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235U @u
CRITICAL DIMENSIONSOF’HOWGEN’EOUS SPHX~S CONTIUmNG , ,

AND CARBON FOR VARIOUS C/235U RATIOS AND 235U ENRICHMENTS

by

L. B. Engle and W. R. Stratton

ABSTRACT

~ criticaldimensionsof hoam eneous spheres containing 235U
9u, and carbon at various C/2 % moderating ratios and 23% ‘

enrichments are presented. S&e values of ~ for these mixtures
are included.

A parametric study of the redil of bare homogeneous
235U 238spheres containing , U, and carbon in tiri.

ous mixtures is presented. Critical radii were
(1)computed by utilizing the DTF code and the

Hansen-Roach 16-group cross sections.
(2)

A given uranium-graphitemixture was created by as-

suming that graphite density (p, = 1.%3 g/cm3) *S

reduced by the volume occupied by the uranium. For

this purpose the density of uranium enriched to

93.% 235U was taken tobe lk3.83g/cm3. With these

assumptionsthe relationshipbetween 23% density:

235U atomic ratio is235U enrichment,E; and C/

2351J= 37.211j)/(C/235U+1.976 E) .P

Critical radii were computed for C/23% values

ranging from 10° to 105 and for various 235U en-

richments. The results of this survey are present-

ed in Figs. 1 through k and in Table I. (Critical

radii for E = 93.~~were taken from Ref. 3.)

Because of the criticallyunbounded region for

c/235Uratios betwen 102and 103 and for low 23%

enrichments, special effort tis expended to fill in

this region through the computationof critical

radii at closely spaced intervals and of km values.

These latter data are presente~ in Fig. 5 and

Table 11. Interpolationsfor km = 1.0 were ob-

tained as shown In Fig. 5, and the enrichment for

k = 1.0 is plotted in Fig. 6 as a function of the
’23
C/ % atom ratio. The minimum critical enrichment

for the metal end point is calculated to be 5.694%

(This value canbe compared with experimental
~lues of ~.7m(4) and5.3L (5)~

A comparable study was completed by Safanov
(6) in

1952. Comparisons of critical radii show consid-

erable differences,especially in the C/235U atom

ratio between 102 and 103. These discrepancies

are attributed primarily to Safanov’s use of an

extremely small plateau value of 0.8 barn for the
23!3

U capture cross section in the resonance region.
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~,235u

o.CK)+o
9.40-1
2.85+0
7.83+0
1.00+1

1.*+1
3.77+1
7.75+1
1.00+2
1.57+2

3.16+2
6.37+2
1.00+3
1.27+3
2.%+3

:.:gt
.

1.02+4
2.04+4
4.07+4

8.15+4
1.00+5
1.63+5

0.00+0
1.00+0
l.OO+l
5.00+1
1.00+2

1.70+2
2.50+2
3.5Q+2
1.00+3
;.Or#;
.

0.00+0
1.00+0
1.00+1
5.00+1
1.00+2

1.70+2
2.50+2
3.5o+2
5.00+2
1.00+3

2.00+3
1.00+4

TABLE I

239U 2BU, and Carbon Romogeneoua SpheresCriticality Data for ,

235U

Density
Critical

ti=

93.5%235U IWlfWment

1.760+1 8.652+0
1.22U+1 1.122+1
7.480+0 1.514+1
3.740+0 2.180+l
3 .070+0 2.378+1

1.870+0 2.926+1
9.350-1 3.699+1
4.680-1 4.472+1
3.642-1 4.754+1
2.340-1 5.113+1

1.170-1
;“7?1:;5.84o-2

3.7UL-2 51819t1
2.*-2 5.819+1
1.460-2 3.973+1

;.~:-; 6.352+1
7.043+1

3:650~3 7.075+1
1.830-3 8.301+1
9.130-4 1.055+2

4.570-4 L529+2.
3.71i3-4 1.7592
2.&o-4 4.2$+2

~.0~235U Enrichment

~.649+0 1.685+1
h.904+0 1.826+1
2.243+0 2.688+1
6.575-1 4.508+1
3.491-1 5.893+1

2.107-1 7.003+1
1.450.1 7.655+1
1.044-1 7.890+1
3.697-2 7.263+1
1.238-2 6.~+1
3.718-3 7.383+1

~.0~235U ~rictint

3.766+0 2.176+1
3.420+0 2.294+1
l.872+o 3.117+1
6.214-1 5.061+1
3.386-1 6.726+1

2.069-1 8 .491+1
1.432-1 9.466+1
1.034-1 9.919+1
7.2*-2 9.699+1
3.@4-2 8.331+1

1.851-2 7.042+1
3.717-3 7.677+1

Critical
Mass

&

4.774+1
;.2&6;~
.

1.623+2
1.729+2

1.963+2
1.*3+2
1.75Y2
1.658+2
1.314+2

8.355+1
;.=
.

2.410+1
1.303+1

7.836+0
5.429+0
5.415+0
4.383+0
4.450+0

6.842+0
8.483+0
7.330+1

1.130+2
1.25a+2
1.820+2
2.520+2
2.993+2

3.0X+2
2.724+2
2.147+2
5.930+1
1.338+0
6.~O+O

1.624+2
1.728+2
2.37k+2
3.373+2
4.31~2

5.303+2
5.C8~2
4.22Y2
2.780+2
8.920+1

2.710+1
7.052+0

C,235U

1.CO+l
5.00+1
1.CKl+2
1.70+2
2.50+2

3.5o+2
5.00+2
1.00+3

0.00+0
1.00+1
5.00+1
1.00+2
1.70+2

2.50+2
3.50+.2
5.00+2
1.00+3
3.00+3

o.00+0
1.CK)+l
5.00+1
1.00+2
1.70+2

2.50+2
3.00+2
3.5o+2
5.00+2
1.00+3
3.00+3

1.00+2
1.70+2
2.50+2
3.00+2

3.50+2
5.00+2
1.00+3

0.00+0
1.00+0
1.00+1
~.oo+l
1.00+2

235..

Dens;ty
Critical

AX

ti.0~23~Enric&nt

1.774+0 3.266+1
6.~02-I 5.242+1
3.353-1 7.082+1
2.056-1 9.044+1
1.426-1 1.037+2

1.031-1 1.q9+2
7.282-2 1.042+2
3.680-2 8 .@8+l

1.6.0~.235UEnrichment

3.Olw 2.545+1
1.665+0 3.468+1
5.968-1 5.496+1
3.31.2-1 7.522+1
2.041-1 9.892+1

1.41E-1 1.174+2
l.oq-l 1.216+2
7.266-2 1.161+2
3.675-2 9.360+1
1.235-2 7.575+1

14.& 235u Mricmnt

2 .636+0 2.822+1
1.93+0 3.761+1
5.803-1 5.878+1
3.261-1 8.168+1
2.021-1 1.Mo+2

1.409-1 1.4%+2
1.135-1 1.y3+2
1.022-1 1.4$6+2
7.237-2 1.377+2
3.669-2 1.015+2
1.23%2 7.669t1

13.0L235U Enri&unent

3.2X-I 8 .66yl
2.009-1 1.274+2
1.403-1 1.692+2
1.IEL1 1.832+2

1.019-1 1.797+2
7.222-2 1.55~2
3.66>2 1.q6+2

12.0~23hEnrichment

2.260+0 3.223+1
2.13il+o 3.341+1
1.406+0 4.224+1
5.558-1 6.4~+1
3.195-1 9.345+1

Critical
Mass

jkg 23?Q

2.588+2
3.680+2
4.s@t2
6.369+2
6.630+2

s.424+2
3.446+2
1.046+2

2.C80+2
2.9X3+2
4.149t2
5.$03+2
8 .272+2

9.600+2
7.7292
:;7!&f&

2.248+2

2.481+2
3.4S+2
4.9S+2
7.444+2
1.2%+3

1.814+3
1.683+3
1.432+3
7.914+2
1.609+2
2.332+1

8 .649+2
1.739+3
2.847+3
3.040+3

2.k7Y3
1.137+3
1.911+2

3.169t2
3.327+2
4.437+2
6.369t2
1.092+3

10



q235u

1.70+2
P.y)+p
3.00+2

‘ 3.5o+2
5.00+2

1.00+3
3.00+3
1.00+4

2.00+2
2.5Q+2
3.CO+2

3.25+2
3.5o+2
5.00+2

2. 50+2
3.00+2
3.25+2

3.50+2
h.00+2?

3.00+2
3.25+2
3.75+2

o.00+’0
l.oo+l
5.00+1
1.00+’2
1.70+2

2.50+2
2.7~2
2.92+2
3.67+2
k.00+2

4.50+2
k.’75+2
5.00+2
1.oo+3

2.00+2
2.155+2
L. 500+2
4.T5+2

TABLE I (Continued)

23% 2XU, and Carbon Homogeneous SpheresCriticalityData for ,

235U

Density
Critical
RaUius

k/cln3 (&l)

~.ot23~ Brictint

1.995-1 1.505+2
1.3$X5.1 2.207+2
1.176-1 2.662+2
1.01>1 2.489+2
7.204-2 1.869+2

3.661-2 1.162+2
1.234-2 8.174+1
3.715-3 8. 140+1

11.5% 235U Enrichment

1.713-1 2.060+2
1.393-1 2.7$6+2
1.173.1 4.020+2

1.097-1 4.411+2
1.013-1 3.835+2
7.lg4-2 2.163+2

11.25%.235U Enrichment

1.391-1 3.476+2
1.172-1 ;.y%~+
1.0!36-1 .

1.o12-1 6.290+2
8.911-2 3.815+2

11.1.2~235U Enrichment

1.171-1 1.274+3
1.086-1 3.193+3
9.474-2 7.596+2

11.0C235U Enrichment

2.071+0
1.331+0
5.475-1
3.154-1
l.gllo-l

1.389-1
l.qo-l
1.I.20-1
9.655-2
8.902-2

3.502+1
4.~6+1
6.959+1
1.039+2
2.039+2

4.85Y2
9.752+2
4.348+3
4.518+3
6.707+2

7.951-2 3.4q+2
7.548-2 2.st18+2
7.184-2 2.693+2
3.655-2 1.286+2

10.y. 235U Enrichment

1.700-1 5.g71+2
1.588-1 3.5Q2+3
7.937-2 4.611+3
7.535-2 9.209+2

Critical
Mass

(@l 235U)

2.848+3
6.289+3
9.265+3
6.552+3

1.966+3

2.402+2
2.821+1
8.392+0

6.272+3
1.275+4
3.191+4

3.508+4
2.394+4
3.049t3

2.446+4
1.358+5
8.554+5

1.055+5
2.071+4

1.01.6+6
1.475+7
1.739t5

;.722
.

7.7W+2
1.482+3
7.014+3

6.664+4
4.933+5
3.858+7
3.733+7
1.125+5

1.317+4
8.43Y3
5.872+3
3.23+2

I.516+5
2.855+7
3.259+7
2.465+5

c/2%

o .00+0
1.00+1
1.00+1
4.00+1
8 .00+1

1.00+2
1.10+2
1.30+2
1.50+2
1.75+2

1.79+2

‘2:%:
7 .00+2
9.00+2

1.00+3
3.00+3
;.00+:
.

2.00+4

4 .00+4
6 .00+4
8.00+4
1.00+5
1.10+5
1.%+5

o.00+0
1.00+0
9.00+0
2.k55+l
5.13f3+l

1.oo+2
7. p+2
8 .00+2
2.00+3

o .00+0
1.00+0
6 .00+0
1.20+1

3.%+1
5.M+l
1.30+3

o.00+0
1.00+0
4 .00+0
1.00+1
3.00+1

235U

Density Critical
2 Radius

&!!+ &!L-
10.r)Z23~ Enrichment

1.88W 3.874+1
1.792+0 4.013+1
1.250+0
6.226-1

5.0891
7.055+1

3.730-1 1.013+2

3.107-1
2.868-1
2.485-1
2.192-1
1.91.1.1

1.872-1
6.531-2
6.004-2
5.170-2
4.04~2

3.649-2
1.232-2
6.181-3
3.714-3
1.859-3

1.217+2
1.349+2
1.658+2
2.320+2
6.741+2

1.913+3
7.301+2
3.*+2
2.362+2
1.623+2

1.457+2
8.662+1
8.147+1
8.3%+1
9.313+1

9.2$8-4 1.145+2
6.199-4
4.6Y-4

1.370+!2

1.6=+2

3.720-4 1.914+2
3.392-4 2.c@3+2
2.862-4 2.4@+2

9.0Z23?l Enrichment

1.695+0 4.407+1
1.6~+o 4.572+1
1.202+0 5.761+1
8.001-1 7.210+l
5.171-1 8.$&+l

3.051-1 1.634+2
4.82o-2 4.270+2
4.~-2 3.147+2
1.840-2 1.043+2

8.0~235U Mritient

1.506+0 5.263+1
1.448+0 5.487+1
1.21.2+0 6.613+2
1.014+0 7 .804+2

6.233-1 1.042+2
4.581-1 1.189+2
2.809-2 1.797+2

7.00Z235U Enrichment

1.318+0 6.$85+1
1.273+0 7.476+1
1.155+0 8 .863+1
9.733-1 1.248+2
6.390-1 2.659+2

Critical
Mass

@@!!)

4.570+2
4.8~+2
6.860+2
9.740+2
1.619+3

2.345+3
2.949+3
5.092+3
1.146+4
2.k51+5

5.49+6
1.064+5
1.142+4
2.853+3
7.247+2

4.720+2
3.354+1
1.399+1
9.070+0
6.288+0

5.847+o
6.68o+o
8 .294+0
1.092+1
1.280+1
1.729+1

6.076+2
6.488+2
9.625+2
1.256+3
1.5450+3

:.57X;

5:X+3+3
8 .743+1

9.1$+2
1.002+3
1.469+3
2.o@+3

2.951+3
3.5C8+3
6.3!)0+2

1.882+3
2.228+3
3.566+3
;.:g;
.
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TABLE I (Continued)

~,235u

1.50+3
3.00+3
1.~+k

a

3.00+2
3.25+2
3.50+2
3.75+2

3.00+2
3.25+2
3.32+2
3.5o+2
3.75+2

2.75+2
3.00+2
3.25+2

3.5o+2
3.75+2
4.00+2

2.00+2
2.25+2
4.25+2
4.50+2

1.50+2
1.75+2
1.87+2
2.00+2
2.50+2

235U
Density

(6/m3)

235U a
CriticalityData for , U, and Carbon

Critical
Radius
(cm)

7.00% 231J Enrichment

Critical
Mat3s

c/23?l

2.435-2 1.843+2 6.382+2 0.00+0
1.229-2 1.ok4+2 5.855+1
3.710-3 8.920+1 1.101+1

3.00+3
1.00+4

Homogeneous 2pheres

235U
Density

Critical
Radius

Q5&!E?l -@l

6.00%23%~ic~ent

5.00.%23% Enrichment

1.224-2 1.444+2
3.706-3 9.729+1

TABLE II

km for a Given C/23~ Ratio and Enrichment

235U

Density

ti

1.1.25%2311 Enrichment

1.172-1
1.086-1
1.012-1
9.&f8-2

lJ..l25%#235U Enrichment

1.172-1
1.086-1
1.064-1
1.01.2-1
g.47k-2

l-loo%235U Enrichment

1.279-1
1.170-1
1.09>1

1.o1.1-1
9.469-2
8.902-2

10.~235UEnri chment

1.700-1
1.526-1
8.34-2
7.937-2

10.&23k mmichment

2.192-1
1.911-1
1.800-1
1.700-1
1.379-1

1.006+-0
1.C036+0
1.0053+0
l.ooqh-o

1.0029+0
1.00Q6+0
1.0000+0
1.0019+0
LO060+0

1.0031+0
9.9991-1
9.!7749-1

9.5i300-l
1.0022%
1.0064+0

1.0063+0
9.9921-1
9.9$2-1
l.000~

1.0243+0
1.0044+0
9.9580-1
9.9080-1
9.7910-1

SF?LJ

3.00+2
3.25+2
3.50+2

3.75+2
4.00+2

5.50+2
6.00+2

1.00+2
1.50+2
1.73+2

6.50+2
7.50+2
8 .00+2

8 .00+1
9.00+1
1.05+2
8.50+2

1.00+3
1.15+3
1.30+3

4.20+1
~.oo+l
6.00+1

7.00+1
8.00+1
9.00+1

23%

Density

&

10.& 235U Enrichment

1.164-1
1.087-1
1.006-1
9.426-2
8.864-2

6.331-2
6.004-2

9.* 235U Enrichment

3.051-1
2.164-I
1.88+1

5.537-2
4.82o-2
4.527-2

8.0~235U Mrichment

3.554-1
3.244-1
2.869-1
4.2X-1

3.631-2
3.168-2
2.809-2

7.!X23k~icbent

5.444-1
4.874-1
k.309-l

3.862-1
3.499-1
3.193-1

Critical
Mass

(kg 23%

1.49+4

1.%4+2
1.430+1

k=

9.7270-1
9.71C0-l
9.6996-1
9.69@1
9.7370-1

1.0051+0
1.01s9+0

1.041.l.+o
9.9439-1
9.7635-1

9.9147-1
1.o12~o
1.0220+0

1.0237+0
1.o136to
9.9785-1
9.9360-1

1.02q+o
1.OM+O
1.q43+o

1.0363+0
1.0322+o
1.0241+0

1.0146+0
1.0042+0
9.9317-1

.

u?



TABLE II (Continued)

kafor a Given C/23k Ratio and Enrichment

S&2

2.00+1
3.00+1
5.00+1

2.00+1
3.00+1
4.20+1
5.00+1
6.00+1

7.013+1
1.00+3
1.20+3
1.30+3

1.40+3
1.65+3

4.00+1
6.00+1

2.00+1
4.00+1

1.X+1
*. %+1

1.15+1
1.60+1

9.00+0
1.00+1

5.M+O
1.00+1

1.00+0
1.00+1

1.00+0
1.00+1

235U
Density

@?!!l

7.125 235U Enrichment

7.795-1
6.445-1

-4.787-1

d 235U Enrictient7.oo-a

7.71>1
6.390.1
5.29-1
4.756-1
4.217-1

3.’@8-l
3.619-2
3.029-2
2.801-2

2.605-2
2.217-2

6.~Z 235U Enrichment

5.421-1
4.158-1

6.8% 2311 Enrichment

7.584-1
5.388-1

6.74m235U Enricbent

8.36>1
6.828-1

6.6~235u ~ie~ent

8.979-1
8.099-1

6.5%235utiichment

9.444-1
9.210-1 .

6.4% 235U Enrichment

1.037+0
9.102-1

6.2% 235U Enrichment

1.132+0
8.887-1

6.0~ 235U ~ic~ent

l.oq+o
8.667’-1

kw Cpu

235U
Density

( e/~3 ) km

1.023~0
1.01.83+0
Lol14+o

1.0156+0
1.0108+0
I.0072+0
1.0042+0
9.!XWO-1

9.8958-1
9.7751-1
1.0148+0
1.0341+0

I.0521+0
1.0911+0

1.CCJIE+O
9.9230-1

1.0028+0
9.9560-1

1.Oopo
9.9310-1

9.9460-1
1.0042+0

1.0055+0
1.00190

1.0167+0
9.9510-1

1.030w
9.8100-1

1.0155+0
9.6710-1

1.00+0
6.00+0

4.00-1
1.00+0

1.00-1
6.00-2

1.00-1
6.00-2

4.00-2
5.75-*
6.00-2
1.00-1

0 .00+0
5.cO-3
7.00-3
1 .OQ-2

1.50-2
3.00-2
4.00-2

1oo-2
1.35-2

4.00-2
1.00-1
5.oo-1
1 .00+0

1.65+3
1 .75+3
1.95+3

2.85+3
4.40+3
4.63+3
7.00+3

‘j.8%,235uEnric~ent
1.061+0
9.286-1

5.7?. 23~Enrictient

1.0-(0+0
1.052+0

5.71Z231J Enrichment

1.072+0
1.073+0

5.705%235U Enrichment

1.~l+o
1.072+0

5.70,%235U Enrichment

1.072+0
10072+0
l.q%?+o
1.070+0

5.695%0235U Enrichment

1.O&o
I.072+0
1.072+o
1.072+0

1.071+0
1.071+0
1.071+0

5.68Z23T Enrichment

1.069+0
1.069to

~.60Z 235U Enrichment

1.053+0
l.op+o
1.039+0
1.025+0

5.00Z,235UEnrichment

2.202-2
2.079-2
~.8702-2

3.0~235UEnrichent

1.276-2
8.332-3
7.924-3
5.266-3

9.9950-~
9.6780-1

1.000$)+0
9.9560-1

1.Ooowo
1.0007+o

1.0000+0
1.OQok+o

1.0002+0
9.9999-1
9.9997-1
9.99+-l

1.0001+o
1.0000+0
1.0000+0
9.99$7(-1

9.99$%-1
9.9582-1
9.9971-1

9.S873-1
9.973-1

9.9193-1
9.9130-1
9.8770-1
9.8350-1

9.64870-1
9.8078-1
LO094+0

9.0560-1
1.0231+0
1.0582+0
1.1450+0
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