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Measurement of Absorbtion Cross Sections
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ABSTRACT

The flux averaged microscopic cross sections in element Ll
were measured as follows:

Element Experimental Literature
Tead .86 b e
iron 11.8 ¥ 2.62 b
tantalum 55 b 21 b
cadmium L39 b 2450 b
tin L.96 b 1.25 b



PURPOSE:

The objective of this experiment is the measurement of
thermal absorbtion cross sections of several elements, namely
lead, iron, tentalum, cadmium, and tin by relating reactivity
changes to that caused by the introduction of an absorber with
a known cross section.

THEORY:

As mentioned previously, one purpose of measuring the boron
coefficient of reactivity is that unknown cross sections can
be related to it. Since we know the cross section of Boron, if
the reactivity change is produced only through absorbtion, the
reactivity change introduced by any other element gives its ab-
sorbtion cross section, other things being equal. Of course, all
things are not equal and must be accounted for. Remembering the
large void coefficient of reactivity in the center element, this

must be compensated: V/////

(gnet = (Omeasured - (void coefficient) x (absorber volume).

(The void introduced in measuring the boron coefficient was
negligible)
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where 6;3, CosS are the absorbtion cross sections of Boron and
the sample, respectively. Or

where Az, As are the atomic weights of the Boron and the sample
and Mg, Mg are the absolute masses of Boron and the sample, re-
spectively.

For this method to be useful, the samples should be 1/v
absorbers free irom resonances. Samples are placed in element
Ll, the thermal column, where essentially all neutrons have
slowed down below the resonance region. Thus thermal absorbtion
cross sections can be measured provided there are no thermal
resonances.

In this experiment the cross section measured is actually
the flux averaged cross section .
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Assuming that the flux is monoenergetic in the thermal column, |
&= 0a(0.025ev) = the thermal absorbtion X-section. In other V
lattice positions the measured cross section is not the thermal
cross section, but is weighted by the flux at that position.

PROCEDURE:

The reactor was brought critical on one calibrated control
rod with the three rod bank raised to 22 inches. After a ref=-
erence critical position was established, samples were placed at
the 10" mark in the center of element LL, and the reactivity
changes noted. After the last run the reference was checked.









DISCUSSION:

When an absorber is placed in the core, the thermal util-
ization decreases. The non-leakage probabilities change if the
scattering properties of the absorber are different from the
moderator which was displaced. If the material is a resonance
absorber, the resonance escape probability decreases. If it /
is fissionable, the fast fission factor increases and if it is
also fissile, eta increases. These effects are minimized by v
placing the absorber in an area of low neutron importance.

In this experiment any material with a known 1/v cross-
section fres/ﬁrG; low energy resonances coula have served as
a standard.“ Cross sections could have also veen measured direct-
ly by constructing a beam port into the thermal column and meas=-
uring the flux with and without a thin sample present. If the
detector areas are much larger than the sample area, scattering
can be accounted for and the absorbtion cross section extracted.

There was disagreement between the experimental results
and the published 2200 m/sec absorbtion cross sections. In com=-
paring these results, consideration of the experimental method
is important. The microscopic cross section is defined on the
basis of the interaction rate cf a collimated beam of neutrons
with a thin sample. The cross sections were measured aiffer-
ently in this experiment and some of these differences affect
the results. First, not all samples were thin and the possi-
biltiy of self shielding occurs. In self shielding, the outer
layers of a sample rapidly deplete the flux, so there is a flux
depression in the centerof the sample. ©Since the flux is not
uniform across the sample, the interaction rate is not uniform.
In a direct measurement the cross section would have to be calc-
ulated on the basis of the t'average! flux in the sample. In our
indirect method the atoms within the foil do not contribute to
the damping of the chain reaction, but we calculated the cross
section as if they did. (That is,n29/nged the reactivity change
on the mass of the entire sample, t just the mass which ab-
sorbed most of the neutrons.)

Secondly we based the calculation on reactivity measure-
ment. To do this we assumed that every neutron abscorbed wgs of
equal importance. That is, we assumed that the adjoint flux
was flat in the therma)k column. This is a good assumption in
the axial direction, Hut it fails in the radial direction since
neutrons closer to fhe fuel are more important then neutrons
farther away. Thds we can expect to see a dip in the thermal
adjoint flux in the thermal column. This has the effect of
making the energy averaged cross section a function of position.
To compensate for this, we based boron reactivity coefficients
and void coefficients on width (corresponding to the width of the
samples) and presumably averaged out the flux varialtions.

The cadmium cross section was measured to be 439 b as op-
posed to a literature value of 2450 b. This difference is due
to self shielding singe the cadmium was relatively thick (212 mg/cn®
as opposed to 1 mg/cm“ for Boron). The¢yfiermal absorbtion cross
section for tin was measured to be L.96 b as opposed to 1.25 b
in the literature. Similar trends were observed in lead, wijh




a measured cross section of .UL8 b versus .17 in the literature;
iron 17.2 versus 2.62; and tantalum 55 b versus 21 in the liter-
ature. Each of these experimental cross sections was about three
times larger than the literature value. In each case the ele-
ments have cross sections that are very much smaller than that of
cadmium.

The question is, why is the reactivity change larger than
would be expected? We assumed that these materials were 1/v
and free from low energy resonances in order to justify this
method. If however there was higher energy absorbtion in these
materials the reactivity change would be weighted by this and
larger than if it were 1/v. Of course the fast flux is relative-
ly small in the thermal column, but since the fast neutrons
have a higher probabiliyy of escaping from the thermal column
into the fuel, the fast adjoint fluj becomes more important.
The Boron cross section decreases by about three orders of mag-
nitude from thermal to epithermal energies, so that the effect
of fast neutron absorbtion in Boron on reactivity is small.
The cross sections of the other elements do not decrease any-
where near this much, which explains the extra reactivity change
with respect of Boron.
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