
''\0 ~ 

• ~I"':'~ ,hee 

"'"' 

'" 
(., 

'-~~'''-- ~.-~ M UC· WBZ - 318 
--:::;;:o:-_~ .... ~ 

This document cons:sts oL .... 4. ...........•...• , 

. . Po Daniels 

1\:1GO!::3 Ll}..i30:itl\r:t:O~tY 

pages and -- ___ .. ? ............. --....... " .... JiXures 
No .. L ...... _.of .. ~.~ ....... copies, Series. ............. . 

SOi;tonbol' .;1 $1~>15 

__ cw."OD!o,orctmIFIED 
P~'lQl.:: i.. L" ;:}oldbor'cor ..w .. amo,,--_=VL~~=--

~ 
1.~~~ : De and EoO Piles 

,,.. - . ySlnr, .t::nrfc!:tecL'l:i'ra:..uuh------ - -

At your l'OquOfJt" wu lul.vO investigated Cl'ltical sizes and 
Y'" t'~""l ' t<" f , .. , -'-, ,.:: "1 " n 0 .,..,.j 1 '<' ·'0' . t -; ,-' ,-C_.!_ .e.c,-. an,OtUl <.> 0 k_.D."eJ.:.t.Cl .Ln J...lG '/J. Co..> U 2 .COIl fL,.nn .... , • 2r:: .... '-

10> 20~; U 0 °2" For the of cor.lpletoness, vre have co.1'1'io(1 
out sm;lO cal atlons s .. 

'llllO sru.:10 valuos of tl'.o constants used in;" -;G~f:LG-7 at'O 
used hore \7i the c.xce:)tion of scattol~lne; cross secCfon of 
DeO rJ}d.eLl \'If:l.S ta!wn to be GoG b as cbr:lpared to the 10 .. 3 "0 
vn111.C u~od previously.. The greatest tUlcer'tainti6s1.n 1C cal-

ape the values of t:lC fclbsorption CPoss scction 01' BoO 
and [1.'':0. It Is SUC:-f':OS tl~lat' ti18S0 valucG be tl.eterl:1ined 

4........ "-.I ......... 

0x)orlnonta11:/ bofop6 t~lC results (1110 ~:or',e upe ta.L:cn too 
ously .. 

Tho calculations VIePO carl"icd out aS8uJ:ling thnt ~)iles 
\70rO .:lOl.lOgeneous" 'l'hen '.;m consideped the effect of tho IJrOl)Osod 
"~e~"'lor' 0"'" 1~"'1-"J·qnr. "111"'C1·· CO!""'l""'" or :H"-'~a':"or'lnl n"lr'1-"n"'eJ"s 'ell 1"ot"'c'on ...... V,l. \..4 ~t.. •. .u."'l...I~.t v !. ..L .... 1 _.1.0 •. ,,-I lIu ... _."", ... ,('I .. ~ ;.:"; L" v" ...:....L ... 'vr... ,,; ;;,..;. \1 ....... 

f1a t s~Ldes" 'Ji one inch radius: tales;, Into vIlli {l.l"8 ~)ut 
stic]:s of' three q1..m:etEL'S inch pudius" ~~:10 br':l.clm aro Lade 

~~: . 0"- ~, 1 ~ n1"') y, .. ""f" t'" -.) -7~ ; 1 'ro (~ + .. ("\ ~ '\'1 ,.;0 , J.. 1.,e" ,., ... 0 a .,.l~.. ~1.r e ()... rule v ~.. ..., v,nll •• 

Is to ::;0 sed tJ.lrou;~;ll tIl0 nn!luln.l" s~~)nco e D.2S1~r.10Q tJ1nt nIl 
:":10 LOo i'orr.:ol'l:;' sj)l'ead out i'orr.ll-;I over' entlr'o cell was 

G .,. t ,.L'" -t-' ~ 1'1" .. t 1 n t' 
eO:.::Jl'CSSOCl In'GO l.>l'l0 .l.. UG.l :;; .. H. ~r;n.lUll'·Y S 'U((l 01 .:10 
crlanr;e in t,llor'nul utllizo. nn,:l :i"'6! onaneo os ])1"ooabll:l 

c~',tocl t~lal; 1l.1l:1:)in~--:; :l8.S veI';;"" Ii ttl0 e:'f'ect on the ~)ilo charac
t01"istlco. 'i.':113 cnn be e;~j)lainod on V:lO oasis of' tho lar'CfJ 

r~tus:ton lc_<;ths in JJoO ,u.ncl i11:31((0 the 13eO" DO( slu~.:;s; t~'le 
A·i .('··r-"<"'l" on lc,.., .. ·t1,,,, '"""0 "'0",,.''''1 t '" t 1'lO l·il-,OO· .... ~l·'·'~>rl<:'·· 0"1'" of \..4 __ .1...l. l,;\.I..",; _.1. J...l. .. ,J ... ..i.U t. ... J. i..., V,--"J.. ("..4. 1oo.J.J. .. _ ..... ~,.. \..J. .... tv..,;) ... \o..J . 

tho ro ct:'i, vo r(" ons J and conseflLtOntly tho neutron strlbution. 
is tically at ovop collo If tho coll ze 'i!el'C to be-
lnCl'ec..secl, tho effects 11..u:l~)inr; d bocor.-:.e r.1ore pronounced., 

'1118 ::::"osults 2.1"0 Sl.LLu',iurlzed t:lC fo11ovlinc trw tablos and 
in t}i.O t'.10 C~;.l'ves s11m;}' c1'1 ticnl r.laSS of U02 or 1] as a 
function of theIr ~)0rcont by welC:lt :In 'tho pilcc As 1n the above 
::~ontioned llOLi.O $ the I'e3ul 'es n.ro :~:i von for n bare, s:;Jhorical pile .. 
LossQs n.ro,:::;i ven as :;Jorconts of tho absor~)tion 25~ Losses 
)':;0 ,Xc and othor fission products, ten};: naIls, otc .. \'lere , 
~~lc;~~J_oc:~Q(1 ~;11')()ll~l~.:.(rL:.to !ll:,tO lo£s tC) [!t(;~1;'J l.s t}lC ol'")clar O.Q()5~'~9 

=- '44' ------'--.MiI .. .... ... ~ . .,.-..... 
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F. Daniels 2 Sept .. 4, 1045 

f~~le c!' "1.11 '01 "" uc! e '1 '" '''0· I (1" f· ... u,... ~ . 11 ... en'" J-}l (CI"'l) ~ I" ~.. OJ.u '"' OJ U. ~.... :-,. J I J..L ., .... d. .L ... '-' v~ '!J (") .. ,. 

r.lultlplicn.t:lSl!:l.constant; Jf 2, neGatlve I.laplacian lsFI.-..... ); r, a~;e of' noutJ:'ons of bil .. th eneI'GY 2 I:ev (C1:12 ) .. J12 C01:1-

putod frofJ. the charactol"'istic oquation: 

. (L 2 )( 2 + 1) = 1:: 0 -t"(j(2 

The voluLlo of a. crt tica.l cylindI'lcal pile of' optir.l1lr.l 
fOtllltl by multiplying the vuluiJ.os. given,X::!.or'o by 1 .. 14. 
of this cri, tlcal cy1indOl"> 1.1!l7T be found i'ror,l 

J0 Hadius ::: 2 .. 405 3/2Jfe:-

l'CJ" (~llt ::: -- ~ ~cyL 

shai)e be 
'11]:10 dimons ions 

:mti!!!5 
• 

Thi~ ilncnm .. nt contains information affecting the national 
I."fl.n~.' 01 ,:'c Un;t.·d :k~es within the meaning of the 
~:.f""""\!<! .'\<:1'. U. S. C. SO; 3.1 and 32. Its U'ansmission 
"I' f he rcvelatiun of its contents in any manner to a.e 
unaurhori:zed person is prohibited by law· 
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10% u .~02 
-f-~ 

~" U02 

Loas 
to 

BeO 

Res" 
Loss 

in 28 

BeO Moderator 

Thermal Breeding ~2 
Loss in Gain 

R(ll k -2 dfx 103 

28 ?~l~losses 

~~.--------------------~----------------------~-----------------------------------------------------
2~O 10,,6% 190'7% 4.05B% 0075 154.- L57 1.:,24 8902 em 

1,,2 1706 1; 4058 0 0 75 241 1055 1000 99,,4 

1,,0 21.4 10,J~ !t.5B 0.74 264 1054 0 0 91 104 

0 0 9 23,,6 10",3 4058 0 0 12 307 I t.52 0 0 85 108 

008 26·,5 9026 4058 0,,70 .,57 L050 Oc.18 U,2 

20% U2502 
-'lrUO--

2 
--.....-.-..-- ---

o 7 15,,~ 6,.56 2"oL. 0 0 86 217 l~ 70 L,28 61c.8 om 

0,,6 17,,·7 5077 2,,04 0.,,845 247 1061 1011 91,,8 

0,,5 2102 5~OO 2~o4 0 0 82 288 1 0 64 lco4 9704 

0 I 04 2606 4039 2 0 04 O~77 346 L5B 0087 106 

0,,3 35n5 :; 2,04 0.69 431 1049 0066 122 

Crit" 
Vol" 

2,,97 m5 

4.,11 

4,,71 

5022 

5,,95 .. 

:; 2084 Xil, 

3024 

3087 

5,,05 

7061 

Toto 
!Nt" 

8910 kg 

12330 

11.1180 

15660 

17850 

Weight 
U02 

178,,2 kg 

148 

141 0 8 

140,,9 

1420 8 

V'ie:i.ght U02 
20% Voids 

278 kg 

231 

22106 

220 

223 

-------------------------
8520 kg 

9720 

11610 

15150 

22830 

59,,6 kg 

58 0 .? 

SBcl 
' I' 
bO~o 

680' 

93,)1 kg 

9101 

90,,8 

940'7 

107 

<:--

.. , 
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Constants 2 

Operating Temperature 
18000 K 

1 = °_1 = ~v 

2 
~;;; 222 em 

Us BeO g 9.8 b 

~ BeO "" 0 0 004 b 

Oa 2502 ;;g 200 b 

. c:r: 2502 = 218 b '1;; = 

c:r; 2802'~ L03 b 

eft; 28°2 g 17 <,2 b 

FB~ 6 3 gm/em3 

(ht' '" BoC = 9 c:r:: b ',.. '7' ~ 'V t=> 0 J:J 

NEeO :;; 0,,0722 x l,02L!. mo}.,,jc:!:2 

-2 
1. BeO :C'? 1670 em.2 
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Be Moderator 

'16"" p25. u· Q - 2 ;;: 1-~~ }/~_ 1.;08(3 .. tas ~ T'nermal Breeding L'- k )..,II X 10..1 F Crl' t, rr,of.· '·/e'; rrbt 11'61" t !T ~p t ., "I' , 0 4 v 0 I. "'0 1 ,b gn u 
. ,.nW 0 Loss Loss:m Gtiun @t Vol Wt P 2m:; " . d 

Be in 28 28 ry~1-loss6s . '-0 ~ w io IIOl'S 

.------------------.-.----------
5 17~·rJ; .17oL~~ 3077% 0,,71 113 1,51 2,,03 6907cm.l~4?.m3 2630-6507---# 103-kg~-' 

. ~ ~ 
2",25 19,,8 1603 3," 77 0" 70 1241,,501092 7107 1. 54 2850 64c,2 100 

2;J1 21,,1 1504 3,,77 0,,695 13). 1050 leSS 7; 1.,63·3020 6304 91,,1. 

?,O 2?~2 lL~,,8 3" 77 0.,(;9 136 1,49 1,,80 74 1070 3145 62,,9 98(3 

L 25,,5 1306 3" 77 0067 lL~7 l"J.a 1 0 63 77;8 1.:·97 3640 6307 99,,5 

1(.5 c';Uj 12.01 5077 0.,63' 172 L.W-t. lcL6 82,·5 2,~5 }J,.350 102 

1 r-,~ ~t::; " 11 G ~ 77 0 r.::9 '.1.98' 7'" ' 19 ..... 1 0 ~'5 "'8~o 7'" Q 1 ~ I n J. n ~, -' ..; ., '7 c ;h I ., ') ." ~ :J'j J. ~ ~ 'j " :; ., - ' . .f It,. " ,/ J. .U.} f  
 

: D 
1 

n 1,3 rr .2'fo 8.54r~ 1.67% Ou83 112 1 0 65 2,,5:1. 620? em 1,,03 m3 1911 24,,8 38,,8 l:g I 
 ~ ~  L2 18,,7 8",09 1067 0"82 120 1",64 2039 64,,3 L.U 2060 ~:~,? 38",6 

 101 2op47~63 L6'1 0,80 12;.1 1062 2,,26 6601 1,,21 22ho 2b6 38 0 4 

I (" 9 r~r: 1 L 60 1 6'" 0 77 11::3" r:::8 1 97. '-r' r: 1 5;<, ?87.0 "ll."" t:: :»9 q ~ u 1';._") 0 J.. 0
0 

...... Q f :'\ I t -.;.. J., r; __ J .... t, ") l. Q ? <.~.." -..; c ... , f} :; ./ -:. \"..l 

o 28
c
2 .6,,10 L67 0.74 168 1055 L 7501 1··,77 3280 26·,3 41,,1 

0.7 32c2 5052 L61 0,71 186 J. 1.':;i5 79~8 ?ol} 3940 27,,6 L~3·o!i, 

-----------------_. • ___ ............. '_n ____ ~ __ 

COIu;tant.o: fic. 1 f'r""~-t; (:) 
I - 0t 'J = 555 b J Be = 1.85 

ting Tempal"aturs r ~ 100 I'!ro2 /1"'2";' , ' -
0

0 = ~ ." 'J .. ,-, 1 ·,6 b 90 K a -: ·'·4 ;~ LJ o 6j b 
r.-Ss 5 0 b v = j 0-28 c" 

6 t} ,6 b N _ '" r 1 .. 1,·.2}.+. /' 2 
'G 0 0"'6 b 'i:lG ~ J, " ... ,.1 B''-'ms em . ;:]-.u6 ::~ "j' • ..,1 ... U .... - ~t.. ' 

cl" 25 A j c:: b L 2
B
: £ 77.3 em2 

S. 6 ,z4:} e 



" 

if""It. 

o 
~ o 
b 

J ~ 
<1i 
o 

'Y·;;PCi Il' 

!H£>.3/A AS ('fo~,!n -+ iOssn) Jon l.N3~3d 
. OIJ O. . ~'O 

t:" ~;:: ,., 
a s 
~~ j! r 
~, I> 

g ~ 
!r:-;i 
2~o 
i ~ P c: n • 
. .. ? ~ :z 
?' I'! .. 
. '" . 
Ii" . !' 
~ .. 'lf! ~ ",. 

.,.:t , . ~ -' 

~ .. 

,lit. 

..... till 



'V '"9: on 14J 3C'VI!l 

°hnytf pUt! 0a.t;l ·,~.txaS~ ia~!!l "tI.ltJ ~ °lSJWDtlJlin« 

~"MOOO .~'" '~'N :·~o ~:oslh ... ,11"4n .... 



\ 




