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SOME HOTES OF POWER PILES
By

Gals Young

. 1, Introduction. This report presentsv some considerablions on pover

piles op@rating on thermal or asar-thermal nemntrons. Atteatlen will here .'
be limited to high temperaturs units, the coclapts being gases or liguid
metals; thers is also current éi@eu@siou 6f pedlum temperature power ﬁﬂl@@
gonled by water under high praasur@ml As moderator, we shall mainly eon-
pider Re metmlpvmith‘aamé son%ion of other high t@mperatgre modorators sueh

as grapbite snd Be oziﬂeaul. Porther refersncss on varions pile types and
2

materials have Deen given in a rocent nemo.
« I% ig hoyped %haﬁ a pover pile operating on slow meukrons can ghout
hold it own on fissionable materisl in a EﬁaThvayQI@g and thus eea@mtiaily
5uxﬂ‘tbﬁrium as fp&l to obtain usefn} heat and power. Ae a necesaary shep
in this @ir@atioﬁu'we shall require the néu&roﬁ loszee in ﬁhé pile %o he
ressonably low<; gome mention of losses in the thorium blanket and in
the chemical procsesimg plante is also made, but po real discuaﬁi@m af
b?@edimg lopoes is a&témpt@da .
Booaues of its avellaebility and r@lat&%@”fremdom fromn h@alth.hasardgg
it_@"pp@w@’ that the first test pilea’ e mfz wse 25 iaskesd of 23, snd the
pilé malculaﬁiona have. fox E%@ mogh part. Deen meds for 253 hdweveg& the
annlear properties of Be. Béo,.mnd‘ﬁa are unpeasured or uncertain %oiéuah
an axtont that the calemlaﬁiaﬁa are iargely grops-vwork anywvay.

~

2. Gas Cooling, GSome eslculations on the oulput of a Pe metal pile

‘woolad with helium have Yeen reported previoumlyus The specific pover ob-

talced was quite highi however, ths plle composition was such ao to invelve

considerable neutron loss to the moderator., the assumed helium pressars was
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high, and the pile plates were susumed quife thin. Ae there suggested.

one would like to increase the ponaenhration'af Tissiorable materigl in
the moderator in order to reduce the neutron loss to a value mot inconsisb-
ont with the hope of breeding, and see how s ch fhim lowers the spacific
power output (power per ualt gmownt of fissionable materi&l)o' Algo, orns
would liks to sege the efzeat of in@reasing the plat@hh thicknesa, and

the offect of lowering tﬁe a8 presanrev

Takle I gives the results of some calculations mede in this cosnec.
tion, based o pile computlations by Goldbergeruu The first eolumn'of
Tosults ia'repeatéd from befoxesg in the lasf two columns the breeding .
logs due to moderator sbsorptioa has been reduced to L4.5%, and in the last
column the plate thicknesas hes boen increased t¢ 0.5 cm. Reduction in
gas pressure would further decrease the power output, approximatelyAin
proportion to the pressure; and go likewisgs wounld a reduction.in the tes-
peratuée rice allowed inm the pile.

Introduction of 82. gcophits powdexr has been congidered? for the purs
nose of incressing tho heat capacity of the g&aa The ampecific heat of
graphite is about one-third that of helium, aﬁd thus we would need a
graphite Zlow of 100 g/amz sec te matoh the heat cspacity of the helium
fJow in Table I. If the gcaphite con bs carrief at o density of 0.5, this
would reguire a speed bf two moters per'aeeondo as compared to tha 1L0
meter sposd in Takle I alse the high gaﬁ pressure csn be avoided. . Such
a graphite "liquid® han attractive features, dbud haé §er§aps rather poor
theraal conductivity and heat Sransfer propertima. ané is probably quite
& nulssnce to handle and to keep flowing in nsriow dacts.

Hydrogen has beltter eooling propert;eé than helium and has beon glven

s0no cansiderationu5
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Table I
P~ 3290 B Pressnt Cases
. of 25 + wt, of Be T 0.3F T 1%
Atoms of iBe + atoms of 25 - ; 8,700 2,600 |
Absorption in Be - gbs. in 2§ f 58 N . b, 56
25 in bare solid sphere 3.8 kg ' : 6.3 Eg
Bo in bare solid aphers 1,260 kg ' 630 kz
Redius of bare oylindrical pile 103 cm ‘ 103 i b5
Hoteht of fr:are .cylindricé.l pile . 160 om ig0 | 12.‘1
Gap volume - total volume 0.5 0.6 .0,375
Total volumg = golid volume 2 2,52 | 1.6
Amount of 25 - - i7.3 kg 45.7 ‘ 184
Ampunt of Be | _ 5.8 m toms . 4.6 ! 1.8
Stroam thicknese™ 3 am . 3 3
i’l&te thickneasm‘ . 3 om 1.97 5
Helivm pressure . 50 atmon. 50 © 50
Eﬁ&ﬁ@m' helium flow rate 32 m.,%wm 32 22
cn” 8és _

Mgximum hellum veloolty | 145 u/sec 145 138
Pressure drop in pil.e pfnpe‘r 1.2 atms.3 ‘ 1.2 0,74
Gas flow sptering pile at ~'300°I 5.5 x 107 '%2’; 3 6.6 x 107 ' 1.6z 107
Pile friction pumping pover 6,600 ku 8,000 1,200
¥axismum wall tempsrature rise o 58];0 C.. | _ oL : 581
Wall rise + stream risg 1.12 ? LN 1.26
Streem rise | 518° | 518 161
Heoat output : 617,000 kv 77@35060 ' 16k, 000
Qutput per amount of 25 : 35,600 kufkg = 16,300 8,900
Factor by which oufiput per 25 . | =i . 2.2 ' 1;8
10;1“9&11(:@& from preceding colnmm _ ;

x'  Outgut per amount of Be 106 xv/kg 162 91
Ma&:}:iz&%m heat flux from plate 25 ;;géizag i 25 35
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3. Liguid Helal Gooling, Some previoué.@stimates6 on a Bo mgtal
pile cooled with Na are eseentially repeatod in the first colmmn of rasults
in Tgble II. The last column gives the results of seme calculations on
2 diffexént system ip which the peutron lousses have been gomevhat reduced
and the stream thickness incressed. The pils oize estimates are based

4 In the present case, many of the neubtrons are

on work by Goldberger.
absarbéd befors they reach thermal energy, ©o that we bave actually s
"goml-Tesonance” or ®pomi-thermal® pilet?; to take mccount of this would
reguire refinemenés in the caiculations, but in view of the ﬁncert&intiea‘
in the hasic data such corrections bave not b@eﬁ wvorried about. For
A“fulla:eéonanca" §ilem of thig type see other setimatee given by Goldbergero7
The nevtron 19636@8 are rother larger then in the gas cooling ocses
above: bowever, the Ne loss can be reduced {by perhaps & factox of 1.5)
by decreasing tho relative gmount of Fa in the outer parts of the pile where
loss cooliné‘is needed. The eap%ufe eroas-poction of ¥a was teken ée 0.6
barns in the present calculgiions, sﬁd.%he-th@rmal conductivity of Be and
of He vss assumed to be 0.2 in cgs-calorie wnits.
The absorpbion in Pb is about ome-third that of Ns, and that in pure
Bl 13 about 0.1 that.in Pb; thus the coolant losses may be roduced corres-
pen&inglyso byrﬁh@ wng of thess liquid meﬁalsgs theix ﬁherﬁal conductivity
ig. howaver.}ouly 0.2 %hat of Ka, and ﬁhey are about ten times as heavy,
which mey mgke them somewhat'more difficulf to pump and handle. The produc-

tion of Po by neutron capture investe Bi with a psculipr health hasard.

Plles of this sort are on the way towsrd 49 resonance braed@rao?° 10
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Tadle Ii

B it

Modifiod from

Fresent Caco

Muc-GY -39
Wt. 25 < wt. of Be 1% b
Atoms of Be <+ atoms of 25 2',600 . 650
Abgorption in Be = ahe. in 25 4.5% 1.1%
25 in bare solid sphere 6.3 kg 18 kg
Beo in bare solid sphere 630 kg ‘ ' 50 kg \
Plate thicknesst? 1 em : imm
Stream thickness™ .1 mm 2 um
Absorption .in Na < gbs. in 25 u.7% | 5.8%
Amount of 25 | 8.l kg i 40 kg
Amount of Be 840 kg _ ! 1,000 kg
Radiws of bare cylindrical pile L;h'om 52 cm
Hoieht of.bafa cylindri cal pile B2 om g6 cm
Total duect cross-section . 560 cm® 2,830 cn®

Mpxisun eoolant epcad
Gendor mtre@ < average siream
Total flow

' Tempesratu;"@ i

EBeat capacity per ueit volume
Heat output

Quiput pexr 25

Qutput per Bs.

Meximum £lux from plate
Mezimus temp. drop in plate
Heximum £ilm dropn

Hoxixom local riec - etream rise

103 o/ sec
2,32
2.4 x 107 cmB,/mav;z
o
333" ¢
Ol’) 3 ‘-N‘-ca}mran
em’ deg
100,000 ky
kw
i2,06c0 ‘ji'g

120 kv
kg

1
96 —.S8%
em seo

120°

10°

103 onf see
2. %2
1,2 x 108 omf zae

333° ¢

0.3 o8k __
cm3 Aog
560,000 kw

12,500 kvwike

500 kw/kg

3 eal
160 e

cE— 800

g0°
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4. Heat Plov in ?ile Agsemblios, Pile ascembliea fr_eqaently approxi.
mate plate or rod shapes. Let o denote the rsdiué or half-thickness,
p - unlform rate of hoat production per unit volumo, O = center tem-
peraturs measﬁeﬁ 2hove the surface .temperatureq € = average temporatvre
measured m;ove that at the sﬁr_face. gnd £ = thereal ccnauct_.ivity of

tho material. Then we have the resulis given in Table III, For the

»

6 e
, 2 -
Rod %Ez ] %% -

‘ namo surface-to-voluse ratio rods are woreell than plate;a, by' a fastor of
2 on 8 and g faclor of 1.5 on .

Thermal siresses or atrains at a cooled surfmes depen&lz on 8 and on
propmrﬁies of tha maeterial. azd their sllowabls values dep@nd.upon the
strength and tiuc!tiim:,* of" thg material. Thus we any conaid.@r"*g tﬁ&t thare
is 8 pgximum gllowable valus of ® for s given materisl; since .the propor=
tiags 'of the material may vary with temperatuvre. the allowabdble value of 3
mey depead uz')on the temperaturs of ths assembly.

Le% E = Young's modulus of slasticity, X = 1linear expansion eceffi.-

cient, and ¥ = Polsson's rabio. A% the cooled surface of a perfectly

elastic (i.0.. showing neo plas'sié flow) material we hmvel'?
ghress = %ﬁ(;ﬁ 3

-7

ond, more generslly,



na
strafn = K 6, o (2)

Table IV gives some rough numé;riéal values by way of illustretion, It
aiapeaml} that Be0 shows l}ttle plastic flow, even at eleovated tesperaiure,
and hence that § muet reé,lly. be kept quite low. Graphites apd U appear
auite good, oven if They 4id not show plastic flow. The duetility of Be
metal depends upon ids met;h;)ci of preparation and upon ite temperature,

| With the pile described in the last column of Table I we find thet
the maximm value of 9 for romogeneowns plates is 3fk. Asming B =2 0.2
eal, ete., for :Be meté,l &lves 6 = 15° which soundse safo, but ugirg & = 03.02
for Bgo.éi.?ee 8 = 150° which ie unzss,t‘a‘o With Be metal the plile described
in the last column of Teble II.gives @ = 53°, vhich may or msy mot bs safe

tepending on the ductility:,



K.

netal

Zgble 17

! Bo® BeO Graopbite U Congrate
. . 56 6 6 [ ‘ ' -
E in atmsp@erea . 2.6 :x‘ 10 31210 | 17x 1o 1.5 x 106 2.5 x 109
Pensile bresking strength .| 2.2 x 10° 10° 108 7z 10 19
in atm :
Breaking strain 1f per- 0.08% 0.03% 0.174 | 0.47% i 0.00%%
feetly olastic :
Typical observed atraia | 0to 2% SO, e Cuwveral $1 ~cem

: ' -6 -6 =61t =6 -6

o\ per degreec C 15 = 10 10 x 10 Lbx 10 :26 x 10 il x 10
8 to give strain (2) ‘3330 500° 1250° 250¢ !45@&
of 12}
© %o makte the stress (1) 3g° 22° 100° 156° 62
aqual to the bresking
gtreos, assuming
U = 13 (excopt for
congreto., whers 0.2 vas i
ussd) |
Rofeoreness Chicago Hand-)(13) and Handbook' 'Handbook (16)

.book IX E2 (1y) ITE ' IX A

s {

b *Forged or 2

X extrudod : l
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5. ~Comparicon of Difforent Moderators. Some @erlye' 6lmnd S0Re TOTE

recent 3¢ lHe 170 18, 19 a450n0010n of tho relative merits of varilous moder-

20, 13 contemplate the use of

stors has been given. Current work by Daniels
grapbite wvith U installed in its pores in.tholfofm bf‘oxidap sather than
with U carbide as firat‘eonﬂid@rada

Some comparison between eolid swdorators vas made in thé previéus 86C-
tion gbove, end this is carried o littlie farther in Tghle V. Occaslon o
tokon in this table to present & fov estimates on relative plle sizes and
argunts of fissionadle maiérial roguirad, with piles of the typo discussod
in section 2 in mind, Taeble VI COMDAYeS BOMme fuither'qpantitiae fof Bs
mebal and graphite piles haviang thé s&me\nentrpn losg to the moderator, %he
same £ractional volume in cooling voids, and the same plate thickness. It
ie scon that graphite shows up guite well, its lowsr abéorption giving b B
three times gs much cooled surfece wiih consequent reduction in film drop-

Thore have not yot been avy tests of the effsct of internal fissions 1 upon

n

Be metal or graphito, and the values given in the third line of Table V may

‘be gquite mislea&iﬁ.xxgol‘5
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Pable ¥

; Grepblio

»Graphite value from Handbook IV; Be
and Be0 values from {22)

4+ Be and BeQ values frem (23)

s o4 e e e sy e

Be Be®

Denglty 1.85 3 1.6
}wlative nentron absorption p@x' nait 3 2 ?
volums

Thermal cgnductivity of bombarded .2 cal,ete, .02 .02
matesriel

Equally allowabls 6 (euessed Zrom uo° 10 100
" Table IV)

Rels-ive specific pover output for same 26 j i 20
plate thicknoss and same neutron losses 3

T - sgev 96 cm? 110 e 387 ca®

|

12 cam* A g2z cm? . 582 em? 2,500 on
L2 hot, estimated as 1. 6 x 12 cold 99l em® 930 emd 4,000 en®
1® in pile for abont 5% mentron loas %o 50 cm2 L7 om? 200 eme
sodorator : f . '

T+ 12 in pile 148 en? 157 end 567 cm®
Relative T + 18 1 1.06 3.96
Relative pile volumm ""( + 1;2;3/ 1 1.09 7.9
Relative absorption por unit volume 1 | 2/3 1/3
Relativs critical macs of Pissiomadble 1 : .13 2.6y
paterial foxr dare pllos with sams 1 .‘

neutron ilose ‘

Belative hoat capacity por unit amount 1 1.6 1.7
of fiselonable matorial
iCm;'é; neT pound57 30 dollavcs §15 dolligrs 15 cents
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" Pgble VI
- Be Graphite
Linear dimension B ! - 1,99
Cross-gection ares ’ ‘ i 3,96
Amouﬁt of fissioﬁahle material ] 1 2.64
Total plate surface : 1 1.9
Doct area for unit fissionable | R i ' | 3.5
" material o
Heat itransfeor surface per wnit 1 ! 3
figatongble materisl. '
Plate power ouiput (11#@ 5 of 0.77

Table V)

_~_-,_,_
[

6. ZIombardmont Effects snd Breeding lossesz in Plle. Henford slusgs

gnccensfully withetand, bud perhaps show soms effects ffonehs oo eXPOB/ULG
in which ong atom oub of 2,000 is fimsioned. A zod made of BeO with U
631@@ hed its thormgl resigtanes increaned by a fsotor of five when ona
atem in 50,000 total was ficsloned. .A'U_foil was obperved to bs completely
noviersd after one abom in 30 had fiae;oned¢2§ Io the adbsence of any real
‘ infarmagion we shall gugss that s piieAalloy nan bo run wetil & fraséion
§%= of ite atoms has fissioned, whera o\ 1s g few thoveand, This suggents
that the pilesn of.Table I aod the first column of Taeble II might las? un§ﬁ1
mosh of the active mpterisl had fissioned (providéﬁ not teo muach of the He
is preaént in the form of inert jackets, spacers, eobe.), but that thé pii@

in the last column of Table II might withstand the fissioning of only 2 frac-

tion of its =a2ctive materisl.



Another consideration invelved in determining the length of %ime & pils
‘plate should dbe run i3 thoe breedirng loes arvising from fiasioglproductso i
not romoved, these absorb'pautréne» end if they are removaed, a fraction ¢ of
the setive material ié lost in the chemical purificstion process; thiec conflict
rasults in an optimom period of operation between purifie&tionsaZG

For proesent purposes, we shall give only a rough appreximate treatment
of thase matiers. Aseuming a fixsd loes (of about %) %o the Xe and Sam, w8
euppoeez7 that the rest of the fission products can be represénted ag o permg-
nont cross-asciion of 50 barns per fission or (in the case of 23) i45 barms
por a@struction; If the fraction £ of the active material nsed wp before
the plate is reprocessed is emali, vo have (in eddition to the Xe end Sm loss)

L = Losses = HPE:E* o 4 T_e "
¥ = Absorption in U Wy Oy § " 20y (3

where N = nuaber of sboms, J = éross-ssction for ahagrption,.and thé
subacripts P, U, F refer reaspectively to plate, uranium. and the above
doecrided (non Xe or Sm) fiselon product stouws.

A q&antity of the form % 4+ A f has its sinisum value 2\/23 for
£ = \o/R ;i the nature of the solukion being sueh that the two berma
contribute squally_to the resuiting minipum value. Thue, th@haum of the

lant two torme on the right ¢f (3) hae its smallest value

\/20 ﬁ’ﬁu - _ (1)

Zor £ = \fac ﬁ ’ | : (5§
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With our present msterials we bave Up = 45, Oy = 620 for 23 and
awﬁmiug 1% for ¢ gives a loss (B) of 3.8% for o velus (5) of £ = 0.53%
Por such g large value of f the sbove formulae asre imaccurate, but ab
least we have here come indication that it may be desirable to dépleise
aprreciably the plates before reprocessing them, Using these values we

have for the lossea in tho plles described in the last two coluzms of

Table I the values given in Table VTIii.

Table VII |
Xe and Sa , % |
Other finsion produects 109;
Shgntcal 1.9 i
mmé | : :  f 4.5

Total 1%

When the gbove plate has been run ﬁo £ = 0.53, we have one aton fig.
sicned ous of 4,900, IfK = 2,000, we could reduée tho relative amount
¢f Be in the pile and so dooremse the ﬁxlate loss Zrom 4.5% %o
% z 4,5= 1.6%, which 18 & aav;mg of 2.7%.

| However, wo can @ even further im the e.djuétment of the ‘BofU ratic
to reduce loesss. In She firet term on the zight side of (.3) introduca

TA = Bp/Hy to get

L O a.
+ ( P )i A
5o 5oy } £, | (6)

‘whieh minimizos in the same vay m'bef’orm tut with an incroased value

for #. WithGi =z 2,000, Ty = 0.0107 for Be (which mstos tho 4.5% plate



w il

logs in Ysble I conoiateﬁt with our other numbern); end the other values
a8 before wa obbaiz L min = %.% (a3 compared to 5.6% in the preceding
paregraph end to 8,38 in Table VIIi, £ = 0.38, and Bp/¥y = 760. This
vaine of 5p/Fy ip close to the composition in the last columm of Tadle 11,
and thue for such s pile we have loages a3 glven in Table VIIX. With

»

Padle VIII

Ko god Sm , : 1%

bthe? figeion produchs B U

Chemtesl 2.6

Plate 1.3

Ha 6.7

Potal z 19 4 |
i

popsible re@uctiqn in the Na loss, a3 mentloned in section 3, the total
loss decreases to about 17$H; with Pb ccqling the total loss might do re-
duced to around 14%; ana?® with BA cooliﬁg,'to about 13%.

In the foregeing estimates we have nssumed an ideal unloading scheme
vhoreby each plece was brought to a given velue of £ before reprocessings
in practice some campromiae would likely bvo made for.mechaniﬁal convenience,
and this would increase the losses somewha®b. Also, there will be losses
e $0 pile controlet and to heavy isotope formatiénﬂes

In the absve echeme of opefation, the amount of achive material that

1-¢ ‘

goos to the chemical plant for purification is.gfm times the smmount

destroyed in the pila.
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7: Semi-Fluid Piles. Soms of the piles mentioped adove contain

sppreciable amounts of liquid metal and are perhaps suggestive of designa’
ip which the fiesionable material is lopataa in g liquid metal bath rest.
ing sgelinst Be walls through which the heat passes to s moving coolant on
the other nlds of the wali, the object being to have the solid paris frue
of internal fimeion529° 589

Use of the fissionable materisl im & fluld form would not appear;
from the results of the preceding section, to help such to reduce the
loases in the above thermal piles excopt as it mekes the fipsion products
{eopecislly Xe1353 BoTG casily removable: this might be the case with some
of ths g&senjoa Howevar, in Tesonance pil@87 the ratio of Be atamé te'
fisslionadble a&éma ney be moré like'lcc wvhich, witﬁ.o( = 2,000, would re;
- gquire § not to exceed 0.0%; in thils cna@ke with ¢ = 1¢ ihe chemical lonoes
would ba 20H. énd it becomes important to either improve the chemical
piant~of to iﬁcrease the.reaid@nce time of fissionable materiai in the
pile between rapraﬁ@ssingaa

Use of the active material im g fluid or semi-fluid form may, in
additicn to increseing the allowable residencevﬁimen pormit more of s
continuous flow purification process vith lgas tefabrication of tho moders-

60

tor or other £0lild pile parts and concequent reduction in operabing costs

'8, logses in Blanket. Table IX gives o fev estimates adapted from

the roporte nam@dBBn These are intended to illustrate some of the items
involved in arranging thorium blankets around piles, but have not the

status of resl calculatione or design choices. VWater-thorium mixtures

hava been mantioned32° but not reslly computed; the leatage per cent
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éuoted heré i Just g guess.* In the heavy wéter case the thorium {(ap o
thorimm oxide slurry) is consid@red.aa stirred about; in case of the
s0lid arrangenente the variation in neutron density through the reflacitor
would heve to bo taken into account, as well as the unloading achedule,
bafore the mbeorption im Pa and in 23 and the amount of 23 can be gascers
tained. The loéa dué %o Pa is.doubled becange é capture destroys both
the nentron gnd the polential parent of a 2% atom, The éraphite blanket
does not tegke indo aceount any_provision for cooling, and this wounld
increase the losses and bdlanket thickness; aimilarly,‘nd sllowance for
conbinge has begn mede in tbe vater casso. |

Considerable work is needod on tho problem of high efficlency blankets, °
includiﬁg engineering arranéemeht for cooling them and for getting the
pile coolant in and out through them without introducing too great lesk-
age gnd absorption lonmeéa |

There are advantages and dlsadvantages in locating part of the thorium

within the'pile properBBO

+The leskages and thicknesses quoted are not really comparable since in
some ecaces @ plaln reflector has been gssumed outaside the thorium and
in other cases mot.

v
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Table IX

| MUC~EPW-134

Fraction of Th utilized

50 %

N CP-2222

Hoderator Heavy water | Graphite Yatox
Yolume of Th = volume of modersator ——— - 3

W, of Th <+~ wu%t. of moderatof 1 .7 )
A?aaurétion loss in mecderator ‘ 1/2 % 2% ? 3%
Reflec‘i:ar thickness 40 em - 80 cm O om
Leakage loas /2 % 14 24
Asuumod Tedius for spherical pilé €0 om 60 em 4 60 om
¥t. of moderalor 3.3 m tona 1.8 tons a 0.5 ton
Hto of thorium 3.3 _tohm 13 tone | 28 toms
Assured power éutput, 100,000 kv 100,000 kv 100,000 kw
Wt. of Pa | 4.8 kg | !48 kg L.8 kg
Ops = O 13 13 13

Abs. in Pa + abs, in thorium 2% |

Tobtal loso due! to Pa y % :

¥t. of 23 in blonket s e 3.3 kg

Abo, in 23 & gbs. in Th 8%

Ioos due to 23 fission (guess) 24 f

Chemical Ioeq of 23 or Pa 1%

Total breeding loss 2% l

Total Pa or 23 holdup in blanket 8 kg ;'
Reprécessimz lose of Th 0.1 %
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9. 'ﬁ@awy Isotopes. Beeidon mahinﬁ fiseion produeis, plant opera.

tion aleo generates variowus hegvy iaotapms These cemss neniron 10@83&”“” t

ond complicate the chemlceal procesoing. Isotopes of process maberials
{o.8.. U a#ﬁ Th) cannot be rewoved by chemical nathode, end the materiale

way be thus made hot $c handle, requiring remote control operations, gor

nzy have their naﬁtran properilies changed (o.2., the 23 ma$ b6 &@na@urg@
asanines bemb usg). In scme capes encugh diluiion may oceur (e.g., of

23 by 2&)'to appreciéhly affect the pile composition end glve medallurgy

or solubilisy cbang@33§° 5£c

10, Feonomiec fonsideraticne. ﬂﬂauwingBG that rock cen he procosssd

Tor 10 g/ Son, erd that an adequate awount of abomic rav material (U and
Th) 1w available in 100 ppm'c@acmmtration {a figure ten times the averaEe

. | o . _
for the earth*s crust), the co%tﬁj of ray mapterisl is 100 ${kg, Pils

Ew 3 @&r [N .
I ) go that 4f bl

of the ray material cen be viilized the ore cost for head comes out to

uge of Liepionable material gives about 2,000

Ye 10 conts/kw year. The cost of heat anargy a8 ooal is typi@allij ghont
B @/kw yoar, avd the cost o* generating mletﬁrical snergy in, c@al burning
plante is sbout 50 $/kw your,

The écﬁt of gtomic pover i@.@@ﬂ&mmially that o¥f maiataiming.aﬂ&
aperating the p Lent reguired to obtain 1t, the cost of the fusl uséd un
37 '

helng omall. Some estimstes by Thompson ' on the use of o Hanford type

pile to generate electrical anergy indicazte a plant lnvestment of 200 %

300 ¢ per slectriecnl kw, and an epersting and maintensnce cost of 60 to

80 ¢ per electrical kv year. Fo similar ectimates ave yed awailabl fox

v

piles of the soré we are considering here,
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Some attempt can be made te estimste the awvovata of various matsrialn
ngeded in the plazrt.,.l A% an exampls, coneider the pile in' the last columm
of Table ¥, This containa 18 ké; of 23 and, asewming operation at 100,007 kw,
about 110 g of 23 ave destroyed per day. Suppess that £ = 0.2 aud "‘aat
it %tekes 10 days to reprooess g nnit sud returm 1% %o the pile; then we
kave a core processing holdup of sbout I kg, Thso holdup as Ps is 5 3—:@5)"'&-
end the boldup of 23 in the blanket i 3 kg in the beavy waber case of
Taule IX (probably higher in ths other cases). If it %akes ten z‘;a;,r.m to
ropove 23 from the blackelt snd jingtell i¢ in the plle, there i3 1 kg bold.
up in Shis procees. Fox definitences we suess 1LY kg for Ps asd 23 boldup
in the lanked and blasﬁzét procesning: vhis glves a tatg'l: of 36 kg or
' t@rﬁls@ t&@ aﬁammé in ’bh@ cos'é propem; ;,Pha saine jaianiz 2130 reguires two
tous of Be, and ahoust! five tons of Th, and four of heavy water i1f this
"3‘@3@ of blanké‘%s is smployed. |

Table I glves comw @s%im&% on the cost of materials, with a guess

an to how these may change with futurs developmentae. Although not based

Tablo X
How Latov
Fisslonsble materisl ' 30,000 ¢/kg : 5,000
Fhorium y - 10 $/kg | 100
38 ' : : .
Be 60,000 £fton : 20,000
Besvy Wabor ? | 70,000 §fion 43, 000
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on any reel knovledze, the figure quoted for %he present cest of fie-
picnable material 4e intended to represent the E-25 type procees, and
the figure éng%ad for ladter on ls intended to indicaileo how the coat of
praaucing.fiseionablﬁ mabterial rey bo sxpected So be lower with a pile

hreeding process in which moch oy sll of the opersting costs cavr be uet
Y .

L1

by the value of the power produced .

Pable XI ehows costs for the pile junt described with a heavy water

blaxlzet, figured according to the prices given ip Pable X. 'Th@ argisne
\

Tgble X1

o e AV

Malterial gj:g;g | Prosent Cost Later Goet
. Missiovnalle material 35 kg ) 10.8 x 107 $ | 1.8 z 105
Be 2 toms 1.2z 10 2 0.4 z 195
Th - 5 tona 0.5 z 10° 5 x 107
Hea vy w@ﬁar 4 tens . 2.8 =x 107 1.6 5 30°
Totel of items shown 5.3 i 105 ‘ 8.8 = 105
Total mer mechsnical ku| e &/ kv e &k

officlency was gzsumed Yo be 254, giving a mechznigsl or electrical ou¥-
pud of 25,000 kw, With a graphlte vefleutor uaiﬁg 12 tors of Th, the |
present coot drops fren 61 to 52 ¢fkw, provided that the 23 holdﬁp in
the Dlanket 1s not increazed.

At a Iixaé cherge of 109 por year for investment, inparance, ste,

con%s, tho items just discussed amouni %o about 5 ¢ per electriesl kv
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yoar, whichk does ot socm an unduly largs fraecticn of the current cast

of 50 $/kw year. OFf counrse, meny ofther iEemaea

w11l bave to be congldered
vefore the total coet of power from such a plant can be aatiméteao

1t may be remarked that if fissionable material should bescoma low
cost gnd plentiful. one would 1ikely build pleate with & lower kwfke
ountput and not %strain® the pil@'ﬂo hard.

At present the siguificant sonree of fissionable material iz the
E-25 plant. If we assume that 1t cen supply 5 kefdey acd that thig ie
4e |

ué@d to start up power planis operating at an sveragse heat rate of

2,000 kxuw/ke and mscﬁaniual efficlency of 25¢. we cap from this source
increase éur slectrical geborating éapaci%y at a rate of 0.7 million kv
por yesr, waich would double the electrical capacity of thé United States
in gbont 50 years. If tho K-25 plant extracts one-third of the 25, it
would in 10 years oper tion gt thls reiec wse 8,000 tons of nsbural wraniums
this is as asount comparable’® to the U, S. rich deposite, and so we

would soon a% this rale have to turn fo law@: grade ores or to fcraign
gources.

Tho spme amount of uraniuvm might be used to construct sbout 40 high
te&per&&ure Hznford Sype ﬁlantaBY vhich wonld yield an amount of 49 com-
parabls to the X-25 guiput of 25, and probably abt s comparable cmst55°

1% @ plant such as described adove (100,000 kw from 36 kg) can Yo
made Yo show o breeding gaim of 9%, it would each day creste 10 g of bew

ficeionable mgterialuo, gnd couid thus "double itself® in 10 years.

The suthor is indebtod o qu'ﬁb I. Thompson and ¥r, J, Menke, wiio Lave
road the manvscript gnd npde & nunber of suggestions for its improvement,
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MUC-La0.22; Mon P-G3; calculaticns by Babeock and Wilcox €s.; meme by

Benedetti dated 5/12/46; some prelimimary work done by Abelson far the
¥svy. as mentioned inm CF-3403, p. 41; HEPA is congidering stcam ongise
and pile sysbems operating above the critical point for waler,

Suamary of new Pile Studies, Young, October 1946.
CP.3290.

MUC-WC-MLG-T .,

Ses section 2.2 of reference (2).

MUC.GY. 39,

CP-3490; Mon S-124.

See section 6 for further discuasion,

See section 2.1 of reference (2).

‘See section 6 of reference (2).

Mon P-147. p. 7€.

- OP-1698; Mon P-I47. p. 39; for farther references sec mection 9.5 of

reforence {2).

Beport of Meeting to Discuss Fmel Rod Problem, Ethoringtom, 7/18/46.

| MUC.JEW.L2T; CP-3528.

Seo section 6,3 of reference (E)o

Urquhart, Civil Zagineoring Handbook, rp. 552, 563, 567, 1%0.
MUC-JEW-63.

Curzront vork in mecnllaugh“a divieion.

Sée Bec%ian.3=6 of reference (2).

1-00S-32,
Ses section 6.

MUC..WC.MLG-10, or CF-3L03, p. U3: see aleo GP-3407 and-Mom P-160, p. 5;

MUG-E¥W.60; pection 301 af reference (2); but seo also CF-3562.

See section 8,1 of roferasnes (2).



(30)
(3)
(32)
(33
(31)

(35)
(36)

(37)

(38)

HOS-GX5-1882.

WOC-EW-ll; Moa P-147, p. 106-110; section 8.2 of veference (2).

Estimato by Ieons Marshsll from Hanford observations, ss dnoted in
¥on P=152.

See sootion 9.

GF-3352, p. 18: MUC-GY-NO; section 6 6 of roferemce (2); some further

descriptions of puch syptems exist in san uopublished memo by Young to

Zinn, 4

Cf. work at,clinton on the heavy water homogeneous pile. ‘

59@ section 8.3 of refezenge (2.

Ghriety in CP-357.

Sec nection 8.4 of refevence (2) for sdditional references.

Section 8; MUC-FPY-13Y4, pp. 2, 26, 2F, 3}.

See section 8.6 of reference (2)'MUC«§HZ«FFm169°

HUPaLﬁoalﬁﬂ MUC-XA0-19; ¥-1003; graph by Goodman reproduced in notas on
ecent mootings of mew pile group, Young, 9/6/46; Huclesr Pission 28 aen

Ecoacmic Source of Industriml Power, J. R. Henke: Scme Esvimstes or the

Avallability of U and Th and their Coet in the U. S.., J. RB. Heunke,

Bovember 19u5

Rocent Baruch repord; notes on meetings of new piﬁe arovp, Young,

A7/29/45» Th@mpsong 6/11/46; Leversti, 7/6/ub; and other memos.

These figures aro quoted from p diaocussion with Kymer. Possidls sbozh-
age in the Bo ore supply has not been tghken inte sccount hers; MNedks

is looking a little into this maiter. gnd ve understand that the HMzdison
Square Arsa is starting so lnvestigation. The weight of Be irn the
earth’s crugt is thought to be similar fo the weigut of Th + U. .

The valus guoted L8 thought Vo be aboul zright for the Trall plant: the
corresponding cost with the DuPont plant 1s perhaps more like 100,000
¢/ ton. The lowsr valuo given for later om is en astimete bty Karl Colen.

With an external Dlarkel cporated gs in section 8, it iz mecessary to
reprocess 1,000 kg of Th for cach kg of 23 obtalned. %Fhie ratio of
1,000 to i can be reducod somowhat by removing the Pz slong with the

.23. The cost of reprocossirg Yo metal is several dollars per kg; the

cost of reprocessing %o oxide might Yo rather lsse. If s power pile
vhich just holds its own on fiecionable mabterigl is modified to wse
& groatexr fraction of the excess neulrons and oo give g breeding gain,
& greater investment %8 roguired. If, to take & orude examplo, 4%
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reoguires ap extra ton eamch of Th snd heavy water to got an additional
g% production of 23 in g 100,000 kv pile, we have an added invesiment
of 410,000 to galm 10 &/day of 23, Acsuming a charge of T# per ycar
on the inveatment gives a cost of 2,700 § per kg of 23 from this ites
alone.,

The investment and operating costs for the Th moy be mpp?ggi&bly pad
duced by putting some or all of it inside the pile proper<”. Fuither
vork on this polnt ls needed.

EeD hgs featured im work on the Deniels' plle st Chicoso and inm
McCullough's divisicon at Clinton. A review of this developmant
is belng writisn by Daniels. S

Also, the start-up of later piles may be doms on 25 or poeaibly ue:
see resference (43) and section 10,

Recent exporimeniel work by Dsgniels tends to confirm the good resiet-
ance of unbowbarded graphite te temperature dlffasrencee.

The piles discassed in the present report sre oylindrical with the
coolant flowing parsllel %o the szis between plates which conastitule
the solid parte of the structure. The notion of a "plate pile® ig
uged in g falrly general way: Actually the ®plates® may bz bent inte
hellov cyliindars oxr epirals, ox may Ve flabt or curved pieces held in
framowosks in g varlety of ways: see MUC-LAO-H7, Mon F¥.108, snd eurreat
work on the Clinton high flux pile for g numdbexr of examples. Similar
renarks apply to the shape of the cooclant streame,

The values given are gusoses as to the conductivity of dombardod mabterisl.
The values for uvnbombsxded material are more nearly equal: xough values
ab 500° 0. being perhaps 0.2 for s Be alloy (Cp-2332), 0.2 for graphite
(Proc. Phys. Soc, of lomdon 5L, p. 168, year 1939). and 0.1 for Bed
(MUC-JEW-127; CP-3437). I

Similar romspizs may apply to thermal plles weing graphite or Bed. Por
axample, with about 5% noutron loss to these matarisls thers would be
aboul 5,000 moderator atoms for sach atom of Tiesicnable material.

 Then if o 1s 50,000 for these materimls (cf. section 6) we have

£ = 0.1 and with ¢ = 1% the chemical losess would be 10%.

Actount has pot been tpken of the fact that some of the Pa is in the
blantet reprocessing plant outeide the pile. If the reprocessing time
iz 10 days, there will be sbout one ton of thoriuvm in this stage (fiow
of 23 = 110 @fdey, and of Th ie » thousaud times greater or 110 kg/day:
10 days holdup thus smounts to 1.1 tems). Also, there is some aextermsl
holdup in the slurry epoling vystem. These considerations wouvld reduce
the Pe loss %o say 3p. imorease the amounts of Th and beavy water re-
quired, and incresse ths 23 holdup in the blaniket.

In otazting up o plant oy meane of fiseionable material less eofficient
than 23, more of puch material has to be supplied than the amount of 23
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needsd. If the plant just holds its own on 23, it will need ghout 1.3
times ae much 25 or about 1.4 %imes g much 49,

The present discussion is rather idealized and over-simplified. Ilo
attempt 1o made to congider the effect of cracke ard sirass coneentra-
tien, radial tension on cooling, repeated temperature cycling, ete.

It mey be noted that pure Bi has only abou® 0.4 asg imch neutron nbsorp-
tion a8 ad equal volume of Be.. Thus relatively large volumss of
coolant can be toleratsd and 1is veloclty meed mot be so bigh. 4

pile with say 3% loss to Be and an equal volume of Bl would do guite
well with a coolant velocity of 2 meters/sec, and might compars favor-
2bly with the piles described in more detall in the text.

Gurrsnt calculmntions by Stoughtea.

For some purposes (o.Z.., in mobile units) the requirements on neutron
economy may be relsxed; thus permitting the use of more absorbing
materials iz the pile, reduction or elimination of the blanket, otc.
I piles showing a significant breeding gain (e.g., fast dreedars)
are doveloped, they will bo able to sustaln the operation of soume
vrits which do not hold their own on figsionable material, in a 90~
celled system of "mother® and “daughtert piles.

At 7 $/chort tons this value may bde a 1ithle high,

MUC-EPY-134, p. 27,

The operating end maintensnce costs would be of the order of 100,000 3
per kg of 49 produced, dut the plants would give about 3 million kw of
electrical energy which would meet much of the expenses. I1f the pover
covered 0.8 of tho expenses, the "coeif of the 49 would be sbout
20,000 $/kg, efte.

Tha value of E for uvnbombarded graphite is gbout 6 x l@g atmosphores. .

Eotk B and the bregring strength incrense upon irrmdigtion, but E in-
creasos more rapldly (soe mection 8.1 of reference (2)). To mako meme

allowance for this, we have hare multipliod the normal value of B by 2.8.

Be coot from Kyger (see Tef orence 38); BeO cost is given as h $f1b~

in CL-FD-16, The gzraphile cost guoted is just a guess.

*

Msnke and lorelian have congldered 2 wixtwre of active and inactive
graine padked loosely, with the pores £1llod with liquid metal.

Recovery of by-products Irom the rock migh% tend to reduee the eost
¢t U and Th.

(ne of these is ths coe’$ of yreproceseing the Bo and returning it %o
the pile. Chemical methods for decontaminating Be are not devsloped.
and romaking $into metal is a% present quite sxpensive. FordA = 2,000,
the welght of Do reworked lo 80 times the weignt of U fiesicned. The
fiscion of ono kg of U glves about 2,700 ky year, and if the cost of
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26
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zepracwaaing the Be 12 % $/lba or 70 #/kg, this i%en awounte to sbuut

2% per kw year of hest. For the pile described in the last columns

of Teble I operzied as discussed below Teble VI, this item iz absub

2.5 times grester, Thus. a®s has besn pointed out by Danisls, 1t is

‘eﬁpe“slve to process the Ba aby oftener than demanded by bowbardmend

demsges 1t might be preferable %o take mome loss in spacific oubpul,
by concentrating the U inﬁc fuel roda" or inte emaller piles; in-
order %0 rednce the amount of Be roworked. The "gomi-fivld® dseigne
2im &t a similar oconomy without necessarily &hﬁrifiﬂidg %pwcxfic
POBET.

Simiiarly, 1£ L = 50,000 for BoO {which msy be s micleading pumber
gince recent observations suggest that the vombardment effecis in this
material show some tendency to saturate), we shouvld heve 30 Feprodess
vt 2,500 kg of Bed for sach kg of U which s fissicned. Ab
h 8/1v. = 30 $/kxg, this amounts to noarly 30 § per kv yuur of
heat, or-about foux times the cost of coal,
A digcussion somewhatb siwilar %o the present raport was giver in
an vnpubliched memo "Oxlde snd Other Filge® from Young to Zimm im
the ¥eil of 19&5

g





