
,. 
../ 

, " 

.t 
j~.:./ .. 

\i_ '" t ·t·, 

B-137 , 

.,;.:Iit ~~ 

File 

/: 
':lA'~,c- 4.t " ':!'t '/,' 

./ 
~..:-') 

Date May 15, 1946 Those Eligible 
To TI,:k c1. rrh e 

~V~.41 ,,'(> jI 
- --:-/ 

Subject !ie_: _·Th_e_.Q.Q1rt,ro.l. Problem and the Critical..i-_. _!-.~~.::~~f·hf2:~_. ___ ........ 

Size or an Enr~~<!"._BeO Mc:>dera"t.ed Pile 

~··H. IO ·· ... · ,.~;Y By A. -.L.J4:§~till_,_ .. __ _ 

To _ .. _.~b_.Q.J~..; ______ ~. __ ._ . ;~ 

~_::~~"_C: ~;:'~ __ !'Yi~:~:i:~fL.!· ~.~_~;.~~:?_1~~'~~~.L .. ~:0E_~E1d ~~~!:~_l?v~~?:.~v: 

N~~~ ~~t8 ..1ls;~~_. __ ._._. __ . __ J2::?~:_e ___ .... ,'- ..... ~ ... -- '-.-------.. -.-.- .. -- .. ~ .... ~ .-~-- . _ .. _ ... _ ..... _--

;11 _ . ___ ' • .••••• · · __ u·. _ . __ .. ..••. _ .,._. _______ ' __ ._~ ---'_ .-------,----,----_._---
, --,---------

------,-----

-. ----------------
, .'-----

A m tn 'f\ @\ n ~ F1 r::J r:R\ 'i:4 .. ~ ~ ~{ f7i ~':'Y (;1:' f; n f) til (j t~ 
J r' II ~' '.1.l ;;'i..- ,,\ ',' r~ r'1' : •. "'J I ~ ." 
~ ~J ~ ~ ~ fY't"'\''' \ ' 'i: :;' 1,;1';" 'i' 

CLASSiFICATION CHANGED To: _,..!:~ __ .!:,~~~_:~=~~~:~~,t~ .. :~~\~~.-: .. ::,! .... ~:. __ ~,:~ , ~ .. :~ .. ~:', .. ,::: .. 
By AUTHORITI' ~F: - .. ----~L.._ .. _!,:l:~, .. ~,1..L, ......... --,-, .. , .. ,-,. 
By;; ORI\fL Technical Inform~UQ.gJ~j.Yi$.iQn; ... 

V -I/. ;:c~~1r!.ical Library 

Document Reference Section .. J~ c3 " 
Bldg. 9711-1 . K.~ 

~_ ~G).,,\")...,. 

/ . 



;. .. ' 
.ii , 

, Y~~~~i'~~;;. ~:;~~::' 
mllJC=Ilr~<:~A \~-; 
TrJ..s doc'I..'I!.aent ccns!'s"ts of.' , 
. .. '" ,.. d "'l fi i"".~ ~V.<t.==-IO pt;'.g,e':J, an ~ ...... ~gm. Sa 0 A.\) () c . 

of' 1"2 eop:i.e·s:=Se:r;.es if. c. .---=-
~~J 

iiETWoItJRGICAL I ... AOOHA'l'QRY rF 
Po 00 BOX 5207 May 15, 191~6 

Ch:icago 00 11 Illinois 

TO: R~ Go Sachs 

FROM: A II 'if 0 Martin 

RE!' The Control Problem and the Critical Size of Gl,f1 Enriched" 
BeO Moderated PileQ 

N()'lil calculations have been made concerning t~he control probl{..:srrl and 
t.he cr-:tt;1cal size of an e:nriched, BeO model"ated pile o We let x deno't,e 
the ratio of the w'aight. of U02 t.o the weight of BeO in such a pileo We 
have ce~lcula.t!ed '1:farious qua.ntities as func't,:ton~' of 1~.~ including t,hn weighi'l:, 
of the pile,ft 'the 'M9:!,ght of !JUTe' U2; in thc:~ pile, 't,ne number of con:i;;.?fol 
J'ods needed, the maximum ·theoretical conv~:;rsion lr:atio, et~co 'l'he results 
of t.h.<3l::le cal·culations are gi1!'en in the ijables and gr'aphs at the end of 
this l~~t·tel'" 0 

The values u.sed for th.e v;l.:t."ious C0l1sta11ts ar~~ tho~;e which a,ppr.1ar in 
n,lfOC"",K"V1=.60 and MUG-KW=61e The calculations were lirs'(:. Elada assuming the 
density of. the BeC was 207 f9!ls/cc:t and the ;results obl",airCled \\1'91"6 ~t,h(311 e:l.dc:. 
justed 'to 3Jl1ow for 20% 'Woids, and BeO density 209; so tha.t 'the fin.al 
ef.fective density is 203·20 

III ecmpu:~ing the cc·ntrol pJfoblem the theory of' CP,,~11461 '~l1as followed o 

A cylin:Ol1"':lca.l control rod w,3hose ax:i.s i:;-; pa.-ra11el to the ,axis of the pile 
is assUlJ1sd to affect, the neutron flux in such a 'b~3y that there is a, 
cyl-'Jndrical surface, of raditw l"SSI co.ncentY1ic wi'?4h' the surface' of the 
contro] .. :rod; through iurhich the net fluJr. of ;neutl~ons' of a!r).Y energy is ze:rc o 

This C",ylinde.l'" then acts as a perf'ect. x'eflect,oro We plac~ n such r .. '9:f.l.ecto!'s, 
each oft T~ldius 1'9 and each cont:rol1ed by a poison rod rdOlng its cen.tral 
a:r.is, in thE) cent.ral section of the pile :tn such a way as to form a com=­
pact pattern of right circt}1ar' cylinders, each of -whi(;h is ta,r.\gent t.o 01' 

slightly ov~:rlaps one 01>1> more o·thers o The total volume of these n cylinc~ar~ 
is now :regard.ed as one l.arge central reflect.or, wh:i.ch we ideallze as a 
right, circula.r eYlin~.ric2101 re!lec'tor whose effecti,\f6 JC'ad1tJ1~i 1"' is Sl.pprox:imated 
by a~!~3u.!'nil'lg thB~t 'rjr :: 12 ,ttl's 0 

1(~t ~(p) deno':Jj6 'c,he radial. variation of the neut:ron d~!n5:ity in a 
right. circ.ular cyl.i.ndrical pile of radi.us Ro an.d height, hQ Then 

,~2 ( .)2 
B 11' 20401t.(3 D~·..o 2 0 4048 -r .. .. ht 

:: "'b-;=;;;"'" + ~""". =""'="<.) S.A.U9 ~ :;; --- .. - Q 1..' a COl'Aeen'Gl'l.C Z'J.g 
h~ Eo Ro 

cll>')eular eylindri(~e.l :reflector of radius !" is placed in, the pile, and 
the outside radius of '~hG pile is increased from Ro to R in order to 
keGI' the pile of c:ritical size', then we ha~llTa, in the pile ·jivit..h.._ .~:f:'1ector, 

• ',., I ~ ... ~: .. #. ':... ~. : ... ": . I~ 'r; ...,-
i" • -";t -"'~r '. ' ~,),# ,,' • 
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,b( e) z: Jo(fie) t ANo«(r1 e)!1 

and 

!!~~) :: .. (3brl({11") t ANl~~r)] ::: O. 

peR) = 0 0 

The second of these ~uations gives A ;;; ,.. ~l~@i. and combining this with 
the .other two, we obtain . Nl @r 

Jo(~R) __ J1(@r} 

N;(~R)' - Nl (rrr 0 

This rela.tj.on permits us to plot rlRo as a function of R/RoD which has 
been done ~~r1 Figure 1'0 We now indicate how to use this ~esult in order 
to canpute ' -the radius r of the reflect. or necessary to control the pile~ ' 

We find, in -the usUal manner, the rad.i.us R and height h 01: the· optimum 
cylinC'.lrical shape (h,/R :: 1 0 85) of a hot pile of critical size iri whieh, . 
the Xe poisoning has reached l-('s steady si~ate, using · the character:i.stic 
equation L2Bhot -+ 1 :g kaO!S ~Bhot, 0 We next compute the buckling Beold for 

the cold pile in which there is no poison. Then from the relation 

~2 2 
B . _H t 20 401t-8 
cold -h2- . ~ Ro2~=- (1) 

we find the critical radiusRo whi~h this pile wOlud have if there were 
no reflector 1..'1 ito We notv have R and Ro, which enables us by mea.ns of 
Figure 1 to find r" Our appl"~.pmat.ion of the nurllber ot control r.ods 
Deeded is "t.hen given by (:r/rs)~o 

w~ mow consider a simi1a~ problem--that of dete~tning a measure of 
the safe·ty a.f.ford.ed by a given numbel" of> corr'c,rol rod.s o Suppose then tha:~ 
'iii\"3 are given the d:imensions R 2nd h of the hot pile con-i;aining Xe, and' 
are al1oU'.?od a gi van number n (in our case~ we choose n ' :: 7) of control 
rods, and we 'Wish 1:.0 determine hO\lf la.rge a value.9 Bmax., of the buckling 
CilU be contr-olled by these n rodso We find 1"8 by the theory of CP-1461~ 
a~d set r :; ram Q We then find Ro tram Figure I ~ and Bmax is de-(jermined 
tw the !"elation . 

'R 112 . 
-max = -=--- t 20404S

2 

h2 . I') . R ·~ o 
o 

If Bcold denotes as before our calculated value for B in the .cold pile 
containing no :Ie;, t.hen Braax/BcOld isa measure of. the marg:Llr! of safety 
given by these n contTol ~odso . 
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appropriate 0 Instead we used a value t', obtained from the equation 

2 ( 1 1~.· k ';'·,1 _ 
B t ? + OG~'rB - -2""'~ - 0, 

L- , L , L (.. 

in which L2 ~ k arld B are obia:lnad in the usual manner, using B. olle=>group 
theory in the cold p5.1e withom poison, and usi&'"lg the constants or 
mIC-KW=60 and MUC-lW-6lo ' 

InCP=1461 it is assumed that the active material of the pile comas 
right· up to the surface of the control rodo In our case it :18 assUll1ed 
'chat the control rod" of radius l1." is surrounded , by an a.rJ1I1u1a.T' region" 
of outside radius r2, through which the coolant f1 Oi.!fS 0 To ecmpute t,he 
effective radi.us ro of the rod, taking into account the 9]rJ.stence of this 
gap~ we. proceed as follows o We first compute the linear extrapolation 
length JL v/hich we would use if · thera were 110 annular reglon for the flow 
of coolant around 'the control r~d, assuming that the ~olid BeO; ~iith no' 
voids!' comas right u.p to the 'su:V:'face of the rodo This expres sion for J... 
is :t;he one obtained by taking, '~he first three terms of an expreasi9n given 
in ~err~,,135:, namely , 

J( = A( 07104 + ~A + .209!±9.) , 
fA, .2 ' il 

where i\ j.s the transport mean :tree pa.th ' in the solid BeO, and a =: -=f=, 0 

We now take as the effective ra.dius ro of the control rod the value 

r 0 =:. IJ. -"'~, , (1'2 - 0 7104 1\ .> ~ 'J.'his gives only a first approx:imation 

for the effective ra.dilUs of' the rod" and it mC\v be wor~h while eventually' 
, toinVGstS .. gate this problem mora carefullyo We note in support of the 
prasentapproximation that if we increase the radius of the rod indef~ 
initely,, ' keeping r2 - I1. rixed, then the effective radius approaches 
T2 "'" ., 7101~ AD the correct value for r2 :; 00; and if rl approaches T2~ 
rema1.ning large compared with 1\, vm again get the correct expression 
for rOQ In our case we use 71. :: 30175 cm~ lr2 :: 3~ 731 cm~ A ~ 1 0 433 em, 
which give ro :: 2ol~7 cmo We than use this value ' of 1"'0 in conjunction 
with values of' B, R~ h; L2, if, etc 0 , which are based on an average 
'density of 20.32 wn/cc, to canpute reo ' 

In finding the :resonance escape probability,p, one uses for · A = f cr~! 
the graph or Figure 7, po 318.11 Chapter IV, section E ot the Project 15 
Handbook 0 However, for our pile this graph is not extended to suf=­
ficiently large values of (Iso In Figure II of this memorandum, this 
graph has been extrapolated to its asymptotic value of 2400 Ii should 
b~ eIDQ.hasized ~ ~ ~trapo1atl.on ~ ~ entir~j !2!:. ~ lLU\l"2.0~ 
of ha~lfiM s·t,andar<! valuer!. ~ .!Jli!!:. comEarisons gtay be made !?!-tuGeq !!@..ults 
obtained Bl. various computers J> ~ ~ ~ i:! based .2!! !!2 ~erimental 
svid~~ ~h~r ~ ~ .2! ~ graph in ~ Handbooif ~ !!!! assWlE.,tion 
that ~he e!!.Y!Ilet.~ti£ va~ is 2406 

.. ~r .. '''~ , .. : l j ;':~. ,,/ r~ .. 
. ' t . d ~~.; ·'d·,,/', " t"t..~( 

,_:,.,\i'; <-.. ' ; .. ~ ·"c:'.'" 
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We define the conversion ratio C as the ratio of the total number 
of neutrons leaking .from the pile per$econd to the total number o:f 
neutrons absorbed :in u2.35 per second. In can~uting C we assume for 
simplicity that all resonance absorption in U-J8 occm·s at 60 6 ev~ and 
that all absorption in U235 occurs at 009 avo The formula for C which 
we used is then -

C = B)\ ' t. -t "lf25....l1 - (1 - p)e ~B t'(6.6) _pe -B l( .(9) l] 
3N u-2, L2B J 

25 a . 

where l(a.) denotes the age of a neutron from fission energy to anergy' a o 

In Figur-e III we have multiplied R by 10-1 and the total weight~ by , 
10-3 before plottings in order to be able to exhibit the various quantities 
on the S&ue ~~aph, for convenience in making camparisonso 

E.) H .. Ostrow and Mildred Goldberger performed some of the calculations 
of this reporto 

jjp 

ec~Jillard, Daniels, ~Obertson, 
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HOT PIlE 
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