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ABSTRACT

Neutron multiplication measurements were made on two
types of enriched uranium systems containing boron as a
nuclear poison. They are:

(1) A 36-in., diameter partially tamped tank containing .
spaced vertical boron-stainless stecl plates.

(2) Tamped and untamped assemblies of U02(N03)2 salts at
low hydrogen moderation containing Pyrex Raschig rings.

Attempts were made to calculate sphere masses and igfinite

cylinder and slab shapes from the experimental data. This

work represents an extension 0f work reported in RFP—ZOI.(I)
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1. INTRODUCTION

Neutron multiplication measurements were made on par-
tially reflected 36-in. diameter cylinders containing
vertically spaced boron-steel plates. Several plate spacings
and solution concentrations were examined.

In addition, work reported in RFP-201 on Pyrex Raschig
rings as a nuclear poison was extended in this compilation to
systems of low H:U235 atomic ratios. Parallelepiped
assemblies bare and reflected with 8 in., of concrete were

examined., The H:U235 ratios ranged from approximately 8 to 14.

2. EXPERIMENTAL MATERIALS

The measuring equipment used in these experiments
included scalers, Atomic Model 1050-A, coupled to G.E. Blo—
lined counters and LiI(Eu) scintillators.

2.1 Materials (for vertical boron-steel plate experiment)

2.1.1 Vessel

Stainless steel tank having 3/16-in. wall thickness
and ID of 35-5/8 in.

2.1.2 DPlates

Stainless steel - thickness 0.138 in. Boron

content 1.02 .w/o* (Rocky Flats value),

*Plates and tank supplied by Phillips Petroleum Company, Idaho
Falls, Idaho. Phillips' boron analysis was 1.196 Yo boron.



2.1.3 Fuel

Aqueous solutions of UOZ(NO3)2 enrichment ~90%

Uranium Boron Cadmium
in Solution Excess HNOS Impurity Impurity
(g/1) Normality (ppm) (ppm)
106 0.25 ~6 ~100
237 0.31 ~6 ~100
322 0.21 ~6 ~100

2.2 Materials

2.2.1 Fuel

Aqueous solutions of U02(N03)2 enriched to ~90%
Approximate formula UOZ(NO3)2-4H20

Salt density 2.998 g/cm3

Uranium concentration 0.52 g per gram of salt
Excess HNO3 <0.1 normal

2.2.,2 Raschig Rings

1.5 in, OD x 1.18 in. ID x 1.75 in. long
Glass density ~2.29 g/cm3
Boron content ~19‘?o 3203 in the glass

2.2.3 Aluminum Mold

11.25 x 11.25 x 1.875 in. inside dimensions
Aluminum density ~2.7 g/cm3
Aluminum thickness ~0.0598 in.

2.2.4 Moderator

Plexiglas - C5H802

Density ~1.2 g/cm>

2.2.5 Reflector

Concrete block density 2.2 g/cm3



3. RESULTS

Figure 1 is a schematic of the boron-stainless steel
plate experiment. Figure 2 illustrates the parallelepiped
arrays. A typical salt block of the array is also shown.

The H:U ratios of the latter were calculated on the
basis that the Plexiglas and fuel blocks are homogeneously

mixed. 2

J
The constant buckling equation B2 = o + L 5
(H + 2%)

2
(R + B)
was used to convert the experimental dimensions of the bare

2

assemblies to those of spheres, infinite cylinders, and
infinite slabs. The extrapolation length & used was 2.75 cm,

The constant buckling equation was also used to convert
the tamped parallelepiped assemblies to spheres. The extrapo-
lation length used was 6.0 cm. The spheres in turn were
converted to infinite cylinders and infinite slabs by the
method given in LA-399.(2)

Since error can be introduced by these techniques, the
sphere, cylinder, and slab values should be used conserva-
tively.

Tables I through VI contain the experimental data and
shape conversions derived from the experimental geometric

parameters.

(2) E. Greuling, et. al., "Theory of Water Tamped Water
Boiler'", USAEC Report LA-399, September 27, 1945.



Figures 3 through 8 are examples of the 1/M extrapolations
of the boron-stainless steel plate experiment. Similar curves
could be presented for the block assemblies,

In Figure 9, an attempt was made to evaluate the
effectiveness of the Pyrex Raschig rings as a function of the
H:U atomic ratio. In the method used, the following ratios
were plotted as functions of the H:U atomic ratio.

Me - M

—r x 100

% Glass Volume

Where:

Me = The bare or reflected experimental critical mass
of a salt assembly containing the Raschig rings
(normalized to spherical shapes).

M = The bare or reflected spherical critical mass for

enriched uranium in water,
The method thus described in evaluating the boron
effectiveness should, in ﬁrinciple, be conservative for the
following reason., M is arrived at, in Figure 9, by normal-

izing the U-H,O sphere masses to the lower densities of the

2
experimental core by the correction (pl/pz)z. This is shown
by Curve A in Figure 9. In Curve B, the uranium density has
not been normalized to the experimental densities,

It can be seen that this method for arriving at M does

not take into account the scattering cross sections of the

(3) H. C. Paxton, "Correlations of Experimental and Theoretical
Critical Data', USAEC Report LAMS-2537, May 15, 1961.



glass, aluminum, and the salt molecule, which fill the void
spaces in the experimental assemblies. Even though these
materials are poor moderators, they will reduce the values

of M and consequently increase the effectiveness ratio.
Several 16-group diffusion calculations have been made on

the experimental assembly materials minus the boron to arrive
at values of M. The end result is that the effectiveness
ratios were almost twice as large as those given in Figure 9.

Two obvious observations can be made from the data
compilation. The first is that the effectiveness of the
Pyrex Raschig rings greatly increases with the H:U atomic
ratio. The second is that the effectiveness of the boron is
strongly influenced by the cell size.

The information given in this compilation should be used
conservatively when applied to plant operations,

The authors estimate the experimental error at }10%. No
estimate is given for the error expécted in uranium-water
curves given in LAMS-2537, from which the values of M were
derived.

Figures 10, 11, and 12 are bare infinite cylinder slab
and sphere dimensions as functions df the H:U atomic ratios.

These parameters were arrived at in the following manner:
The values taken from Table IV were reduced directly by the
ratios Do(gg) and To(gg). This correction assumed that air
and aluminum in the arrays were void volume. The salt density
used in these calculations was determined by experiment to be

2.998 g salt/cc.



TABLE I

Vertical Boron-Stainless Steel Plates

gZigizm Unpoisoned
in Corz Experimental | Critical Plate Slab Bottom | Unpoisoned
Experiment 3 Mass Mass Separation Thickness Annulus
Number (g/cm”) (kg) (kg) (in.) (in.) (in.)
1 0.287 69.5 82.2 1.0 0.875 1.0
2 0.211 106.2 ) 1.0 0.875 1.0
3 0.211 108.1 [o4] 1.0 1,875 1.0
4 0.219 32.2 40.1 1.5 0.875 1.19
S 0.098 31.4 [+)) 1.5 0.875 1.19
6 0.100 17.7 20.6 2.125 0.875 1.0




TABLE I1I

Vertical Boron-Stainless Steel Plates

Sphere

Sphere

Cylinder| Slab [(Me—MO)/Mo] x 100%* [(Me—Ml)/Ml] x 100%*
Experiment| Mass |Radius| Radius |Thickness
Number (kg) (cm) (cm) (cm) % Steel Vol % Steel Vol
1 56.9| 36.2 27.1 33.6 92.0 119.1
2 ~196 | ~60.,5 | ~45.7 ~538 ~402.8 ~508.8
4 22.0 v28.9 21.5 26.4 \ 61.5 72,2
5 ~91 |~60.5 | ~45.7 ~58 ~545.4 ~633.7
6 5.3] 23.3 17.2 20.8 27.8 32.6
* Me = Mass in experiment,
Mo = Mass in U02F2 (LAMS-2537) with density correction to experimental densities,
M1 = Mass in U02F2 (LAMS-2537) without density correction to experimental densities,

[(Me-Mo)/Mo] x 100 = Percentage mass increase per percentage steel volume,

% Steel Vol




ot

TABLE III

Unreflected Parallelepipeds Containing Pyrex Raschig Rings
Uranium
?ﬁnzgiz H:U Mass in Critical Glass Critical Dimensions
Experiment 3 Atomic | Experiment Mass Volume of Array
- Number (g/cm”) | Ratio (kg) (kg) Fraction (in.)
1 1.044 8.01 46,1 0 0.188 11.33 x 11.33 x o
2 1.032 8.01 328.7 402 0.168 34 X 34 x 20,58
3 1.030 8.01 291.4 565 0.188 22,67 x 22,67 x 65.1
4 0.893 11.37 246.,5 324 0.183 34 x 34 x 19.42
5 0.885 11.58 214.5 250 0.161 22,67 x 22,67 x 33.53
6 0.301 14.55 149.2 162 0.143 22.67 x 22,67 x 21.16
T* 0.296 ~67.7 167.4 ") 0.178 42 (diameter) x o

*Reported in RFP-201.




TABLE 1V

Unreflected Assemblies

1T

Sphere |Sphere|Cylinder| Slab [(Me—Mo)/Mo] x 100% [(Me—Ml)/Ml] x 100%
Experiment| Mass |[Radius| Radius |Thickness
Number (kg) (cm) (cm) (cm) % Glass Vol % Glass Vol

2 285.2 | 40.4 | 30.3 37.7 1.76 31.7

3 284,6 40.4 30.3 37.7 1.72 31.5

4 219.4 38.9 29.1 36.1 4,97 37.8

5 191.7 | 37.3 27.9 34.5 3.97 33.6

6 135.2 | 34.3 25.6 31.5 5.03 33.2

7 422.5 | 69.8 53.3 67.5 403.6 521.8
* M = Uranium mass in experiments,

=
]

Uranium mass in U-HZO mixture corrected to experimental densities. (LAMS-2537)

M1 = Uranium mass in U—H20 mixture. (LAMS-2537)

[(Me-Mo)/Mo] x 100 = Percentage mass increase per percentage glass volume,
% Glass Vol




TABLE V

Concrete Reflected Parailelepipeds Containing Pyrex Raschig Rings

el

Uranium
22“2;:2 H:U Mass in | Critical | Glass Critical
Experiment 3 Atomic | Experiment Mass Volume Core Dimensions
Number (g/cm”) | Ratio (kg) (kg) Fraction (in.)
8 _' 1.058 8.01 138.5 157.3 0.188 22.67 x 22.67 x 17.67
"9 : 1,056 8.01 108.3 0 0.138 11.33 x 11.33 x
10 1,045 8.01 194.4 © 0.188 11.33 x 22.67 X ®
11 1.043 8.01 184.5 232.5 0.188 34 x 34 x 11.76
12 0.934 11.14 95.0 123.5 0.164 22.67 x 22.67 x 15.71
13 0.910 11.49 - 117.0 133.5 0.161 11.33 x 22.67 x 34.77




€1

TABLE VI

vConcrete Reflected Assemblies

Sphere|Sphere|Cylinder| Slab [(Me—Mo)/Mo] x 100%* [(Me—Ml)/Ml] x 100%*
Experiment| Mass |Radius| Radius |Thickness
Number (kg) (cm) (cm) (cm) % Glass Vol % Glass Vol
8 134.5 [31.19 20.1 20.9 13.7 45.6

11 116.4 [29.87 19.4 20.0 10.9 38.3

12 102.7 [29.72 19.3 19.8 19.0 50.9

13 76.7 |27.20 17.7 18.0 13.6 38.9

* Me = Mass in experiment.

Mo = Mass in U02F2 (LAMS-2537) with density correction to experimental densities.
M1 = Mass in U02F2 (LAMS-2537) without density correction to experimental densities.

[(Me-Mo)/Mo] x 100 = Percentage mass increase per percentage glass volume,

9 Glass Vol
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FIGURE 2
SCHEMATIC OF EXPERIMENTAL BLOCK ASSEMBLY
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