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ABSTRACT

Experiments have been performed to detgrm1pe the conditiong under

-which aqueous soluticns of uranium enriched to 93. 2% in the U235 isotope
‘can be made critical. The solutions, whieh had H:U235 atomic ratios

varylng between 27.1 to Th. 6 were contained both in water-reflected and
unreflected alumimm or gtalnless steel cylinders with and without cadwmium
vrappings., The experiments varied from the use of a single vessel to
interacting arrays of seveh vesselse

In one group of experiments, arrays of aluminum cylinders having

‘parallel axes and containing a solubion with an H:UZ35 atomic ratio of

4.3 were tested. In these it was found that a hexagonal array of seven
(one in the center) water-reflected, cadmium-wrepped 6-in.-dia cylinders
would be guberitical at any solution height with an sdge~to-edge spacing
of the cylinders grester then 2 in. A similsr arrey of unreflected
8-in.-dia eylinders required a spacing of sbout 18 in. Three unreflected
8-in.-dis cylinders arranged in the geometry of an equilateral triangle
required an edge-to-edge spacing of about 9 in. A water-reflected cadmium-
wrapped B~in.-dia cylinder became critical at a height of approximately
2h.5 in. Water-reflected 6-in,-dia cylinders arranged in straight-line
arrays were effectively isolated at edge-to-edge spacings greater than

12 in. Two unreflected 8-in.~dia cylinders required a spacing of 3 in.
to remain suberitical at any height. When three water-reflected 8-in.-.
dia cylinders were arranged in an isosceles-triangle geometry, it was
found that the common critical height was esgentlialiy constant for vertex
angles greater than 90 deg. As would be expected, it was found that the

,angglar dependence was much greater in an unreflected system.

In a second group of experiments the eritical parameters of solutions
contained in single aluminum and stainless steel cylinders were investigated.
Extrapolation of data from experiments with solutions in water-reflected
aluminuwn cylinders confirmg earlier experiments which indicabted that cyline
ders with diameters less than 5-1/2 in. would not become critical. A
6-in.-dia water~reflected stainless steel cylinder containing a solution
with & ratioc of L4.3 became critical at a height of 118.4% em. The results
of experiments with unreflected cylinders indicated that 8.76 in. is very
near the critical dismeter of an infinitel hlgh unreflected aluminum
cylinder containing a solution with an H: U437 atomic ratio of Lb. %: the
corresponding diameter of a stainless steel container is between 8.5 and

8.76 in.

The critical parameters of water-reflected vegsels of anrmular cylin-
drical geometry were also studied. 8Single vessels were tested with the
regions inside the annuli filled with water or air, with and without a
cadmium lining. The critical parameters of solutions in "Y" and "cross"
geometries were also investigated. In a final group of experiments the
neutron reflector properties of furfural, concrete, carbon; and firebrick
ware compared with those of water.






INTRODUCTION

A program to determine the critical conditions of agueous solutions of
urgnium salts highly enriched in the uasd isotope was initiated in 1947. In
the earlier experiments the critical parameters of solutions contained in single
aluminum or stainless steel cylinders having diameters up to 20 in. were gtudiedl
and measurements were made with two individually suberitical cylinders so ar-
ranged that the exchange of neutrons between them formed a critical system.
Both of these studies have been extended and this report presents date for single
aluminum cylinders having dismeters up to 30 in. and for arrays of as many as
seven interacting cylinders. The fissionsble material used was uranium, enriched
to 93.2% in the ués isotope, in aqueous solutions of uranyl fluoride at several
chemical concentrations, Three other sets of experiments with these soclutions
are also reported here. In one set the critical conditions of solutions in cy-
lindrical snnular geometry were studied and in another a few measures of the
neutron interaction between intersecting pipes were made. The fifth set of
experiments investigated the neutron reflection properties of certain special
materials. '

It is appropriate to point out that studies with solutions. of fissionable
materials constitute a long range program of the ORNL Critical Experiments Lebo-
ratory and that this is only one of a series of reports of the results. Although
some of these data cover an essentially complete section of the program, subse-
quent reporits in this series will certainly be supplementary. Many of the re-
sults describe chain reacting volumes in simple geometry unencumbered by foreign
materials and serve, therefore, as bases for comparisons of reactor calculations
and experiments. Some of the other results will have value in empirical appli-
cations bo problems of muclear safety. This report is a presentation of the
dats and includes no correlations with theory or references to partieular
problems.

The variety of measurements incorporated in these experiments hss made the
asgigmment of limits of accuracy and precision difficult. Most of the as-
serblies were critical and the results are reported to the appropriate number of
significant figures. It was not possible to make some assemblies eritical be-
cavse of inventory limitations or geometrlc restrictions. Estimates of the
eritical dimensions of the near critical ones from source-neutron multiplication
curves with broad limils assigned appear in the data tabulations. These di-
mensions, incidentally, are probably lower than the true values in order not to
overestimate the critical parameters. Still other results are modified by foot-
notes appended to the data tabulations.

The measurements are subJject to the usual inaccuracies in the dimensions
yvielding the volumes of solution and in the sampling, chemical concentration,
and specific gravity determinations, each being estimated at about % 1%. There
are also uncertainties arising from the structure of the test vessels, the effectis
of the vesgel wall and the tubing through which the solution is admitted, for
example, which have been corrected empirically. Errors in these corrections as
great as 25% of themselves will not add significantly to the total error except
in those cases where the critical heights are only a few centimeters. The
variations in the temperatures at which the experiments were performed did not

1. C. K. Beck et al., "Critical Mess Studies, Part IIT," K-343 (April 19, 1949).
A. D. Callihan et al., "Critical Mass Studies, Part V," K-643 (June 30, 1950).
2. A, D. Callihan et al., "Critical Mass Studies, Part IV," K-L06 (Nov. 28, 1949).
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add greatly to the errors. The precision of individual dimensions is quite
high, critical heights being readily reproducible, for example, to 0.0l in.

In general an uncertainty of *3% is assigned to the values of the parameters

of the simple geometries which were made critical. In the experiments
comparing, say, critical heights at various vessel spacings or with different
reflectors, the relative values of parameters of interest are equally well known
although the absolute values are not accurate since all the above corrections
could not be made,



I. CRITICAL PARAMETERS OF ENRICHED U5J” SOLUTTONS
IN INTERACTING ARRAYS OF CYLINDERS

The interaction of two cyllmders containing highly enriched uranium
solutions, was studied prev1ousLy./ Iin the series of experlments reported
here the number of interacting cylinders was extended to seven. The
paraemeters studied were: the effect of the separation distance, the
effect of the number of cylinders, the effect of the geometry of the array,
the effect of wrapping the cylinders with cadmium, and the effect of water
as reflector and moderstor on the interacting system. Ssveral combinations
of these parameters were also studied.

Experimental'material and Procedure

The scolutions used in these experiments had an H: 0235 atomic ratio of
approximately 45, a moderation that gives minimum c¥itical volumes for re-
flected systeéms. The solution was contained in 6- and 8-in.-dia aluminum
eylinders (0.060-in,-thick walls) which in turn were placed in various
arrangementg inside a large 9.5-ft-dia by 10-ft-high sieel reflector tank
a8 shown in Fig., l. A central cylinder remained stationary in the tank.
Six other cylinders were mounted on a Unistrut frame 60 deg apart radially
so thet their positions.could be moved as required by the experiments.
During same of the tests the cylinders were wrapped with 28-mil-thick
cadmium sheet which was bent to fit the cylinders and drawn in snugly by
loops of steel wire. Fach of the cylinders was coated on the inside with
Heregite for protpction sgainst corrosion.

The solution was fed into the cenfral cylinder of the array through a
A-ingdia pipe which was connected to the permanent solution storage tank.
The pipe extended 12 in. from the floor of the tank to allow room for
attaching six short sections of l-in.-dis pipe thei were welded into the
3~in~dia pipe H0 deg apart radially. Each l-in.-dia pipe terminated at
a flange to which & Saunders valve.was atbached. One end of a double-walled
Tygon tubing was then connected to a fitting atiached to each valve and ihe
golution was carried through the tubing to one of the movable cylinders.

The number of cylinders used for & specific experiment was determined by
the number of valves left open.

The solution height in the central cylinder was measured by s rack-
driven probe rod connected to selsyns. A smell d-c pobential in geries with
an indicator light was used to determine probe contact with the solution.

3. A. D. Callihan et al., op. cit., K-L06.
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The signals from radiatlon monitoring instruments activated two different
safety devices. One was a 3~-in. solution dqump valve under the central cylinder;
the: other was a safety rod suspended by a magnet above the solution in the
central cylinder (not shown in the photograph). It was not believed necessary
to have safety rods in the moveble cylinders, even for experiments in which there
was little or no interaction since during the addition of solution its height was
always greater in the central cylinder. There was also a 3-in. section of pipe
under the central cylinder which was equivalent to about 2 to 3 cm of additional
length on a 6-in.-dia cylinder. Hence, the central cylinder wsas always the most
reactive. The source (not shown) was mounted so that when it was in the "in"
position it was agalnst the outside of the central cylinder near the bottom.
Only one fairly strongsource was used. Mechanical difficulties made it incon-
venient to arrange adjustable volumes of water in each of the interacting cylin-
ders so in all of the experiments reported in this section the solution was only
partly reflected.

In the initial stages of filling the cylinders it was necessary to manually
drive out any air pockets from the Tygon tubing to prevent their causing subse-
quent differences in the equilibrium solution heights. After each addition of
solution to the central cylinder, sufficient time was allowed for the levels to
equilibrate. At criticality the reflector water height was adjusted in order
that the critical parameters reported here be for arrays in which the water
height is the same as that of the solution. The separation of the cylinders was
changed manually after the removal of the fuel solution and the reflector water.

Experimental Results and Discussion

Hexagonal and Triangular (Equilateral) Arrays. Figure 2 is a graph of the
critical height of the solution in water~reflected (except at top) 6-in.-dia
cylinders in both hexagonal and triangular arrays as a function of the outside
edge-to-edge spacing of the cylinders in the arrays. The value of the critical
height of each array approaches the value of the critical height of a single
cylinder at an edge~-to-edge spacing of about 15 in:  For the seven-cylinder
array the effect of wrapping the cylinders with 28-mil-thick cadmium sheets is
also shown. The extrapolated curve for this array indicates that the critical
height would be infinite at an edge-to-edge spacing of about 2 in. The values
of the critical height, as well as the other critical parameters, for the 6-in.-
dia cylinders are listed in Table 1.

The critical solution height as a function of the edge-to-edge spacing for
both hexagonal and triangular arrays of water-reflected 8-in.-dia cylinders is
shown in Fig. 3. Within the precision of the experiments, the common critical
height becomes that of a single water-reflected 8-in.-dia cylinder at an edge-
to-edge spacing of about 9 in. This separation is less than the corresponding
dimension for 6-in.-dia cylinders, due possibly to the much greater end leakage
from the larger cylinders and the differences in geometry affecting the solid
angles mutually subtended by the cylinders in each array. When a single water-
reflected 8~-in.-dia cylinder was cadmium wrapped it still became critical, and
the values of the critical heights of arrays of cadmium-wrapped water-reflected
8~in.~dia cylinders approach the value of the single cadmium-wrapped cylinder -
at large edge-to-edge spacings. All the critical parameters of the 8-in.-dia
cylinders are summarized in Table 2.

* No corrections were made to the results of interaction experiments for end
effects due to the structure of the cylinders or the feed line. Therefore,
the critical heights of single cylinders shown here for comparison only do
not agree with more accurate values tabulated elsewhere.



CRITICAL HEIGHT (in.)

UNULADDIrICUY

ORNL-LR-DWG 163552

40
|
35 IL
| SINGLE CYLINDER
30 IL &\
///.__
25 ! ,//O/
| Y, 6-in.—DIA CYLINDERS
| // H: UZ° ATOMIC RATIO = 44.3
20 )y WATER-REFLECTED
! / 0SEVEN CYLINDERS
15 7/ A THREE CYLINDERS
/ /A/// WATER-REFLECTED AND
10 CADMIUM - WRAPPED
g?/{ @ SEVEN CYLINDERS
5 | |
0

5 10 15 20 25
EDGE-TO-EDGE SPACING (in.)

Fig. 2. Critical Height as a Function of the Edge —to-Edge
Spacing of Water-Reflected 6—-in—dia Aluminum Cylinders
Containing an Enriched u23° solution: Hexagonal and Triangular
(Equilateral) Arrays, with and without Cadmium Wrapping.



Table 1. Critical Parameters of an Enriched U255 Solution Contained
in 6~in.-die Aluminum Cylinders in Hexagonal and
Triangular (Bguilateral) Arrays

Solution Concentration: 0.3473 g of U ger g of solution;
0.5376 g of U235 per cc of solution;
H:U435 atamic ratio = Lk%.3
Specific Gravity: 1.661

Critical Height (in.) Critical Volume (liters) Critical Mass (kg of U23D)
Fdge~to-Edge Water -~ Water- Vater-
Spacing (in.) Reflected Unreflected  Reflected Unreflected Reflected Unreflected
Seven~Cylinder Hexagonal Array

0.15 5.0 8.9 16.2 28.7 8.7 15.%
1.0 5.5 13.0 17.5 2.0 9.4 22.6
2.0 6.9 20.3% 22.3 65.7 12.0 35.3
3.0 9.2 33 2 29.8 107 £ 6 16.0 58+ 3
4.0 12.2 > 50% 39.3 = 162 21.1 =87
6.0 18.8 b 60.8 2.7

9.0 25.9 - - 83.8 45,1
12.0 28.4 - - 91.9 k9.4
15.0 28.9 - - 93.6 50.3
2.5 28.8 b 93.1 50.1

Three~Cylinder Triangular Array
0.15 7.0 > T0¢ 9.7 =97 5.2 =52
3.0 12.3 b 17.0 9.1
Seven~Cylinder Hexagonal Array, Cadmium-Wrapped

0.15 8.1 10.3 26.1 33,2 4.0 17.8
1.0 17.4 15.1 56 .4 8.9 30.3 26.3
2.0 b 2h.6 79.7 k2.9
3.0 b > 508

k.0 b b

Three~Cylinder Triangular Array, Cadmium-Wrapped
1.0 b b

8. Extrapolation of a reciprocal source-neutron multiplication curve from a height of
29 in. showed this system may be critical at & height greater than 50 in.

b. These vessels were £illed to & height of at least 27 in. and the extrspoletion of
the reciprocal source-neutron multiplication curve indicates that they could not
be made critical at any height.

c. Extrapolation from 53 in.
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Table 2. Critical Parameters of an Enriched ul35 Solution Contained
in 8-in.-dia Aluminum Cylinders in Hexagonsl and
Triangular (Bguilateral) Arrays

Solution Concentration: 0.3473 g of U ger g of solution;
0 52%6 g of U233 per cc of solution;
H:U235 gtomie ratio = 4.3
Specific Gravity: 1.661

Critieal Height {in.) Critical Volume (liters) Critical Mass (kg of U235)

Edge~to-Edge Water- Water- Water-
Spacing (in.) Reflected Unreflected Reflected Unreflected Reflected Unreflected

Seven-Cylinder Hexagonal Array

0.15 k.7 7.2 27.2 b1.6 14.6 22.4%
1.0 5.0 8.5 29.1 49.2 15.6 26.4
2.0 5.9 10.1 34,0 58.6 18.3 31.5
3.0 7.0 11.7 40,2 67.8 21.6 36.4
4.0 7.8 13.2 45,0 6.3 2k .2 41.0
6.0 8.7 16.5 50 .4 95.4 27.1 51.3
9.0 9.0 22 + 2 51.7 127 + 12 27.8 68t 6
12.0 - > 258 - =145 - =TT
Three-Cylinder Triangular Array
0.15 5.7 10.7 k.2 26.4 7.6 4.2
1.0 6.1 13.8 5.1 3%.2 8.1 18.4
2.0 7.0 17.8 17.2 T 9.3 23.7
3.0 7.8 22.0 19.3 sh.5 10.4 29.3
k.0 8.4 27.1 20.7 67.0 1.1 36.0
6.0 8.9 h2 £ 1 22.0 10k £ 2 11.9 56 + 1
9.0 - = 60P - >150 - >80
Seven-Cylinder Hexagonal Array, Cadmium-Wrapped
0.15 6.2 7.7 36.0 4h.5 19.3 23.9
1.0 8.2 9.0 bk 52.2 25,5 28.1
2.0 11.2 10.5 64.5 60.6 zh .7 32.6
3.0 k.3 12.0 82.7 69.2 k.5 37.2
k.0 17.1 13.6 98.9 78.4 53.2 k2.2
6.0 21 £ 1 16.9 121 £ 6 97.8 65 % 3 52.6
9.0 20->23%,5 >25% ~-115 =>1hk 62 =78
Three~-Cylinder Triangular Array, Cadmium-Wrepped

0.15 8.4 11.7 20.7 28.9 11.1 15.5
1.0 10.8 1h.6 26.8 36.1 1k .4 19.4
2.0 1k.2 18.5 35.2 45.8 18.9 2k .6
3.0 17.1 22.9 o i 56.7 22.8 0.5
k.0 19.5 28.2 48,2 £9.9 25.9 37.6
5.0 - 35.2 - 87.1 - 46.8
6.0 22.1 bz + 3 5.7 10T £ 3 29.4 58 + 1
9.0 2%.5 >55P 58.2 > 1357 31.% =Tk

a. Extrapcolation of a source-neutron multiplication curve from 17 in. indicates the
system may be critical st a height as low as that recorded.
b. Extrapolation fram 39-in. height.
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Figure 4 ghows the critical height of the solution in seven 6-in.-dia
cylinders as a function of the edge-to~edge gspacing for three reflector
conditions: (1) unveflected, (2) cadmium-wrapped {no water), and (3) cedmi-
un-wrapped and water-reflected. It will be noted that, except for the near
contact case, the critical heighis for the cadmium-wrapped arrays were higher
when surrounded by water, This makes it imperative to drain the fuel before
draining the water. The experimentel dota for this series of %tests are
tabulated in Tabie 1.

The critical solution height of arrays of 8-in.-dia cylinders as a
function of the edge-~-to-edge spacing with no water present is shown in
Fig. 5. ‘The dasa are plotied for both three and seven cylinders and show
the displacenent of the curve ceuvsed by the addition of four cylinders
Extrapolation of the data indicates that three cylinders would become infi-
nite in height at about a 9-in. edge-to-edge gpacing, seven cylinders re-
quiring about aa 18-in. spacing. Wrapping the cylinders with cedmium in-
creaged the critical heights slightly for a given spacing. The critiecal

parameters of these arrays of cylinders are presented in Table 2,

traigot-Line Arrays. Experiments with cylinders arranged in a
stiraignt iine w2we also performed. The critical height of the solution in
weter~vefiected 6-in.~dia cylinders in this arrengement is plotied as a
Tunction of the nwiber of cylinders for various edge-to-edge spacings in
Fig. 6. It can be seen that the effect of adding more than three cylinders
was very suell for any edge-to-edge spacing. These curves also show that
for an edge-to-edge spacing of 12 in. or more the cylinders were esgentially
isolated froa each other. The experimental date for these tests are tabu-
lated in Table 3.

The critiecal sciuvtion height of O-in.-dia cylinders in line, both
water-reflected and unreflected; is plotited in Fig. 7. Only three different
edge~uo~-edge spacings were usad in order to indlcate trends. Two unre-
flected c¢ylinders were suberitical at any height with edge-to-24ge spacings

greater than 3 ir. Five cylinders with a 15-in. spacing could not be made
Cflui:ei, The velues of all the criticsl parameteras for these experiments
e given in Teble k.

Triasgular (Isosceles) Arrays. One set of experiments was performed
in whizh taree cylinders werve arranged so as to form an isosceles triangle.
The @eoeHGPAhe off the critic 91 colution height on the position of cane of the
base cylinders (J.e., the ra; ation of the eritical height with the vertex
angle, « , of Lhe tris ﬁbJe, was devermined., The critical sclution height of
a daterm’eimectea array of this type using 6-1n.—a$a cylicders is plotted in
Fig. 8 Tor two edge-to-edge spacings. For the 3~in. spacing and an angle; o,
of approximetely U5 deg (seec sketed on Fig. 8), the two base cylinders were
in contact. This accounts in part for the low critical height for that
angle., For angles between 90 and 130 deg the position of the movable
cylinder had little effect. The data for the experiments with the 6-in.-dia
cylinders are given in Table 5.
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Table 3, Critical Parameters of an Enriched U235 Solution
Contained in 6-in.-die Aluminum Cylinders
in a Straight-Line Array

Solution Concentration: 0.3473 g of U per g of solution;
0.5376 g of U235 per cc of solution;
H:U235 atomic ratio = Wh.3
Specific Gravity: 1.661

No. of Edge-to-Bdge Critical Height (in.) Critical Volume (liters) Critical Mass (kg of U23Y)

Cylinders Spacing Water- Water- Water
in Line {in.) Reflected Unreflected Reflected Unreflected Reflected Unreflected
2 0.15 9.7 - 8.9 - 4.8 -
3 0.15 8.1 a 11.3% 6.1
b 0.15 7.8 a 1.y 7.7
6 0.15 Tob a 20.6 11.1
2 3.0 16.3 15.0 8.1
3 3.0 1h.2 19.7 10.6
) 3.0 13.7 25.2 13.6
5 3.0 15.4 30.9 16.6
6 3.0 13.2 36.6 19.7
2 6.0 24 .9 23.0 12.4
3 6.0 23.5 2.4 17.4%
4 6.0 23.0 k2.5 22.9
6 6.0 22.6 62,7 33.7
2 3.0 28.2 26.1 k.0
3 9.0 27.8 38.6 20.8
5 9.0 27.k 63.6 34,1
3 12.0 28.8 40.0 21.5

a. These vessels were filled to a height of at least 35 in. and the extrapolation of
the reciprocal source-neutron multiplication curve indicates that they could not
be made critical at any height.
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Table 4. Critical Parameters of an Enriched U235 Scolution
Contained in 8-in.-dia Aluminum Cylinders
in & Straight-Line Array

Solution Concentration: O 5&73 g of U Der g of solution;

ggo g of UR35 per cc of solution;
> atomic ratio = Lh.3

Specific Gravity: 1.661

No. of Edge-to-Edge Critical Height (in.) Critical Volume (liters) Critical Mass (kg of U237)
Cylinders Spacing Water- Water- Water-
in Line (in.) Reflected Unreflected Reflected Unreflected  Reflected Unreflected
2 0.15 6.9 26.9 11.3 bk 6.1 23.9
2 3.0 8.3 a 1%.8 - 7.4 -
3 0.15 6.3 18.0 15.6 L .6 8.4 2h.0
3 3.0 8.2 49 £ 4°  20.4 121 # 10 11.0 65 £ 5
I 0.15 6.2 16.5 20.3 54%.6 10.9 29.3%
i 3.0 8.0 38 + 2 26 .4 125 = 7 4.2 68 + &
5 0.15 6.1 15.8 25,1 65.3 13.5 35.1
5 3.0 8.0 31 % 1 32.8 128 = 4 17.6 69 t 2
> 15.0 - a - -

a. These two (five) vessels were filled to & height of at least 49 in. (24 in.) and

b.

extrapolation of the reciprocal multiplication curve indicates that they could not
be made critiecal at any height.

This height was derived from an extrapolation of & reciprocal multiplication curve
from an experimental height of 40 in. and is purposely set low in order to not over
estimate the critical dimensions. It may be that this system cannot be made critical
at any height.
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Table 5. Critical Parameters of an Eanriched U235 Solution Contained in
Three Water-Reflected 6-in.-dia Aluminum Cylinders Arranged in a
Geometry Describing an Isosceleg Triangle

Solution Concentration: 0.3473 g of U ger g of solution;
0 52%6 g of U235 per cc of solution;
H:U%3% atomic ratio = 44.3
Specific Gravity: 1.661

Edge -to-Edge
> g Spacing Critical Height Critical Volume Critical Mass
(deg)® (in.) (in.) (1iters) (kg of U23D)
60 0.15 7.0 9.7 5.2
90 0.15 7.7 10.6 5.7
120 0.15 8.0 11.1 6.0
180 0.15 8.1 11.3 6.1
39 3.0 9.2 12.8 6.9
60 3.0 12.3 17.0 9.1
90 3.0 4.1 19.5 10.5
120 3.0 1.2 19.6 10.6
180 3.0 k.2 19.7 10.6

a. See sketeh on Fig. 8 for definition of < .
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The critical solution height of an array of 8-in.-dia cylinders, both
water-reflected and unreflected, is .shown in Fig. 9. As would be expected,
the dependence of the angular position of the movable cylinder is much
greater for an unreflected array. The corresponding tabulated data for
these arrays arve presented in Table 6.

It has been stated sbove that the nominally weter-reflected arrays of
cylinders had no reflector above the level of the solution itself. The values
of the critical heights are, therefore, larger than those of completely re-
flected assemblies by a reflector-savings factor. Although no direct evalu-
ation of this was made in these experiments, there is informstion indicating
the reflector savings of water is about 3.5 m (1.% in.). The relative
critical heights in various configurations of interacting eylinders are not
strongly dependent upon this correction.

The vesgsel spacings reported in this section were measured between the
outsides of the cylinders. The separation of adjacent solution columns is,
therefore, greater by about 0.1 -in. of aluminum, the thickness of the
cylinder walls.
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Table 6. Critical Parameters of an Enriched U232 solution Contsined
in Three 8-in-dia Aluminum Cylinders Arranged in &
Geanmetry Describing an Isosceles Triangle

Sclution Concentration: O 3473 g of U er g of solution;
ggG g of U235 per cc of solution;
stomlc ratio = .3
Specific Gravity: 1.661

Bdge-to-Edge Critical Height (in.) Critical Volume (liters) Criticel Mass (kg of U235)

(éZ;)a Sp?$;n§ RegiZii;d Unreflected Rgﬁiiiéed Unreflected RegiZii;d Unreflected
60 0.15 5.7 10.7 14.2 24,6 7.6 1.2
90 0.15 6.1 k.2 15.2 35.2 8.2 18.9
120 0.15 6.2 16.7 15.4 by k 8.3 22.%
180 0.15 6.3 18.0 15.6 4.6 8.4 24,0
5 3.0 6.6 6.4 16.4 %0.5 8.8 21.8
60 3.0 7.8 22.0 19.3 5h.5 10.4 29.3
90 3.0 8.0 28.1 19.8 69.6 10.7 374
120 3.0 8.0 3k 4 19.9 85.2 10.7 S-S5 5
180 3.0 8.2 49 + 4P 20.4 121 £ 10 11.0 65 + 5

s. See gsketch on Fig. 9 for definition of = .

b. This height was derived from an extrapolation of a reciprocal multiplication curve
from an experimental height of 40 in. and is purposely set low in order to not
overestimate the critical dimensgions. It may be that this system cennot be made
eritical at any height, a condition which would result in an asymptotic spprosch
of the curve in Fig. 9 to some @xéinaterequal to or less than 180 4an- ﬂ/ i/

(M{‘Q—’: £ ,CZ-‘Q- gfﬁ.//



TI. CRITICAL PARAMETERS OF ENRICHED UZ.? SOLUTTONS
IN VESSELS OF SIMPLE GEOMETRY

The study of the conditions under which enriched U235 solutions contained
in single aluminum and stainless gteel cylinders become critical™ has been
extended so that data are now available for aluminum cylinders with diameters
up to 30 in. Experiments were performed with uvnreflected cylinders and with
cylinderg that were either partially or totally water-reflected. The total
water reflector was effectively infinite. The critical parameters for solutions
in a few stainless steel cylinders and in aluminum containers that were square
or rectangular in cross section were also determined. In addition, an experi-
ment was performed in which the solution was contained in a 9-in.-dia aluminum
sphere. The chemical concentration of the UQoFs solutions uged in these experi-~
ments ranged from 331 to 829 g U255/L, corresponding to H:U232 atomic ratios of
4.6 and 27.1, respectively.

The results of these sexperiments are summarized in Table 7. The data have
been reported in preliminary form previously5 and it should be pointed cut that
some discrepancies can be observed smong the tabulations. Attempts have now
been made to incorporate in these data the most acceptasble values of the chemical
concentrations and the corrections to cbserved critical dimensions arising from
structural peculariities of the experimental eguipment. These latter modifi-
cations are largely the results of some recent experiments.

A plot of the critical height as a Punetion of the diamster of the tobal-
1y water-reflected alumimum cylinders containing s solution with an H:U235
ratio of 27.1 is shown in Fig. 10. Two peoints from the earlier experimentsh
are included to give a more complete picture. The corregponding curve for
unreflected cylinders containing & solution with an H:U235 atomic ratio of 4h4.3
is also shown.

The variation of the critical mass with the diameter of totally water-
reflected alumimmm cylinders containing a solution with an H:U23% atomie ratio
of 27.1 is shown in Fig. 11. Again two points are taken from the earlier
experiments.’ Thevre is an insufficient amount of data o obtain similar plots
for a%uminum eylinders containing solutions with stomic ratios of Th.6 and
.3, It is to be noted, however, that & 6-in.-dia water-reflected stainless
steel cylinder could not be made eritical with & sclubion having a ratio of
Th.6 while it became critical at a height of 118.4 cm with a solution having
a ratio of .3, :

The variation of the critiecal mass with the diameter of unreflected slumi=-
num cylinders containing solutions with H:U232 atomic ratios of 27.1, 4.3 and
7%.5 is shown in Fig. 12. The H:UZ32 ratio of 73.5 is an average of 12.3, T3.h4,
and 74.6, the concentrations actually used in the experiments, and the measured
masses were plotied without adjustment to this average concentration.

L. C. K. Beck et al., op. cit., K-343.

5. A. D. Callihan et al., ORNL-1926, p. 2 (Aug. 23, 1955) Ebeclaséifiédgv

ORNL-2081, p. 61 (Nov. 5, 1956) (Unclassified

* A gubsequent experiment showed that a 5u1/2nin.—dia aluminum cylinder

containing a solution with an H:U235 atomic ratio of bl .3 wag suberitical
at & solution height of 90 in. ‘ ‘ :

22
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Table 7. Critical Parameters of Enriched U235 Solutions

in Simple Geametbry

Solution Concentration

Critical Values

Solution Container and Size H:U?35 g of uRss Height Volume Mass
Atomic Batio per cc (cm) (1iters) (kg of U235)
Totally Water-Reflected
Alominum
6-in.~die cylinder 27.1 0.8288 89.3 16,25 13,47
6.5~in.-dia cylinder Ll .3 0.5376 38.7 8.28 L.hs
10-in.-dia cylinder 27.1 0.8288 12.k 6.3 5.2
15-in.-dia cylinder 27.1 0.8288 7.7 8.8 7.3
30-in.~-dia cylinder® 27,1 0.8288 5.0 £ 1 228 £ k.6 18,9t 3.8
.3 0.5376 4,8 £ 1 21.9 * 4,6 11.8 2.5
T2k 0.3423 5.5 % 1 25.1 + 4.6 8.6+ 1.6
20 x 20 in. squave in cross 27.1 0.5288 6.3+ 1 6.3+ 2.6 13.5 * 2.2
sectiorf 4.3 0.5376 k3% 1 11.1 £ 2.6 6.0 £ 1.k
724 0.3423 6.2 £ 1 16.0 £ 2.6 5.5 £ 0.9
9-in.-dia sphere L7.3 0.5061 6.32° 3,20
Stainless Steel
6-in.-dia cylinder Ly 3 0.5376 118.% 21.55 11.59
Th.6 0.351k o
Partially WatermReflectedd
Aluminum
6-in,-dia cylinder Lh.3 0.5376 75.0 13.65 7.34
7.5-in.-dia cylinder bh .3 0.5376 25.7 T.32 3.9%
8-in.~dia cylinder .3 0.5376 23.6 T7.67 h,12
T2.4 0.3423 23.3 T.57 2.59
10-in.~dia cylinder 72.4 0.3423 16.7 8.48 2.90
3.4 0.3370 16.8 8.53 2.87
15~in.~dia cylinder .6 0.3314 12.0 1%.7 b5
20-in.-dia cylinder T2.4 0.3423 10.6 21.5 7.3
30~in.-dis cylinder 2.4 0.3423 9.2 k2.0 140
30 x 60 in. in cross section®  57.0 0., 4240 8.4 97.9 k1.5
No Reflector
Aluminum
8.76~in,.-d1a cylinder .3 0.5376 219 85.2 h5.8
9.5-in.~dia cylinder .3 0.5376 Iy )y 20.3 10.9
10-in.-dia cylinder 27.1 0.8288 38.9 19.8 16.h
bk, 3 0.5376 35.1 17.8 9.6
3.4 0.3370 33.7 17.1 5.8
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Table 7. (continued)

No Reflector (continued)

Aluminum
12-in.~-dia cylinder W3 0.5376 23.2 16.9 9.1
15-in.=-dia cylinder 27.1 0.8288 18.5 21.1 17.5
k.3 0.5376 17.9 20.4 11.0
Th.6 0.331L 16.8 19.2 6.4
20-in.-dia cylinder 27.1 0.8288 15.8 32,0 26.5
Lh 3 0.5376 15.0 304 16.3
73.4 0.3370 15.2 30.8 10.4
30-in.-dia cylinder .3 0.5376 135.7 62.5 33.6
T72.4 0.3hk23% 13.9 + 0.5 63 + 2 21.6 + 0.7
20 x 20 in. square in cross
saction 27.1 0.8288 15 + 1 38 t 3 32 2
T2.% 0.3423 14.3 36.9 12.6
Stainless Steel
8.5-in.-dia cylinder 66.0 0.54000 f
9-in.-dia cylinder T™h.6 0.331L 59.0 2h.3 8.1

The sccuracy of the results of these critical volumes is unusually poor for the following
reasons: vessels of these dimensions were difficult to level in order to assure that the
lower surface of the liquid was horizontal and that the ligquid-level measuring device was
properly "zerced"; it wes difficult to simultaneocusly measure the position of the upper
liquid surface and properly locate the top reflector in contect with that surface; the
uncertainty in the effect on critical height of the thlck container bottom plate affected
significantly the measurements in glab-like volumes.

Sphere lacked 80 ce being full; the data extrapolate to a critical mass and concentration
of 3.09 kg of U235 and 0.483 g U235/cc (H:U235 = 49.9) in a full sphere of capacity 6.4 L.
Extrapolation of the reciprocal source neutron multiplicetion curve from 143.7 om indi-
cates that this cylinder will not be eritical at any height.

No top reflector.

All of the aluminum vessels except this one were coated internally with Heresite, & resin
containing no strong neutron abgorbing elements. This one was coated with Unichrome; &
polyvinyl plastic containing sbout 30% Cl by weight. This result may be too high by as
much as 5% becauge of the neutron absorption by the chlorine.

Extrapolation of the reciprocal multiplication curve from 20% cm indicstes that this
cylinder will not be critical at any height.
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Some of the above data are replotted in Fig. 13 which shows the critiecal
height of totally water-reflected cylinders as a function of the, H:U235 atomic
ratio of the solution with a few points from earlier experiments™ included for
completeness. From this plot it appears that the solution yielding the minimum
critical volume in water-reflected cylinders has & concentration expressed by an
H:U235 atomic ratio of about 45. Corresponding critical height and critical mass
date for unreflected cylinders are shown in Figs. 1k and 15, respectively. The
curves of Fig. 1b show the concentration yielding minimum critical volumes in
unreflected cylindrical geometry to have an H:U235 ratio in excess of 50.*

From these measurements of the critical parameters of aqueous solutions it
is possible to set rather narrow limits on the diameter of the gmallest unre-
flected cylinder which can be made critical with a solution of optimized concen-
tration. It is reported in Table 7 that a stainless steel cylinder 8.5 in. in
diameter can not be made critical. Since aluminum is a legs effective reflector
in these thicknesses, it can be said, a priori, that an 8.5-in.-dia aluminum
cylinder cannot be made critical. It is also reported that an 8.76-in.-dia,
219-cm~high aluminum ecylinder is critical with a solution at an H:U237 of hh.i.**
A stainless steel cylinder of this diameter would be eritical at an even lower
height. Therefore, the minimum critical unreflected cylinder diemeter for either
material is between 8.5 and 8.76 in.

The bottom of the aluminum vessels used in these experiments was fabricated
from 0.5-in,~thick plate and affected the results measurably. This plate served
as a partial reflector in a nominally unreflected system and decreased the ef-
fectiveness of the water in & reflected system. Estimates of these effects were
made in a geries of experiments with several cylinders and solution concentrations
in which eritical heights were measured as a function of the plate thickness with
and without the water reflector. From an extrapolation of these measurements a
+0.4 cm correction was determined for the unreflected cylinders and a -0.7 cm
correction for the reflected ones. It was also shown that these corrections were
relatively insensitive to cylinder diameters and to solution concentrations within
the ranges studied in these experiments. Typical results are shown in Table 8
and Fig. 16. These corrections have been applied to the data reported above.

Teble 8. Critical Heights of an Enriched u2so Solution
Containcd in a 30-in.-dia Aluminum Cylinder with
Various Bottom Plate Thicknesses

Critical Height (cm)

Plate Thickness Unreflected Water Reflected
(in.) (H:U%35 = 331)8 (H:U235 = 4).3)
0.5 15.9 5.5
1.0 15.5 5.9
1.5 15.2 -
1.75 - 6.1

a. These dats from a later group of experiments.
* Recent experiments have established a value of 66 * 3,
** A later experiment shows this height to be 158 cm at an H:U235 ratio of 66.
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IIT. CRITICAL PARAMETERS OF ENRICHED U235 SOLUTTONS
IN ANNULAR GEOMETRY

A Tew experiments have been performed to investigate the eritical
pavameters of Tissionable sclutions in vessels of snmular cylindrical geometry.
Vessels of several diameters were fabricated from type 25 aluminum tubing
(1/16~in.-thick walls) so that any two could be combined, thus allowing vari-
ations in the thickness of the anmulus. The annuli were filled with a solution
which had a concentration corresponding to an H:U235 atomic ratio of about T3.
Additional variations of the experimental conditions were effected by altering
the contents of the inner cylinders of the assemblies. The variations included:
(1) leaving the inner cylinder empty, (2) filling it with water, (3) lining it
with a sheet of cadmium 0.02 in. thick, and (1) both lining it with cadmium and
£illing it with water. Assemblies were tested with and without a water reflector
on the sides and bottom; no reflector was used above the solution.

The results of these experiments are summarized in Table 9. The approach
to infinity of the critical heights of solutions contained in annuli with outside
diameters of 8, 10, 15, and 20 in. is shown as a function of the inside diameters
in Fig. 17. These annuli were reflected with water except on the top and con-
tained water in the ingide cylinder., The critical mass of solutions contained
in annuli baving outside diameters of 10 in. is plotted in Fig. 18 as a function
of the inside diameters for various materials contained in the inner cylinders.
The contents of the inner cylinders were air, cadmium, and the cadmivm-water
combination. These annuli also had an effectively infinite water reflector
except on the top.

The bottom plates of the annular containers were 0.5-in.-thick aluminum
and introduced somewhalt of e perturbation since, as noted in the preceding
section, they served ss a partial reflector in the nominally unreflected experi-
ments and decreasing the effectiveness of the water in the others. Since no
account of these effects has been taken in reporting the data in Table 9, each
critieal height is, from Fig. 16, in error by about 0.5 cm - those of reflected
experiments being too high and those without rveflector being too low. Another
irregularity in these particular experiments is the abzznce of water above the
surface of the otherwise reflected annulil making, of course, the reported
critical heights too large by some reflector savings, about 5.5 cm for water,
Any comparison of these data with calculated dimensions must, therefore, recog-
nize this facltor and some uncertainty in it.



Table 9.

Bl

Critical Parameters of Enriched U235 solutions
in Cylindrical Annular Geometry

Solution Concentration:

H:U235 atomic ratio: 724 T3.4 ™.6
gof U ger g of solution: 0.2576 0.2553 0.2523
g of U235 per cc of sclution: 0.5423 0.3370 0.331}4
Specific Gravity: 1.425 1.6 1.k11
Outside Insgide
Diameter Diemeter H:U235 Critical Values
of Assembly of Assembly Contents of Atomic Height Volume Mass
(in.) (in.) Inside Cylinder Ratio (cm) (1iters) (kg of UB35)
Annulus Surrounded by Effectively Infinite Water Reflector (Bxcept Top)
8 0 - 724 2k,0 7.8 2.66
2 a0 72.4 27.1 8.3 2.83
4 " T72.4 50.0 12.2 h.18
10 0 - T3.4 17.5 8.9 3.00
z Hao 73.4 17.8 8.7 2.92
h ' h.6 23.8 10.1 3.36
6 " .6 6k.1 20.9 6.9%
2 Air 4.6 237 2% 10,2 3.57
L " Th.6 27.6 11.8 3.90
6 " 4.6 76.8 25.0 8.30
2 cd 4.6 20.4 10.0 3.30
i " ™.6 31.9 13.6 4,52
6 " .6 a - -
2 HyO + Cd .6 20.5 10.0 3.31
Iy " .6 45,4 19.h 6.%3
6 " .6 a - -
15 0 - T™.6 12.7 b 4%.79
2 H20 T™h.6 12.9 k. k .77
b " 2.4 13.9 1k.9 5.11
6 " 4.6 16.0 15.3 5.08
8 " 724 21.0 17.1 5.87
10 " 724 k1.6 26.3% 9.0L
2 Air Th.6 13,3 15.0 .95
6 B 4.6 17.5 16.8 5.56
20 0 - 724 11.3 22.9 7.8%
2 Hz0 T2.4 11k 22.8 7.79
6 " 72.4 12.6 25.3 7.96
10 o 72.h 164 2k.9 8.51
15 " T2.4 Wy ,3 39.3 13.h
No Reflector
10 0 - 3.4 33,3 16.9 5.70
2 Air Th.6 49, 2.2 8.01
4 Ho0 Th .6 3000 128 42
2 ca ™.6 70.0 3h,1 11.3
2 HzO + €4 4.6 138.2 67 .4 22.3
Ly " Th.6 a - -
15 o) - h.6 164 18.8 6.21
2 Air .6 17.6 19.7 6.52
6 " .6 29.9 28.7 3.50
2 HEO .6 17.0 19.1 6.33
6 Th.6 25.2 24.2 8.01
2 cd 4.6 18.0 20.2 6.69
6 " ™.6 33.2 31.9 10.6
2 HoO + Cd Th.6 18.2 20,k 6.76
6 M .6 54,3 52.1 17.%

a. These annuli would apparantly have been subcritical even at iuofinite height, &
conclusion based on an extrapolation of the reciprocal neutron multiplication from
a solution height of at least 120 cm.

b. Extrapolated fram an experimental height of 142.5 cm.
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1IV. CRITICAL PARAMETERS OF ENRICHED U235 SOLUTIONS IN CYLINDRICAL
60-deg "Y" and 90-deg "CROSS" GEOMETRY

A Tew experiments have been performed to investigate the critical
parameters of intersecting pipes. The three sizes of pipes investigated
were made of b=, 5-, amd 7.5-in.-dia type 28 aluminum tubing (1/16-in.-
thick walls) coated on the inside with a plastic. The two types of inter-
sections investigated were: (1) the intersection of one pipe by another at
a 60-deg angle to form a "Y,"” and (2) the intersection of two pipes at
90 deg to form a "cross." The four "arms" of the cross and three amms of
the Y were each at least 2L in. long, measured from the center of the
intersection. The sclutions used had concentrations corresponding to H:U235
atomic ratios of W4.3, T72.h, and 73.4. Experiwents were performed with an
effectively infinite water reflector on the sides and bottom of the test
vessel and also with no reflector.

In these experiments the cross or Y was positioned in a vertical plane
in a 9.5-ft-dia tank which could be filled with water, and the solution was
introduced through & 2-in.-dia pipe into the bottom, or end, of one of the
2-ft-long arms. The results of these experiments are presented in Table 10,
These data show that a solution with an H:U23D atomic ratio of Yh.3 vas
critical in a 5-in.-dia reflected cross when the solution was about 14.6 cm
above the intersection of the center lines, while it could not be made
critical in a completely filled 4-in.-dia reflected cross even with a concen-
tration approximately that required for a wminimum critical volume. On the
other hand, this same solution was not critical in an unreflected T.5-in.-
dia cross when the solution was as high as 66 cm sbove the intersection of
the center lineg, and it probably could not be made critical at any height.
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Table 10. Critical Parameters of Enriched U235 Solutions in Cylindrical
60-deg "Y" and 90-deg "Cross” Geometry

Solution Concentration:

H:U235 atomic ratio: . b3 72 .4 3.4
g of U per g of solution: 0.3473 0.2576 0.2553%
g of U253 per cc of solution: 0.5376 0.3423 0.3370
Specific Gravity: 1.661 1.h425 1.416
Diameter H:U255 Critical
of Cylinders Atomic Height
(in.) , Geometry Ratio (cm)®

Effectively Infinite Water Reflector Except at Top of Solution

) . Cross hh,B b

5 Cross hi 3 1.6
3.4 19.8

5 Y 73.h 39.6

No Reflector

5 Y (R b
> Cross 75 .0 b
7.5 Cross Ll ,5 ‘ i)

T2.h b

U o

. Above the intersection of the center lines.

. EBxtrapolation of the reciprocal source-neutron multiplication curve
from an observation taken at least %6 cm sbove the intersection of the
center lines indicates that this vessel will not be critical at any
height.



V. NEUTRON REFLECTOR PROPERTIES OF CERTAIN MATERIALS

A few critical experiments have been performed to determine the rela-
tive effect of certain neutron reflector materials on the critical parameters
of cylinders containing highly enriched uranium solutions. In particular,
the neutron reflector properties of furfural, concrete, graphite, and
firebrick have been compared with those of water. The experiments with the
last two materials were performed primarily to determine the relative effective-
ness as a reflector of graphite backed with firebrick, as may be used in certalin
uranium casting operations. Although these experiments were limited in scope
and serve more as a qualitative guide, they have proved useful in nuclear safetly
considerations. The results reported have not been corrected Tor vessel
structure, the absence of part of the reflector, etc., since they are intended
to show only relative effects of varicus arrangements of materials.

Experiments with Furfural

The comparison of the relative effectiveness of Turfural and water as
reflectors was made by determining the critical parameters of an enriched
uranium solution contained in a 10-in.-dia aluminum cylinder which was succes-
sively reflected by the two materials. The solution had a U235 concentration
of 0.3370 g/cec, corresponding to an H:U230 atomic ratio of 73.4. The critical
height of the solution was measured as the thickness of the furfural or the
wvater on the sides of the cylinder was varied stepwise by using up to four
concentric aluminum annular "cans" as containers for the reflector on the
lateral surface of the solution container. These cans had 1/16-in.-thick walls
and were 0.88 in. wide, inside, so the addition of each around the solution
added a reflector increment consisting of 0.12 in. aluminuwm and 0.88 in. of
ligquid.

The critical parameters of the furfural-reflected solution, as well as
those of the unreflected and the water~refleclted solutiong, are summarized in
Table 11 where the reflector thickness is expressed as the amount of liquid
present in each case. A plot of the critical height as a funcition of the
reflector thickness (Fig. 19) shows that water, which has a hydrogen density
2.4 times that of furfural (CMH5OCHO); is more effective ags a reflector then
furfural up to a thickness of approximately 3.5 in. At greater thicknesses
the two materials are essentially alike.

Experiments with Concrete

The effectiveness of concrete as a neutron reflector was measured by
determining the critical mass of an enriched uranium solution conbained in a
9-in.-dia stainless steel cylinder as a funcltion of the distance from the
cylinder to a % x 4 x 1/2 £t thick concrele wall. The solution had a yes5
concentration of 0.331h g/cc, corregponding to an H:U235 atemic ratio of
T4.6. The concrete wall consisted of blocks of shielding concrete having a
density of 2.14 g/cc. For one gpecial experiment a 12-in.~thick concrete wall
was placed adjacent to the cylinder and for another the 6-in.-thick wall,
placed adjacent to the cylinder, was Flooded with water.
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Table 11. Critical Parameters of an Enriched U2 Solution

Contained in a

10-in.-dia Aluminum Cylinder Reflected

on the Side by Water or Furfural

Solution Concentration:

0.3370 g of u235 per cc of solution;
H:U232 atomic ratio = T3.4

Reflector Critical Values®
Thickness Height Volume Mags
(in.) (em) (1iters) (xg of UZ3?)
No Reflector
_ 3h.2 17.h 5.85
Reflected with Water
0.88 24,7 12.6 .23
1.75 21.h 10.9 3.66
2.63 20.3 10.5 3.7
3.50 20.0 10.1 3.h2
Reflected with Furfural
0.88 26.0 13.2 L.h6
1.75 22.7 11.5 3.88
2.63 21.0 10.7 3.60
3.50 20.1 10,2 3.0

a. No corrections for vesse

1l structure, ete. have been made to the observed

data since the purpose of the experiment was s comparison of reflector

materials.
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Fig.19. Critical Height as a Function of the Thickness of a Water
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The results of all the experiments are summarized in Table 12. A plot
of the resulis (Fig. 20) shows that little interaction occurred after the
edge-to-edge separation distance was increased to avbout 24 in. Doubling the
concrete wall thickness (i.e., from 6 to 12 in.) increased the critical mass
by about 2.5% when the wall was adjacent to the reactor. A comparison of the
critical height of the water-reflected cylinder without the concrete wall with
that of the water-reflected cylinder with the 6-in.-thick concrete wall immersed
in the water adjacent to the reactor indicales that there is no significant
difference between concrete and water as a neutron reflector under these con-
ditions.

Experiments with Carbon and Firebrick

The variation of the critical mass of an enriched uranium solution. with
the type and thickness of a reflector material placed against the bottom of a
20-in.-~dia aluminum cylinder containing the solution was investigated. The
solution had a U235 concentration of 0.8288 g/cc, corresponding to an H:U235
atomic ratio of 27.1. The reflectors consisted of carbon and/or Tirebrick
and/or water in various laminated arrangements.

In one series of experiments, carbon (ranging in thickness from 0.5 to
5.5 in.) was placed against the bottom of the cylinder and was backed by
0.5- to 5.5-in. thicknesses of firebrick. The critical parameters determined
in this series are listed in Table 313. The variation of the critical mass .
with the firebrick thickness for three different thicknesses of carbon between
the cylinder and the firebrick is shown in Fig. 21, and the variation of -
critical mass with the thickness of carbon (no firebrick) adjacent to the
bottom of the cylinder is shown in Fig. 22.

In another series of experiments this same general procedure was re-
peated for firebrick backed with water, Tor carbon backed with water, and for
water backed with carbon. In each case the carbon and firebrick were submerged
in water. In addition, an experiment was performed with carbon backed with
both firebrick and water. (This particular experiment was designed to obtain
some idez of the effect on the critical mass of the charge in a casting furnace
consisting of graphite backed with firebrick vhich may have become saturated
with water from a broken line.) Experiments were also performed with wet
firebrick only and water only against the bottom of the cylinder. A plot
showing the variation of the critical mass with the thickness of a water re-
fTlector between the reactor and a constant thickness of carbon (5.5 in.) which
is moved back stepwise is shown in Fig. 23% It can be seen that, up to about
0.5 in., replacing carbon with water decreases the critical mass, since water
is a better moderator. After about 0.5 in., however, the greater absorption
of waler morethan compensates for the increased moderation, and the critical
mass rises again. .

* The dashed portion of the curve is a somewhat arbitrary extrapolation

of the data.
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Toble 12. Critical Parameters of an Enriched U‘55 Solution
Contained in a 9-in.-dia Stainless Steel Cylinder
Reflected by a Concrete Slab

Concrete Density: 2.14% g/cc
Solution Concentration: O 2523 g of U per g of solution;
214 g of U235 per cc of solution;
> atomic ratio = Th.6

Specific Gravity: l.hll

Critical Valueg

Distance Between Conerete
Concrete and Cylinder  Thickness Height Volume Mess
(in.) (in.) (cm) (Liters) (kg of U235)
® - 59.0 2h.3 8.05
0.0 6 41.3 17.0 5.64
6.0 6 52.3 21.6 7.1k
12.0 6 56.5 23.3 T.71
18.0 6 58.0 23.9 7.92
24.0 6 58.5 2h.1 7.99
0.0 12 k0.3 16.6 5.50

Reflected with Water®

0.0 6 20.6 8.47 2.81
o - 20.7 8.53 2.83

a. In these experiments there was no reflector on top of the cylinder of
solution.
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Table 13. Critical Parameters of Enriched yess Solutions
Contained in a 20-in.-dia Aluminum Cylinder Reflected
on the Bottom with Carbon Backed with Firebrick

Solution Concentration: O.4416 g of U ger g of solution;
0.8288 g of U235 per cc of solution;

H:U235 atomic ratio = 27.1

Specific Gravity: 2.013

Critical Values

Reflector Thickness (in.) Height Volume Moss_

Carbon Firebrick (em) (1iters) (kg of U23D)
0 0 15.h 1.3 25.9
0 0.5 15.2 %30.8 25.5
0 2.0 15.0 30.3 5.1
0 5.5 ' 1.6 29.6 2h.5
0.5 0 1h.8 29.9 24.8
0.5 2.0 1,k 20.1 2Lh.1
0.5 5.5 .1 28.5 23.6
1.0 0 4.3 28.9 25.9
1.0 2.0 1%.9 28.2 23.3

- 1.0 5.0 13.8 28.0 23,2
2.0 0] 15.4 27.2 22.5
3.5 O 12.7 a25.7 21.3%
5.5 0 12.% 24.9 20.6

&. Second order corrections for vessel structure have not been made to these
regults since the purpose of the experiment was to compare reflector materials.
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Table 1k, Critical Parameters of Enviched U2J° Solutions
Contained in a 20-in.-dia Aluminum Cylinder Reflected
on the Bottom by Firebrick and/or Carbon and/or Water

Solution Concentration: 0.4416 g of U per g of solution;
0.8288 g of UB%S per cc of solution;
H:U235 atomic ratio = 27.1
Specific Gravity: 2.013

Reflector Thickness (in.) Critical Values®
Height Volume Mass
Firebrick Carbon Water | (cm) (liters) (kg of U23D)

Firebrick Backed with Water

1 0 6 12.3 25.0 20.7
2 0 6 12.h 25.1 20.8

Wel Firebrick Only®

2 0 0 13.4 27.2 22.6

Water Only

0 0 6 12.1 2h.5 20.3%

Carbon Backed with FPirebrick Backed with Water

1 1 6 11.8 24.0 19.9

Carbon Backed with Water

o) 3 6 11.3 22.9 19.0
0 5.5 6 10.9 22.1 18.3
Water Backed with Carbon
o] 5.5 0 10.9 22.1 18.3
0 5.5 0.25 10.8 2L.9 18.2
0 5.5 0.5 10.7 21.7 18.0
0 5.5 0.75 10.9 22.1 18.3
o 5.5 1.0 11.0 22.3 _ 18.5-

a. Second order corrections for vessel structure have not been made to these
results since the purpose of the experiment was to compare reflector materials.
b. Only case in which the entire reflector was not submerged in water.
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