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ORELA is an intense, pulsed neutron source located in the Engineering Physics and Mathematics
Division of Oak Ridge National Laboratory. In operation since 1969, it has primarily been used to
provide nuclear data for applied and basic research problems. Results have been documented in over
500 publications. In this paper we look at the properties of this facility which make it possible to
determine the isotopic content (as well as amounts) of an unknown material, and thus make it of
interest to ANDA and material certification studies.

Reference 1 alludes to the use of electron accelerators in ANDA work, but in the framework of using
the neutrons or high energy photon radiation produced by the accelerator to induce fission reactions
in the sample and then use traditional methods of counting the resulting prompt and/or delayed
neutrons and gammas. The method we propose takes advantage of the pulsed nature of our source
to utilize the time-of-flight method to identify materials and their amounts by observation of the
unique resonance structure of each isotope contained in the material. In contrast to reactor- or 2S^Cf-
based neutron sources, which produce neutrons continuously in time, our accelerator produces narrow
bursts (a few nanoseconds wide) of neutrons, adjustable from 12 to 1000 bursts each second. Each
burst contains a wide range of neutron energies. As neutrons of various energies pass through an
unknown material, they map out the unique resonance structure of the isotopes which constitute the
material, thus allowing its identification. Since most materials of interest to ANDA work have been
studied in detail, the resonance properties are well known and the amount of material which provides
the observed structure can therefore be determined by a least squares Gtting procedure. This method
is well established and regularly used for identifying impurities in samples used in the nuclear data
measurement field.

The experimental setup for these measurements is quite simple. The incident neutron beam is
appropriately collimated and allowed to impinge on the sample of unknown material. A neutron
detector is placed behind the sample, on the axis of the incident beam, and the neutrons passing
through the material are counted as a function of time following each neutron burst. This provides
a spectrum corresponding to the resonance structure of isotopes present in the material. Then the
material is removed from the beam, and the open beam is counted. The sample-in spectrum is then
divided by the sample-out spectrum, and normalized to account for any differences in exposure time
to the beam. This division results in a spectrum (the transmission spectrum) which is unique for each
material. Dividing the transmission spectrum by the known (from earlier, basic physics work) cross
section for each isotope in the material and searching on this ratio gives the absolute number of
atoms of each isotope present in the material. There are no neutron or gamma-ray attenuation
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corrections to be made. The main restriction is that the material not be so thick that all of the
incident neutrons are absorbed and none make it through to the neutron detector behind the sample.
This would correspond to about six to eight inches of iron, for example. Trial work of this nature
done at an electron accelerator (now shut down) at the National Institute for Standards and
Technology (NIST), together with examples, can be found in Ref. 2. Results were in agreement from
1-2% with more traditional methods for determining the amount of material present.

Utilizing the pulsed nature of the source, the above method can be extended to include traditional
measurements of prompt (and possibly delayed) neutrons and gamma-rays following fission, using the
time between neutron bursts as "looking time" for these events.
Using a combination of small collimation of the neutron beam and a position sensitive detector,
movement of the unknown material across the beam allows approximate localization of particular
isotopes within the material, thus making the above techniques useful for nonuniform as well as
uniform sample studies.

We have outlined some of the potential capabilities of pulsed neutron sources to study problems
related to ANDA studies. Other areas, including standards determination studies, should be
amenable to such techniques. Further discussions and possible scoping measurements are welcomed
by contacting the author.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
prooess disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United Stales Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


