of desi;:::n 'I'dll require the most ';{ork ul1d greu.test de'?arture from 
standt.:.rd practice. Detailed studies on munuf;:",cturine li::Li te.t:tons 
have been undertf~en for the same purpose .. 

A little work has been done on the heterogeneous pile 
waterheaders~ shields, control rods, breech blocks, tube closures, 
and coffin designQ 

. '" "In" ~he narin-ual 
, '. n~!nl' ~"""., ,. 

~ .bis dooum&nt ~t\tt.\m~l~ro~~~o:n, fi1fect~:.tbeN~o!lm 
oefense of the United StatNl ,within- t.helmealJmiif~lI~ , " ", 'Ie 

lEepiona~ A~t, U.S.C: 50; 313',1.0 32. lts;t~,dllOffl 
or the revelation of its contents ·in ':lliujw,\'i3.ann£lf to 
£.Il. unauthorized per!'lnn is prohihit.ed by law. 
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SECTION C 

THEORETIC.iI.L GROUP - Ko Po Cohen ll Group Leader 

Summary und Conclusion~ 

A final re-)ort on the heat distribution in a ribbed tub.e 
is being ~lub1ishedo A report on the 9roduction ,)f 25 will be sub
mitted.ufter a little further work,Vlhich will be finished at New 
York City.. . 

This group is being dissolved officially as of August 51st, 
1&450 

A tem;?oraI"'lJ group under the direction of t.1.e P-9 Cor~i ttee 
has initiuted work on the relative merits of"sufficient" wet Ilnd dry 
shields for both complete and partial accessibility to the pile .. 
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I .. ~at Distribution In A Ribbed Tube (K .. P "Cohen, 1. KalJlan) 

A finaJ. report (CT-883) )re;:lsnting the results):E' the theo
retical calculations on heat distribution and temperature rise in the 
neighborhood of the ribs on the aluminum tubes in a heterogeneous 
pile is n:w in the process of publicatiJn.. The !,)reliminary ex;:eri
mental data (by another sectLn) gives suffic:i,ent confirmation to the 
theoretical c;:;nclusions to emphasize the fact that the telll)Sruture 
rise can not be neglected.. A continuance of the ex:)erimental work 
is definitely necessaryo 

II .. Studies on the "23" Systems (K .. P .. Cohp..u, I Ka)lan) 

Orienting calculations on the application of piles to the 
production of 25 have produced considerable data but do not present 
a well-rounded ;;>icture 'lJurrantillg a report at this ti!~e.. The rela..,. 
tive:J.y small amount work requlred- to finish the !,)roblei!l 1Nill be 
com;?leted at N e'iI' York C1 ty, since th Ls group (Group I of P-9 Section) 
is being disb~ded~ 

Briefly, calculations indicate that a 15 cm" blanket of 
thoria (denf~ity 6) outside the ref;l.ector.)f Il P-9 )ile ';rill produce 
~5 in a concentration of the same order aD that ::if 49 wi thin the 
pile.. Heterogeneous ;?i.Les seem more feasible them· homogeneous)iies. 
(See UfI-192, :,lUC-HCV). , 

IIIQ ~Jlield1ng Group 

A tem90rary group has been formed to study a ?urticular 
as:Ject of shielding" This croup is made u) of F. 1. Friedman (of 
the. Physics Section headed by E~ P.. ~'Jigner) ::0:10. G. F 0 ~uinn and L" 
Bo Thom~)son (of this section) 0 The direction of the grou;? will be 
accomplished through the P-9 Pile Committee rather than through the 
administration channels of the individual l3ecti:llls~ 

The aission assigned to the group is to present informa
tion concerning the basic features of Ii sufficient shield for each 
of' four cases. These causs are respecti vely:-

I Contil'uously acces~ible - Vi'et stield tYge 

II Accessible after 1/2 hr. slrutdo'VJIl - 'iiet shield type 

III Contilluously accessible - Dry shield type 

IV J\ccessible after 1/2 hr" shutdovlIl - Dry shield type 

This information is expected to be uaed 'bJ the P-9 Cor.wl t
tee i1. 11 decisioll as to which shield caoe is to be used for a 5 ~J\'; 
ex~)erimental pile at Clinton.. The progress to date is. not of a 
type to be reported at this time ~'Jith the exce~}tiol.1 of tho r:1ention 
of t.i1.e eyj,st.ence of ;:lemo 118, "Ji!llch preue •• tJ a prJgr~~r'1 for SOIJe im-
fledi<: .. te experiment:J.l w':>rk.. . 

The activities of this zrou) will be re?orted monthly by 
this section, in addition to a.'1y reporting through other sections 
or committees .. 
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rise can not be neglected.. A continuance of' the ex:)srimental work 
is definitely necessaryo 

II .. Studies on the "25" Systems (Ko P .. Cohf'J:l, I Ka)lan) 

Orienting calculations on the application of piles to the 
production of' 25 have produced considerable data but do not present 
a well-rounded picture wurran tillg a report at this ti!1e.. The rela..,.. 

, tive~y small amount of work required- to finish the probleCl will be 
cOi!l;?leted at New York City, since thts group (Group I of P-S Section) 
is being disb~ded~ 

Briefly, calculations indicate that a 15 cme blanket of 
thoria (density 6) outside the reflector ·.)f u P-9 )ile ';Jill produce 
25 in a concentration of the SWlle order aD t..'-l!:tt ,)f 49 wi thin the 
:)ile" Heterogeneous :;;>i.Les seem more feasible than homogeneous )1J.e8. 
(See Lrli-192, iimC-HCV) e 

IIIe §Jlielding Group 

A tem!)orary. grou? has been formed t.o study a ;?articular 
as/ect 0f shieldingo This eroup is made U~) of Fe L. Friedman (of 
the. Physics Section headed by Eo P. ~igner) ~ld G. Fo ~uinn and Lg 
Bo Thom)son (of this section) 0 The direction of the group "'fill be 
accomplished through the P-9 Pile Committee ra.ther than through the 
administration channels of the individual oecti·:)nsc 

The nis6ion assigned to the group is to present informa
tion concerning the basic features of a sufficient shield for each 
of four cases. These caGes are respecti vely;-

I COlltiEuously acces~ible - I:et 813ield type 

II Accessible after 1/2 hr. shutdo'lltl - ~';ct shield type 

III COlltilluously accessible - Dry shield type 

IV Accessible after 1/2 hr .. shutdmm - Dry shield type 

This information is expected to be used ~J the P-9 Coromi t
tee i1. a deciSion as to which shield caGe is to be used for a 5 ]'i1l'1 

e:x;)crimental pile at Clinton.. The progress 1jO datei::; not of a 
type to be reported at this time with the exce~.,tioll of the r:1ention 
of the e::r.ist,ence of ;.1ClllO 118, 'Jfillch preDe •• tD a prJgr~~l'l for 80::1e im
I:ledi<.:~te experiment:J.l w')rk. 

The activities of this zrou;> will be re:?orted r:lunthly by 
this section, in addition to a.YlY reporting through other sections 
or committees .. 

', .. 

" 

I 

- 4 -

10 ~~.:t Dlstrib1:1tion In A Ribbed Tube, (ICoP "Cohen, 1. Kaplan) 

A finaJ. report (CT-885) )re;:;snting the results)f the theo
retical calculations on heat distribution and tem,'Jeruture rise in the 
neighborhood of the ribs on the aluminUm tubes in a heterogeneous 
pile is n :W in the process of publicati,)n.. The preliminary ex;:)eri
mental data (by another sectin) gives suffici.ent confirmation to the 
theoretical c::,nclusions to erll'phasize the fact that the tSlll)eri.:l.ture 
rise can not be neglected.. A continuance of' the ex:)srimental work 
is definitely necessaryo 

II .. Studies on the "25" Systems (Ko P .. Cohf'J:l, I Ka)lan) 

Orienting calculations on the application of piles to the 
production of' 25 have produced considerable data but do not present 
a well-rounded picture wurran tillg a report at this ti!1e.. The rela..,.. 

, tive~y small amount of work required- to finish the probleCl will be 
cOi!l;?leted at New York City, since thts group (Group I of P-S Section) 
is being disb~ded~ 

Briefly, calculations indicate that a 15 cme blanket of 
thoria (density 6) outside the reflector ·.)f u P-9 )ile ';Jill produce 
25 in a concentration of the SWlle order aD t..'-l!:tt ,)f 49 wi thin the 
:)ile" Heterogeneous :;;>i.Les seem more feasible than homogeneous )1J.e8. 
(See Lrli-192, iimC-HCV) e 

IIIe §Jlielding Group 

A tem!)orary. grou? has been formed t.o study a ;?articular 
as/ect 0f shieldingo This eroup is made U~) of Fe L. Friedman (of 
the. Physics Section headed by Eo P. ~igner) ~ld G. Fo ~uinn and Lg 
Bo Thom)son (of this section) 0 The direction of the group "'fill be 
accomplished through the P-9 Pile Committee ra.ther than through the 
administration channels of the individual oecti·:)nsc 

The nis6ion assigned to the group is to present informa
tion concerning the basic features of a sufficient shield for each 
of four cases. These caGes are respecti vely;-

I COlltiEuously acces~ible - I:et 813ield type 

II Accessible after 1/2 hr. shutdo'lltl - ~';ct shield type 

III COlltilluously accessible - Dry shield type 

IV Accessible after 1/2 hr .. shutdmm - Dry shield type 

This information is expected to be used ~J the P-9 Coromi t
tee i1. a deciSion as to which shield caGe is to be used for a 5 ]'i1l'1 

e:x;)crimental pile at Clinton.. The progress 1jO datei::; not of a 
type to be reported at this time with the exce~.,tioll of the r:1ention 
of the e::r.ist,ence of ;.1ClllO 118, 'Jfillch preDe •• tD a prJgr~~l'l for 80::1e im
I:ledi<.:~te experiment:J.l w')rk. 

The activities of this zrou;> will be re:?orted r:lunthly by 
this section, in addition to a.YlY reporting through other sections 
or committees .. 



.\ 

I 

- 5 -

SECTION D 

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

~~~aEY. and Conclusions 

Data have been dev-eloped to show t.he power attain-
able with various nUlnbers ond sizes of heat exchmlgers erouped as 
closely as pos8ible around a )i1eo For a )i1e operating at 1200 C .. 
:naxirlIlli11 te;[J.IJero. ture, vii th cooling w~ter at 150 C .. , 600,000 K~l .. ID11y 

be removed at u cost of six to eight tons of P-9 hold U~ in pumps, 
piping, und he:J.t exchangers. 

A table indicating the decreu3e in k \'u.ich nay be e:x~ected 
due to corrosion and erosion of equipment in t1 homogeneous plant is 
preRCl.ited" 

An investigat::i::.m of the potentiw. pYNer dissipating abil
i ty of air cooled heat excilaJ.1eers for an expe:dmen tal pile cooled 
by natural convection has beeIl started .. 

Dra:;,'ings a :",ro~)osed helium pump desi~-;n suhmi tted by a. 
manufacturer are under review" 
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I P-9 Utilization in Homogeneous Piles (J .. J 0 Goett" M. To Kane, 
G .. F .. (,.,uinn, L .. Bo Thompson, FoRo Ward, JeT .. ;I'leills) 

Wi thin the limi tations impo~ed by heat. e:·:changcr manufac
turers (see report of Application Group), process desi~1 work is 
being carried out on the heat exchangera asslciated with homogeneous 
pile::; of var-Jing size.. Since all work hu:) been aimed to';/::lrc1 a min
imum hold-up of slul'I7 in the externni system, it is, with very 
sli;;ht modification, equally applicable to P-9 cooled heterogeneous 
piles. 

.' In order to obtain some specific data on utilization of 
P-9, certain reasonable co~~ditions were assumed which are believed 
to be close enough to any likely actual set of conditions to ?8rmi t 
extrapolation or inter)olation of the data. for esti:natir:.g)ur;:>oses .. 
These aSBUm)tions include the following:-

~uantity of P-9 in pile 40 tons 
Highe3t tem)erature in pile - 1200 C .. 
Lowest tI tI tI 500 C. 
Cooling water temperature 150 Co 

" . If exit temp. 650 C. . 
Hold-up in circulating' ;.:>umj.'>s - 0.7 cu. ft .. ~Ier 10uO gaL/min. 
Velocity in ;.:>ipe 10 ft. Jor sec q • 

Radicll velocity in heat exch:.:tnger headers - 2 ft., )er Dec. 
Heatexch<meer3 a.re arranged in rO',i7S around the ;:>11e, 

flange to flange. 

The results ure correlated by curves sh0wing uti1izatlon 
and total power as i'uncti:)DS of the amount of P-9 in the entire 'P;Js
tern. Sam:)le data are given below for 0. 600~000 Kin. plant.. These 
and other dnta, nO .... 'i being develo~1ed, will be )resented :.llld dLJcus3ed 
in detDil in a forthcoming report. 

Overall No. tons 
No ~ tubes Exchru'lger Exchanger U tiliza- P-9 in 
per ex- Tube Velocity Tube tionKW./ System 

Tube diam"chan@l-"_ J.l1J.Q.g~_,_, in Tubes Len~th ton P-~ Tota.1 

1/4t1 1615 18 BWG 15 rt/sec 10 ft. 13,000 45 
1/4" 1615 18 BWG 10 ft/sec 10 ft. 15,:J00 45~5 

1/4t1 1615 18 BWG 7 ft/sec 7.5 ft. 15,JOO 4695 
1/411 2000 18 m~:G 10 ft/sec 10 ft~ 13,000, 46&5 
5/8 tl 1850 16 BWG .5 ft/eec 10 ft. 12,500 48 
sisti 1550 14 BnG 2.2ft/sec 10 fto 11,OOQ M~5 

5/a" 1350 14 BrIG 5.6ft/sec 16 ft. 11,000 54 
5/8n 1800 14 BWG 202ft/sec 10 ft. 11,000 55.5 

S?iral !Xclwllcers 8 11 600 70 

It will be noted that the utilization is fairly ineensitive 
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to changes in size of individual exchanger~3 t.o veloc! ty through 
the tubeso The utilization, as shovm by the l!10re extensive d;ltu, in
crea-s,6s rapidly "uth inorease in the siz;;;) of the plant .. 

Calculations are also under ';is::! to determine the power 
out.:lUt and P-9 required for a homogeneous slurr'J pile w11ich-Nould 
have the maximum utilization of ?-5 (KVI/ton).. By bal:.mcing t,he added 
hold-up ;J.guinst the added hea.t removal of additional heat exchangers, 
Dll o~yt.imur1 number of heat exchangers is eventually reached. For a 

. 11 fto diameter 8)he1'1c01 }ile, :ind ::l heG.t exchanzer ,.if charGctel'is- . 
tics outlined in the second roY! of the previous table, a lIDa:dmum util
ization. of 4~,700 KW/ton occ.'Urs with 88 tons of P-9 using 225 heat 
exchb.l1ger~ placed in six consecutive rows around t~ie pile. The ef
fect of tube sizei' tube length, nu.rnber )f tubE:6 )eT heat exctwneer, 
and velocity of through-put are behig i.nvestigtl.tell. ,'jl1:ile such cn.l
culaticms yield fantastic utilization and pile size values, they do 
£UrIli 811. clues as to the direction in which any i:1provements in de
Sif.;l:" should tend .. 

During the course of the utilization calculations, numer
ous arrangement sli.etches have been rl1ade.. .rust enough det:..:.il h:::ts been 

. included tJ show that a given arrangement is )hyslcD1.1y :?ossible. 
Work has now been started Oll ~ore detuUed drq:vlings of verticnl ex
chcngers, pumps, and piping, arranged around a )ile with hemispher
icnl bot'~om" 

Tilting the axes of the exchangers off the vertical 
duces no decrease in the hold-up for a given umount of heat tr.::-msfer 
surface" 

II Effect of Corrosion-Erosion on k 

The percentage loss in k in a homogeneous pile for a given 
rate of combil1.ed corrosion. and erosion ond a given r~ite of removal 
of metal for processing may be estim .. :.ted as follows: 

For stainless steel surfaces (Sp4' Gr. = 7 .. 86) the pounds 
'of steel entering' the system per day 1s 0 0 112 A 9, where A 1s the total 
eroding area and p is penetrution III inches ?9r year. For steady 
state operation; the,amount of steel enteriLg the system in a given 
ti:ne l:J.ust eCiual the a.llOU.n t removed wi th the inetal oxide for separa
tion of ~Jroduct.. Assuming a slurry concentration of 250 g. met.al 
as U02 :;Jer 'liter, the alllount steel removed 1)cr day is 470 rWx .. 

Hence 470 n/x:= 0.112 A P 

where f is the fraction of ~aeta.l )resent in ttl.s entire' system which 
is removed )er dt.Y:I VI is the weieht of P-9 in the syste:n, wd x is 
the concentr(;1.tion 0f steel in the systen e:;:)re:33co. us )ouno.:J of ;steel 
?er :Jound of Eletal. Therefore ll 

in k is 0 .. 0258 ~ 
fW 

x ::: 06000:258!..Jl and the gerccnt loss 
fW 

where D is the dc.neer cOflfficient of the steel, 
(1~9 for 18-8 S) .. 
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fW 
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The following table gives some re)re~3entative values of the 
:>ercentage loss in k 'the total surface exposed to slurr.f is 50,000 
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4010 l"OOO~:-Q-OO-2' 

I' • ! 
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processed ; I;' I 
each da- 'I • 

I I , ! 
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I 
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I I· ; 

2.1 ! 
, 
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! ! I 
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I I I 
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:;>ears that a satiofuctory design cqn be expected" 
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SECTION E 

.APPLICATlm~ GROUP - J ~ R .. Huffman, Group Leader 

Su.rnmary a.11.d Conclusions 

Information on the hold-un anddesip,n coefficients of 
<f - - r 

available cO!M'wrcial heat exchangers and on slurry pUJl1[)S has been 
obtained fI"Ol!l :manufacturers~ The life ex",ect~mcy of' ~1umpS and 
exchangers may determine the number of spares required and the abil
ity of a plant to operate at full capacity for a sati8facto!'Y length 
of time .. 

. ,. 

Work on the details of cooling water headers, shieldn, con
trol rods, breech blocks, tube closures, coffir;s, etc .. ~ for a 
water cooled P-9 pile has been slowed do~;'l1 so:nswiw.t due to a shift 
of personnel on to problems related t,) the slurry .)11eo HO~lOverJl 
severnl addi tiona! working dra'iiil1gs have been prepared and !;~re under 
COl: sider~ltion .. 
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I Water f-9. Pi~..l!..esi.!¥l (J .. J 0 Goettl' Mo To Kane, Go F 0 c;.uinnjl 
Lo B. Thom~sonll F .. Ro v'lard, J .. To. Weills) 

During this month, the emphasis gradually shifted 
from the water cooled heterogeneous ~1ile to the homogeneous slurry . '1 

nile and available nersonnel have been shifted to nroblems related 
.b ti' ... . (, 

to the latter.. Consequently, some investigations 011 the former 
have not reached a point where coherent data can be presented .. 
Heney only the following summary on present status is re:,orted: 

I,,) A design of a "spidertl for centering and holding 
the bottom of the metal rod has been com)leted~ 

2 .. ) Calculations on a. lead coffin for discharging rods 
have been finished and detailed dr:::.wings will be 
started soon .. 

5~) Working drawing LZ-lA-4A on the water connections 
I::l.:nd details of l)i1e construction has had a first re
vision.. The following addi tio!HU detail drawings 
have bea~ completed: 

Ao) LZ-v/-SA - Header Arrangement and Slab 
Shield Supports 

Bo) LZ-W-6J\. - Detailo of LZ-v'J-SA 

C .. ) LZ-W-7A - Arrlmgement of Slab Shielding 

Do) LZ-W-8A - Gauge Board for Inlet Header 

(AltlLugh no copies of these dr.'lvr.i.ngs ure 
, eluded in this rs)ort, they eem be made 

able on request.) 

) Nine modified tees are being made for erosion~ cor
rosion and )ressure drop tests .. 

5,,) The full scale nine tu.be model of the ~1ile top has 
been assembled and ;:>hotographed" Work on other ::tod
els is to continue" 

6 .. ) A full scale drawing of a oom)lete pile tube has been 
fini shed 0 Al ternate design details are being added 
to ito 

7.} Considerable time has been s)ent gathering in.forma-
\ tion on control methods and P.1echanisms" One control 

mechani31u has been ~{etched .. 

8 .. ) Work on shieldil1!3 has been absorbed into the more 
general uttacI{ as outlir,ed earlier in the reportg 
(Theore"l:,ica1 Group) 

) 
?' 
I' 
,~ 

I 

- 10 .;.. 

I Water P-9 Pi~ ~!siRn (Jo J o Goett, M. T. Kaneg Go F~ ~uinn, 
10 B. Thom~son9 F. R. Ward, Jo T. Weills) 

During this month, the em?hasis has gradually shifted 
from the water cooled heterogeneous )i18 to the homogeneous slurry "1 

nile and available nersonnel have been shifted to 'lroblems related 
h fI"' .. ' «-
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Co}LZ-W-7A - Arrangement of Slab Shielding 
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(Alth:ugh no co;)ies of these dravn.ngs are in-
, eluded in this re;,.lort, they can be made avail

able on requesto) 
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rosion and :;jressure drop tests .. 

5,,) The full scale nine tube model of the 11ile top has 
been assembled and ;:>hotographed.. Work on other ::1od
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finished.. Al ternate design details are being udded 
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70) Considerable time has been s)ent gathering in,forma-
, tion on COlltrol methods and r1echanismso One COlltrol 

mechanism has been ~ketched .. 

8,,) Y~ork on shieldin[:; has been absorbed i1'1 to the more 
general attack as outlir,ed earlier in the reporto 
(TheoX'etical Group) 
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90) No further consideration of metal solution in situ 
as appl~ed to P-9 piles is contemplated. This lnethod 
of operation adds, .. to the complexity of the design and '.', 
operation of a plant and offers no saving in ti'ie of 

., construction.. r~qemorandum 111 cover~t~1is subject in 
more detail. 

II Available Commercial Heat Exchangers (Lo Bo Thompson, F. R .. Ward) 

The Andale COmpa.l.1Y" t,."'e Schutte Koerting Company, and the 
AI!l.erlcanHeat Reclai;:J.ing Corporation have been approached ,vi. th the 
problem of constructing a leak-proof' stainless steel liquid-liquid 
ht'lt.i.t exchanger having as small a liquid hold-up and as high a rating 
(heat removal) as possible. ~ 

A brief summary of design coefficlents for tubular heat 
exchangers is given in the following table: 

Recommended DesigQ Coefficients 

MB.:!'.. Tube * 
Tu be No. - Spacing 
Size Tubes c~to co 

1/41!0 .. D~ 1615 5/8" 

5/8ll0 o D .. 1850 1/211 

Maxo Tube Diameter 
'lUbe TJ:dekness Tube Overall 
Leng~ B"W .. G.. Bundle Diameter 

10 ft.. 18 1611 25" 

12 ft.. 16 2511 5011 

Overall ** 
U 

750 

650 

5/8 tlO .. D" 1800 15/16" 16 ft. 14 57 11 48" 550-600 

:~~axi."llU.lIl velocity: through tubes 10 ft./sec.:i on shell side 6-7 ft./see. 

-~ Triangular spacing 

ih~ Btu .. /(hr .. ) sq .. ft,,)(o Fe» . 

Spiral heat exchangers can be made with a 5/811 annulus 
and 54" long, having a heat tronsfer surface of about 1200 sq. ft .. 
F.l.Dd a hold-up of :25 cu..fto> Allowable veloc! ties seem to be limited' 
by the high pressure drop in this type of exchanger .. 

,I 

Further design tind construction deti..Lils a.re~given i.ri CE-865. 

III Slurry Pumps (J. J 0 Goett) 

The )reliminary survey on slurry 9llmps has been extended 
sonewhat by further confe'i'cr;.ce with manufacturers.. Since cm:)hasis 
has shifted. from a hi gh-densi ty slurry recluiring high head ;)um,[ls to 
a low-density slulT'.r permitting the use of low head pumps, the in
ve'stiga tion of feasible slurry pumps has had to be broadened.. Both 
types of service ;require large ca~)aci ty, minlrnum hold-up l) substan
tially no le;1lt:8ge (or recovered 1ealmze), special methods of lubri-
cation, and no direct ma:i.ntenanceo . , 

/' 

'1 4 I'\l 

" 

f 

o· 

- 11 -

9 .. } No further consideration of metal solution in situ 
as appl~ed to P-9 piles is contemplated. This lnethod 
of operation adds\ .to the complex! ty of the design and ",l', 

o)eration of a plant and offers no saving in ti;e of 
., construction.. flIemorandum 111 cover:7.'t!1is subject in 

more detail. 

II Available Commercial Heat Exchangers (Lo B .. Thompson, F. R" Ward) 

The Andale COffi;;J311Y, the Schutte Koerting Company, and the 
.Ar1erlcanHeat Reclail3.ing Corporation have been approached t'dth the 
problem of constructing a leak-proof stainless steel liquid-liquid 
haf.i.t exchcmger having as small a liquid hold-up and as high a rating 
(heat removal) as possible. 

A brief summary of design coefficients for tubv.lar heat 
exchangers is given in the follovdng table: 

Recommended Desi@. Coefficients 

Max" Tube * Max., Tube Diameter 
Tube No.' Spacing 'lUbe Thickness Tube Overall Overall ** 
Size Tubes coto Co Leng~ B.W .. G .. Bundle Diameter U 

1/41!0 .. :o .. 1615 5/8 If 10 ft .. 18 1611 25" 750 

5/811Oo D .. 1850 1/2" 12 ft .. 16 25" 5011 650 

5Ls"0 .. D .. 1800 l3L16t! 16 ft .. 14 57 11 48" 550-600 

:';~axi."l1UlD. velocity: through tubes 10 ft"/sec.; on ahell side 6-7 ft./aec. 

* Triangular spacing 

~Bl- Btu • ./(hr .. ) sq"ft .. )(o F .. ) 

Spiral heat exchangers can be made ;Ii th a. 5/s11 annulus 
and 54" long, having a heat transfer surface of about 1200 sq. ft .. 
I'llld a hold-up of Z25 cuSt.. Allowable velocities seem to be lim! ted' 
by the high pressure drop in this type of exchanger .. 

,I 

Further design tind construction det,dls are~given iri CE-865. 

III Slurry Pumps (J 0 J 0 Goett) 

The )reliminary survey on slurry 9U1IlPS has been extended 
sonewh.::..t by further confe':cr<ce vii th manufacturers.. Since cmtJhasis 
has shifted from a hi gh-den si ty slurI"'J reclulring high head )um.Ds to 
a low-density slurry permitting the use of low head pumps, the in
vestigation of feasible slurry pumps has had to be broadenedQ Both 
types of service ;require large ca~)aci ty, minimum hold-up, substan
tially no leakage (or recovered leakaee) 1I special methods of lubri-
cation,and no direct moilltenance" . , 

" 

f 

o· 

- 11 -

9 .. } No further consideration of metal solution in situ 
as appl~ed to P-9 piles is contemplated. This lnethod 
of operation adds\ .to the complex! ty of the design and ",l', 

o)eration of a plant and offers no saving in ti;e of 
., construction.. flIemorandum 111 cover:7.'t!1is subject in 

more detail. 

II Available Commercial Heat Exchangers (Lo B .. Thompson, F. R" Ward) 

The Andale COffi;;J311Y, the Schutte Koerting Company, and the 
.Ar1erlcanHeat Reclail3.ing Corporation have been approached t'dth the 
problem of constructing a leak-proof stainless steel liquid-liquid 
haf.i.t exchcmger having as small a liquid hold-up and as high a rating 
(heat removal) as possible. 

A brief summary of design coefficients for tubv.lar heat 
exchangers is given in the follovdng table: 

Recommended Desi@. Coefficients 

Max" Tube * Max., Tube Diameter 
Tube No.' Spacing 'lUbe Thickness Tube Overall Overall ** 
Size Tubes coto Co Leng~ B.W .. G .. Bundle Diameter U 

1/41!0 .. :o .. 1615 5/8 If 10 ft .. 18 1611 25" 750 

5/811Oo D .. 1850 1/2" 12 ft .. 16 25" 5011 650 

5Ls"0 .. D .. 1800 l3L16t! 16 ft .. 14 57 11 48" 550-600 

:';~axi."l1UlD. velocity: through tubes 10 ft"/sec.; on ahell side 6-7 ft./aec. 

* Triangular spacing 

~Bl- Btu • ./(hr .. ) sq"ft .. )(o F .. ) 

Spiral heat exchangers can be made ;Ii th a. 5/s11 annulus 
and 54" long, having a heat transfer surface of about 1200 sq. ft .. 
I'llld a hold-up of Z25 cuSt.. Allowable velocities seem to be lim! ted' 
by the high pressure drop in this type of exchanger .. 

,I 

Further design tind construction det,dls are~given iri CE-865. 

III Slurry Pumps (J 0 J 0 Goett) 

The )reliminary survey on slurry 9U1IlPS has been extended 
sonewh.::..t by further confe':cr<ce vii th manufacturers.. Since cmtJhasis 
has shifted from a hi gh-den si ty slurI"'J reclulring high head )um.Ds to 
a low-density slurry permitting the use of low head pumps, the in
vestigation of feasible slurry pumps has had to be broadenedQ Both 
types of service ;require large ca~)aci ty, minimum hold-up, substan
tially no leakage (or recovered leakaee) 1I special methods of lubri-
cation,and no direct moilltenance" . , 



.. 
,III 

it 

'. '-: 

f. 

~ 

- 12 -

Centrifugal pumps of the volute type appear to Ineetthe re
quirements best.. The axial flow ty;;>e of pump may also be in the )ic
ture for low dens! ty and low head service., 

A repor.t. has finally 'been )repared going in to detail on\:)' ;4) 

slurry pwaps in zeneral, centrifugal :;rumps for t..l-tis service, and sug
gestions for reducing abri::l.sion, hold-up and leakage in order to meet 
the specific require:'11,ents imposed., 

Further consideration of this 'Oroble.111 aW.!J.its the establish- ,.1, 

ment of s)6cificcJ.t.ions on ~')res;JUre, 'diff~:rentia1 head, temlJerC1.ture" 
slurr'Y consistency, and ca:?aci ty" l:lanufacturers can then bo presented 
with a Dare definite picture of the requirements. Indications ~loint 
to an extensive experimental ?rogram using full capacity pumps of the 
a.da.ptable conunercial rna1.ces to determine oper~Ltion cltrc3cteristics. 
and life ex)ectancy under no maintemmce COLd ttionn nnd to investi-
gate i1!t;,JI'ovements in design to meet requiref.'lents .. 

IV Pg,iI'Jer Ratinl' vs .. Time of' Operotion (J .. R .. Huffman) 

Prel3ent design envisions a homogeneous slurry pile surround
ed by a sufficient number of cooling units, each consisting of a 17Ump 
and heat exchanger with connecting valves IJJ.1d pipes" Because of rad
ioactivi ty, the only sufe B3sul1l.:,1tion is that this equi;?ment ca:nnot be 
repaired or re)laced after useo Spares can be )rovided to maintain 
~')rooulltion at rated cu)acity orOpori.ltion at reduced output can be 
resorted to as cooling un! ts fail and arc blanked off .. 

Statistical data on the life ex)e~tancy of pumps, etc", are 
being collected in order to· determine U11.d balance feasible life time 
for the plm'lt as a whole, probuble rate of decl"ease of r::.t.ted Qutmt 
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with a !lore definite picture of the requirements.. Indications ~)oint 
to an extensive experimental program using full, capacity pumps of the 
ada;:>table cornmercial mal<:es to determine oper~ttion clt~acteristics. 
and life ex)ectan~ under no maintenance co~dttionG and to investi
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