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T0: H. G. Sachs
FROM: A, V. Marbin

RE: The Conbrol Problem and the Critical Size of an Erviched,
Bel Moderated Pile, '

New calculations have bsen made concerning the conbrol problem and
the critical size of an enriched, BeD moderated pile, We let x dencle
the rabio of the ")J.g% of U0y %o the weight of Be0 in such a pile. We
have caleulatsd various quantities as functions of =, including the weight
of the pile, the we: z,ghc, of pure U<3 in the pile, the number of conirol
rods nesded, the maximum theoreiical conversion ratio, stc. The resulis
0; these caleulations are given in the Lab]o and graphs at the end of

is letter, :

The walues used for the various constanbs are those which appear in
MUC=KW-560 and MUC-KW-61. The calculations were first made assuming the
density of the BeO was 2.7 gms/cc, and the vesults obtained were then ade
justed to allow for 20% voids, and BsQ density 2.9; so that the final
effective density is 2,32,

In compubing the conbrol problem the theory of CP-1hbl was follewed.
A cylindwical centrol rod whose axis is parallel to $he sxils of the pile
is assumed to affect the neutron flux in such a way thab there is a
eylindrical surface, of radius rg, concentric with the surfece of the
control rod, throvgh which the net flux of neubrons of any energy is zerc.
This egfl.u'ader then acits as a perfect veflector. We place n such raflectors,
each off radius rg and each conbrolled by a poison rod along its cenbtral
axis, in the central section of the pile imn such 2 way as to form a com-
pact pattern of right circular cylinders, each of which is tengent to or
slightly overlaps one or more others. The total volume of these n cylincers
js now vegerded as one large central reflector, which we idealize as &
right e:‘a;wular cylindgrical reflector whose effective radius » is approximated
by asguming that r® = nlrg®.

Leb ¢ (a) dencte the radial variation of the neubron density in a
vigm, circular eyl :mclv.a_cal pile of zadius Ry and height h, Then

2
7 : )
LA G ) PN 8 = 20008
h= RQ . 'RO

ES NP 2
cireular oylindrical reflector of radius » is placed in ths pile, and
the cubside radius of the pile is lncreased from Ry to R in ovder to
kesp the pile of critical size, then we haws, in the pile with reflector,

» If a concentric right
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o) = I (60 +,(80),
ad(z) .. _ ~ .
ettt % = 3l J1{@r) & AH;(BY){ = O
‘ ag @E 1(@. + L (3 } 4
and ’
gR) =0,
The second of these équations gives A = -~ mﬁ and combining this with
the other two, we obtain - Hyler)

J,(6R) - J1(ex)
- Ny@R)  My(gr). C

This relstion pemits us to plot r/Rg as a function of R/R,, which has
been done in Figure I, We now indicate how to use this vesult in order
to campute the radiuvs r of the reflector necessary to control the pile,

 We find, in the usual manner, the radius R and height h of the optimum
cylindeical shape (h/R = 1.85) of a hot pile of critical size in which. -
the Xe poisoning has reached its steady shate, using the characterisiic

equation LZEhot +1=ke" Dhob yg pext compute the buckling Begig for
the cold pile in which there is no polson. Then from the relation

102 2 LOLBR |
B . = . Ao ("! )
cold w2 ‘%’ Rog » .

we find the critical radius R, which this pile would have if there were
no reflaector in it, We aow have R and Ry, which enables us by means of
Flgure I to find r. Our approgimation of the number of conurol rods
nesded is then given by (r/gs)“u ,

Wa now consider a similar probleme-that of determining a measure of
the safety afforded by a given number of control rods. Suppose then that
w3 are given the dimensions R and h of the hot pils contalning Xe, and
are allowed a given mumber n (in our case, we choose n = 7) of control
rods, and we wish to determine how large a value, Byax, of the buckling
can be controlled by these n reds. We find rg by the theory of CP-1461, -
and set r = ra/n . We then find Ry from Figure 1, and Byay is determined
by the relation ‘ ' : _

% = ,j’ﬁ 2 + 201&02582
ax 2 p 2

e Ro
1€ Beglg denotes as before our calculated value for B in the ecld pils
contzining no Xe, then Bmax/Bcold is a measure of the margin of safety
given by these n coabtrol rods. - ‘ :

In compubing re (for definition, see above) after CP-1461 Bl
group model is used for which the value of T~ given in MUC-KW-EEdise™""
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appfopriatee Instead we used a value ¢ obtained fram the eguation

'%(*‘ l} LZL 7 =0

in which L? k and B are cbtained in the usual manner, using s one-group
theory in the cold pile without poison, and us...ng the con.;tams of
: G-&(Waéo and HUC-EW-61, -

In CP=1461 it is assumed that the active material of the pile cames

- right up to the surface of the control vrod., In our case it is assumed
that the control rod, of radius x1, is surrcunded by an annular region,
of outeide radius vz, through which the coolant flows, To campute the
effective radius ry of the rod, talking into account the existence of this
gap, we proceed as follows, We firs{ compube the linear :axtrapolat:;.m
length A which we would use if there were no annular region for the flow
of coolant around the control rod, assuming tha’t the solid BeO, with no
voids, comes right up to the surface of the rod. This expression for A
is the one obtained by taking the first three terms of an expression given
in ¥T-135, namely :

| IQ = A( 071035, -é- °252h ‘é‘ ooghg) .
d & a"?-

where A is the transport meen free path in the solid BeC, and a = S o
We now take as the effective radius rq of the control rod the value
1’1 = »Q.

To =

- R’l - 07]-02!7 ;\
for the effective radius of the rod, :»md it may be worth while evenbually
to investigate this problen more carefully. We note inm support of the
present approximation that if we increase the radius of the rod indef-
initely, keeping r2 ~ ry fizxed, then the effective radius approaches

r2 = oT104 A, the correct value for rp = co; and if r; approaches 72,
renalning large compared with »h, we again get the correct expression
for ¥g. In our case we use ry = 3,175 em, ro = 3,731 em, A = 1.433 cm,
which give ro = 2,47 em, Ve then use this value of vy, in conjunction
with values of B, R, h, I?, ', etec., which are based on an average
‘density of 2,32 gn/cc, to compube Tgo

(z2 = 7104 A )' This gives cenly a first approximation

In finding the resonance sscape probability,p, one uses *”or A= 9“_‘;?@_
the graph of Figure 7, p. 31a, Chapter IV, section E of the Project E
Handbook, However, for our pile this graph is not extended to suf-
fit,ien‘t.ly large velues of 0"3., In Figure II of this memorandum, this
graph has been extrapolated to its asymp“t.otic value of 240, It should
be emphasized that this extrapolation was made entirely for the purpcse
of having sbtandard values so that comgamsans may be made betWeen results
obtained by various computers, and that it is based on No experimental

Pt i T e Y

evidence cther than that of the pr: graph in the Handbook and the assumption

that the asymptotic value i is 240,
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We define the comversion ratio C as the ratio of the total number
of neutrons leaking from the plle per gecond to the total number of
neutrons abscrbed in U</’ per second. In ¢ ggg:mg C we assume for
simplicity that all resonance absorption in U<°° occurs at 6.6 ev, and
that all absorption in U235 occurs at .09 ev. The formula for C which
we used is then '

- BX ?fz .._ - -Bf(éné) _ oBf'(,,OQ) }
T [rE e )

vwhere f( a) denotes the age of a neutron from fission energy to energy a.

In Figure I1I we have multiplied R by 10""1 and the total weight by
10~3 vefore plotting, in order to be able to exhibit the various qmmcimes
on the same graph, for ccnvenience in making camparisons,

E, H. Ostrow and ¥ildred Goldberger performed same of the calculations
of this report,.

ijp A, V. Martin

ce-Willard, Daniels, Robertson,

* Hutchison, Zinn, Ostrow, Hughes,
¥cCullough, G, Young, Clinton
File, Technical File

3R B



X aximun
| wt.of U0zlineoreq
wh.of B2l tical
conver~j - o . , 103
» ratio
003 - 1389.8 §1.57 1.7685 | ,1902 00101 0312%F .908
90016 0796 3‘0609‘ 1063 98068 i 0114’98 @0106 . 00328 1.0122
' 0006 0836 21502 1o69 08!493 01053 0112 30%5 1014}55
QO“OS 0839 16601 1071 08721 00810 oolls 00351} 19661
015 o812 | 91.8 11,68 ;9064 | 0448 | 0120 | 0368} 1.993
<0275 o167 | 51,2 § 1,62 L9252 | 0250 0122 0376 | 2,163
COLD PIIE
I ' ©
w,of UO
ibiaiaic: IS S IR PN VTS
wt.of Bel
aOOLI» . 1214-03 10723 0%80 1083-1
-008 75.8 [1.803 | .914112,319
0275 | 23,3 h.m7 | .9676) 2,610
) nn0a| B . %307
wboof W) of | Tor 1 . 1E, Total {Weight| Radius|Height
e ot Be0|CM= | T cop- SO 5 ZE. | Weisht| of of | of s Ir
trol | trol vods|Phot | Pecld kgo PUES pile | pile| & ; ©
rods R '5’ R h
kg,
003 | | 12,575] 9,98 | 97.7 | 181
004 Lol7 § 2,727 106321 1489 | 9,158| 9,69 87,9 | 162 119,68 63,0
006 v 6,200 9,84 | Tr.2 | 143
008 12,72 § ho3Lh  [1.3961 1,860 | 5,096[10,8 | 72,3 1 13h |16.67] 57.2
.GL5 3,877115.4 66,0 | 122 |
0275 11,90 | 20563  }1.207) 1.748 3,420024.9 63.3 | 117 }13.15|55.3




e A

=7

Fma

ey

g st o

JiSv it
RS Sawten Ko

o g
[RA N

T

§

T

WG IINT

AT

-

ey

Pz g

e A
et

S Sowen

54
1
fhes

[y

Tl

‘ot
e

fa

BRSNS
.

MRS

...:1*——

T

L

.

RO Ny

1

[

Zrgi o

oid

4% 147

SRR PR
P

T
SIS

b
33

5o &

ot

)

B Ras

2

s

Tl

iiije
i

JAR oo

It

i

. i
trirherr
rrd -

VBt N 3OVR o . R

' L . M ¢ .. .
- . . TKATIY EBUL IS Cpaited R S0uli TUTEL § 4P2330GNPEN
. B . & Vi-G8E 10N A4 Cm 0D HISSR Y 1344N3IN .



o

ol

- 5
: i i
' . Al I
1 b T - P
“ ! RSN E
L 4 4- 4 ) L. 144 |
! Dy I t
A HH ; r
1 +
;
7 4 s +H T -t
i NN |
Ve PR S S Y 141 1
H e i LT S RER
. o T
+
1040 : b1t : .
* s 41 1S | M
P A =
K H q
i fadad =
I SRk - : SR T
. ﬁ, e T [ RRREmE ks =
, F . h~
1 .43 ¥ t —1 .
¥ 12511 5 b i . v
- -
it Hi U B A
| I 11 i .-
4 - { .
= Fod
H BE <5 3
g1 g : fl
SN ; . : =
7 X T [ Y 7
133 { B : N >,
/ it il T s H ] .
N ~1- -+ u -m
. - BRELE LY T -0 o H j -
18184 4X 5 " ~- > E o
< ¥ - ot i 8 i £ 00 01 o oy o -]
2. SRR : : 28 =SB
6- Terdad g s 6
A4 - ﬂv‘ -y 2 ~ -4 ~r A*]
By AR £ SESE : b= S FERIEES = )
I - 23 £13 5 i
g ] : T T ; ;
. HisIEHER 1 - . A ‘ Hi . Ol
L R 1 . : ]
] A - "3 T H
! . a 3 MO j
. ' B i b e o S K i
2 - - 4
i ) g :
8 e A o Bt H
- L4 N ,r,T
1] S i IO Bp -
el A S
i it - {- 1
i - - nz_,« ; i
T z 5 ~Y1E : s
i i e g A X HERsaEs el g
Py 1202 3 o
L4 , N w RN
” e L A ¥
: ir D e s it 5
o T ity - ; i -4
G+ iy _,L - H : ¥ :
s s TS I 8
ﬁ, |m,\.~<. JEA 0L 2 Y N T N AEAY AN § NENR T T
! IRa 24 =g ke e :
% RN 1T 4 qQ
9t v SN Jeru g - ¥ - J
ud TR 1 b 0L X i =1,
L ~ ey X —+ 9an 3 3 L
ol B i o o o s b s - : = o
° - 5 - ;i 7 I8 &t B —1°
e 41 < LR Ebw: od] =
it 3 s 1 i R R 7 o
A T2 B T=F s SN £ A £ t3 st S b
D - by = & =t f LRI E IERESSERS: =00
3 K N . -
. . ¢ . . 1681 .
. . . R Lo vsiaonedoyn L .-
= : ' ’ o U espin 3 % 8 aummaneBoy : .
- . ' ' o , TLI-SE JON ‘A'N 0D HISSI 'Y 1344NIN R "

B




B - R . - - R FPN) - . et . i
RS : LT " : RN R ' S PR Lo . . . . . <
. ! - - - s . = RIS T 5 : X
. 2aua: AR R T T i e R ags SHHE I * «nr QW 5
p 2N 3 o Rynsdp 8 {3 iy 3 ;. & P
' 35inss i1 b PR 1 1 FETH : Nesaai 1 Fo)
i Raq ny Uy
Tty v.wv FRagl R oy ERE NS R [ 4 S N.h
. g I siendy iH REfapants S o BEAn
. vingueqyalc LrHETE I K ] : i b
n + THEY X B ) " v R .
. = t oo g ; : ]
b dsdeuiat bnsd H: (T & HOEE i: aNIES R
3 g ..%T..A.»;..f Aukon PRESRESREIREE .Lrwn b ww 4 ]
: 4 g g : g e
" ; EpwRy iy T e -
Eaad e T ESEH §
’ > AYkates 33 ipihpe T M N
T S A - it = .
FHit R3d .-rnw‘ i 7] 2 i u.. D .
v S i 15 I - i 1. »
G 4 AW R - T
-~ - R ek e AT 3
. p= 3 sExEBativer na £t S ) o
Uru\m + ks b8 3 it - " ‘.\,Z'_‘.w - .
T3] ¢ L ¥ At HT ™
= ..M NJ!M i £ el [ dil o ,m.
T - AL I Rl 1
3 Fe 4 4 o ix £l W
t sk 2h e
St 1 } iR s
Fre 5 g - N
M3 neapsexdnpafin ek T ’
LV + sensntl 4 [ Sogt -
- R 4 - s .YJM . .
13 B Sakif G S .
3 . AR B s HT
b jew T :
' ; ; 4 15 T
4 .\,Mn: L h
P2 S e
BT |
N T p.m Lyl
A Bk S gbts 1Y -
A 4 ) R
i A4 jat i. b D
T 1 BTExRRE g
. - o T 1&; Barais: »| .
by e I
i hids eaNsl .
4 TR SeseRISR AT akanay 3]
. s ] ‘,.,q_,. Porssqaurs z THE
N v F g 3in gy g .
7 AT T {1 g -
- Tt ~t - 1 geh! S AN -
’ ; R T TR g g e e e tH
-+ £l Ly el tnnt gt AR :
B n ¥ * AT g EISSAEEEassiys !
Eipoe rm. >y gheatare G o e 3 I8 X
M + ety Sy b S EE - S .
A o3 Ty A T e T T L R o
S ! Shy o e e e e Faii o
L 3
‘. ¥ : Y e
o il
ety toh
B - s
; Sy
: B
L MRS .
Hd i
- g s
ot 1
1375 %
b :
131 ¢
o+ ¥
3.
T
el
LILINT,
(At
Jertiedsti
. iR
AT
T
guying:
REeans .
s
£
o e
—_— -
=
et
N 1 ot
4,. o i - 3
-+ 2 t...fL‘.f...rv "
e e o
1t St
e
NeoR )
»r
rl N
, . . . RN o e . L . . PO STl YscaRgave | s . o P
. . - . - . R C e .t ot . L o _*éARou saUY @ “pauEdod QU ‘Wl § .nud,_.&_: i . s = - R )
-’ . c B L. o s o Sl PL-62EON 'A N Q0L U3SSI 9 13H4NIN T o ;
i > . . T ¢ . . [N e - . . . oY A oo . X 7 . s
. . . . . N . - o . v . - - . . s P







