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Four undergraduate students (Jennifer Ball, Jon Paschal, Keith Persons, and Gary Spichiger) 
completed on August 15 their 10 week summer research assignment at the Applied Physics 
Institute. All four students will be continuing their work at the institute this fall. 

2. Meetings and discussions related to the project 

The evaluation of our project by the DOE/Advanced Fossil Research review panel has been 
communicated to us. We are pleased to include in this report the panel's assessment of the 
project. 

On July 10 and 11, a two day retreat of the faculty and students working on the project, allowed 
an in-depth analysis of our progress, and a definition of milestones for the corning months. On 
September 9, another 8-hour group meeting took place at the Applied Physics Institute. It was 
decided that this pattern of extended discussions of the research results should continue every 
two months. 

Dr. Linus Dep attended the 1995 Pittsburgh Coal Conference, Sept. 11-15. 

A paper entitled "Neutron-generator based on-line coal analysis: a progress report" was 
presented at the 8th International Conference on Coal Science, Oviedo Spain, Sept. 10-15. 

3. Scientific work 

Gamma-ray spectrum processing 

In preparing a library of response gamma-ray spectra for each of the main elements contained 
in coal, a difficulty arises in the. instances that single element spectra cannot be prepared (e.9. 
a hydrogen response spectrum can be prepared only through substances such as H,O or C2H2). 
For these cases, the spectrum unfolding program has been improved with a possibility of 
unfolding the response functions of the higher energy peaks (e.g. oxygen) and subtracting them 
from the lower energy ones (e.g. hydrogen). 

A neural network solution of the spectrum processing has been tested. The Optimal Linear 
Associative Memory (OLAM) artificial neural network model for the spectrum processing was 
implemented in the program for testing purposes. Comparing the neural network solution with the 
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Least Squares technique(LSQ), the OLAM has not shown important advantages. Generally, the 
Least Square Method has given better results for the fitted spectrum than the OLAM. The LSQ 
gives an estimation of the error, but the OLAM does not. The OLAM is superior to the LSQ in 
speed, but the 2-5 s processing time is acceptable in the planned applications. 

The final version of the program is planned to run in a Windows environment, because of the 
user-friendly graphics interface and the multitasking. The Windows-based program will be 
implemented in Visual C++, taking advantage of subroutines that have been developed in this 
environment. The menu system of the program has been planned and implemented with the 
Visual C++, and some subroutines from the earlier Pascal version have already been coded in 
the C++ object oriented environment. 

Analysis of sulfur and chlorine in coal 

It was shown in the earlier analysis of sulfur in coal that the minimum detection limit can be 
decreased by increasing the thermal flux in the coal sample. Three experimental geometries of 
the neutron .. I generator , I  module and BGO detector were tested: 

. .  1. Straight-through geometry, with the detector placed at a distance of 60 cm from the 
neutron source. The coal sample was placed in between, with 5 cm paraffin around it. 
The thermal neutron flux in the coal sample increased by about factor of five compared 
with the earlier set up, but the gamma-ray spectrum from the inelastic scattering could not 
be evaluated because of the huge pile-up. The intensity of the “background spectrum” 
was much higher than the spectrum of the coal sample, making the generation of the 
library response spectra very difficult and only over a limited energy range. The.intensity 
of the oxygen peak in the background was high because of the direct activation of the 
BGO detectors from the fast neutrons. The detection limit was - 0.2-0.3% sulfur. 

2. The detector was placed 90” to the neutron beam, at a distance of 45 cm from the neutron 
source. The detector had a neutron and gamma-ray shielding around it, which reduced 
the background intensity significantly. The intensity of the 5420 keV sulfur gamma-ray 
was about 25% less than in the previous geometry, but the lower background 
compensated for it. The same sulfur detection limit of- 0.2% was obtained. It came to 
light that the pile-up rejector circuit in the amplifier distorted the spectrum linearity. This 
also limited the fitted energy range and caused some difficulties in the generation of the 
library response spectra. 

3. The geometry was the same as in the previous geometry #2 with an improved pile-up 
rejector set up. The intensity dependent distortion of the pile-up rejector decreased, but 
it could not be completely removed. As a result, the spectrum fit could be done only in 
two parts. The detection limit was about the same as in the previous case. 

For chlorine, using geometry # 3 and the LSQ method for the spectrum analysis, the detection 
limit was 200 ppm, compared with the 1000 ppm limit of the single peak analysis. 
Figures 1 and 2 show the S and CI results obtained from our measurements vs. the chemically 
measured content of S and CI of various coal samples. 
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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 
process 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, r m m -  
mendation, or favoring by the United States 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. 
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