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TABLE III

CHARAcCTERISTICS OF THE NMSR CRITICAL
ASSEMBLY

Fuel material UO; fuel rods (swaged)

Fuel density 9.45 g/em?

Fuel enrichment 4.09%, (by weight)
Diameter of oxide 0.444 in.
Cladding material 304 stainless steel
Outside diameter of cladding  0.500 in.
Thickness of cladding 0.028 in.

Fuel length 66.7 in.
Moderator Light water

Fuel pitch (square) 0.663 in.

A comparison of similar samples measured in the two
reactors shows good agreement for the i-em thick samples,
but for thicker samples, the Maritime reactor shows larger
reactivity changes. Since most of the samples are thermally
black (see Table II for values of Z, times thickness), the
larger reactivity effect in the NMSR reactor is most prob-
ably due to a larger fraction of epithermal absorptions.
This would imply a harder spectrum for the NMSR reactor.

Table I1 shows reactivity data measured with samples
other than rare earths in comparison with the rare earth
samples. Reactivity of these samples is expressed.in cents
as obtained directly from the reactor periods.

Table III lists some of the characteristics of the NMSR

Critical Assembly.
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Comparison of Measurements with a Monte
Carlo Calculated Spatial Distribution of
Resonance Neutron Capture in a
Uranium Rod

A recent article in this Journal (/) presented a com-
parison of measured and Monte Carlo calculated spatial
distributions of resonance neutron capture across a gold
rod. This letter reports a similar comparison for the case
of U238 resonance neutron capture in a 0.387-in. diameter
uranium metal rod in a hexagonal light-water moderated
lattice with rod eenter-to-center spacing of 0.567 in.

A Monte Carlo digital program (2) was used to calculate
the histories of 30,000 neutrons from 10 kev to 3 ev. The
initial source was chosen by assuming a spatially flat,
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TABLE I
NEUTRON CAPTURES®

AE (ev) Outer region Inner region
3.0-8.44 0.02272 0.06023
8.44-15.6 0.00055 0.00485
15.6-28.9 0.01062 0.03179
28.9-51.6 0.00840 0.03002
51.6-73.7 0.00317 0.01160
73.7-85.6 0.00109 0.00439
85.6-96.5 0.00013 0.00111
96.5-110.0 0.00247 0.00888
110.0-131.5 0.00184 0.00511
131.5-156.0 0.00037 0.00195
156.0-178.5 0.00057 0.00260
178.5-201.0 0.00111 0.00500
201.0-381.5 0.00337 0.01348
381.5-539.0 0.00141 0.00760
539.0-2000 0.00561 0.02937
2000-10000 0.00316 0.02293
Total/region 0.06659 0:24091
Inner region 0.24091
Outer region 0.06659
Total capture 0.30750

@ Normalized to one neutron entering at 10 kev.

isotropic, 1/E flux in the cell at energies above 10 kev.
Doppler broadened resonance cross sections of 27 resolved
resonances were used over the energy range from 3 ev to
531 ev. Scattering was taken to be isotropic in the center-
of-mass system, and interference between resonance and
potential scattering was accounted for. Above 531 ev, the
resonances were treated statistically, using a Porter-
Thomas distribution of reduced neutron widths. The re-
sonances were assumed to be evenly spaced with a sepa-
ration of 16 ev and to have a constant I'y of 0.024 ev. The
cross-sectional area of the uranium rod was divided in the
calculations into two main regions with outer radii of
0.1835 in. and 0.1935 in., respectively. Each of these two
regions was subdivided into 10 equal area rings. The fol-
lowing calculational results were obtained:

1. Fraction of neutrons started at 10 kev which are
captured in the uranium rod above 3 ev.

2. Fraction of total capture in each of the twenty rings
across the uranium rod.

3. Fraction of total capture in each of 16 energy intervals
for each of the two main regions.

From the Monte Carlo calculations, a resonance escape
probability (P) of 0.693 was obtained, which gave an effec-
tive resonance integral of 10.65 barns. To obtain the com-
plete resonance integral above 0.5 ev, 1.3 barns (3, 4) is
added to account for p wave capture up to 30 kev and s
wave capture from 10 to 30 kev. Also, 0.8 barns is added for
all capture above 30 kev. There is 0.7 barn of 1/» capture
between 0.5 ev and 3 ev; most of the remaining 0.5 barn of
1/v capture is accounted for by the Monte Carlo calculation.
Therefore, 0.8 barns is added to account for 1/v capture.
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This value is not in error by more than 0.2 barn. In addi-
tion, 1.2 barns is added to account for capture due to the
high energy flux peak (in excess of 1/E) in our hydrogen
moderated reactor. Thus a total of 4.1 barns should be
added as unshielded capture to the Monte Carlo results.
The actual best fit to the experimental data was found by
adding 3.8 &+ 0.5 barns to the Monte Carlo results, which is
not in disagreement with the expected value of 4.1 barns.
Table I lists the calculated capture fractions as a function
of energy for each of the two main regions.

The spatial distribution of U2 resonance neutron
capture was measured by stacking 0.001-in. uranium foils
depleted to 190 ppm U2, in a hole drilled across the di-
ameter of the uranium rod (5). The distribution was carried
to the surface of the rod by means of 1 mg/cm? deposits
of U3Os on 0.001-in. aluminum foils placed at the rod center
and against the rod surface. The foil assembly was en-
capsulated in 0.020 inches of cadmium. The deposits and
foils were v counted on a Nal scintillation spectrometer.

An uncertainty of about 19 is assigned to each measured
point of the spatial distribution.

Figures 1 and 2 show the comparison of the adjusted
Monte Carlo calculation with the measured spatial dis-
tribution. Figure 1 is an integral plot showing the fraction
of total capture within a radius r.

Figure 2 is a differential plot showing the measured
spatial distribution of resonance neutron capture per U238
atom and the Monte Carlo results with 3.8 barns of
unshielded capture added. The two curves have been normal-
ized to 1.0 at the center of the rod. It should be noted that
near the surface of the rod where the capture is changing
rapidly with radius, the Monte Carlo calculation follows
the experimental curves quite well.

The results presented indicate that the code used is
quite capable of giving a detailed prediction of the spatial
distribution of resonance neutron capture across the di-
ameter of a uranium rod. In addition, it is significant to note
that the agreement between experiment and calculation
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gives added justification to the treatment of the higher
energy resonances.
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Some Series Occurring in the Theory of the
Square Lattice Cell

Cohen (1), Newmarch (2), and other authors have calcu-
lated the flux and thermal utilization in a square lattice
cell: this work is of continuing interest because of its close



