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Gamma-ray spectrum processing 

The final version of the analysis program will be run in Windows environment using the 
advantage of the user friendly graphical interface and the multitasking. The Windows- 
based program is implemented in Visual C++, taking into account subroutines developed 
in this environment. The Menu system of the program has been planned and implemented 
with the Visual C++, and the subroutines from the earlier Pascal version have also been 
coded in the C++ object oriented environment. 

A new class has been defined for holding the spectrum object, and the following tasks 
have been implemented for this class: a) reading the spectrum from an Aptec analyzer 
spectrum file, b) reading the spectrum from an earlier created library spectrum file, c) 
creating an energy calibration for the spectrum, d) transforming the spectrum from one 
energy calibration to another, e) performing arithmetic operations on the spectra (add, 
subtract, multiply by number) while taking into account the error propagation and adding 
methods for making corrections on the spectra used as library spectra. A extensive error 
handling procedure was implemented in these methods to avoid crashing the multitasking 
environment. 

The methods for the class of decomposition of the spectra have been implemented, 
following the logic of the Pascal version of the program. The main effort was expended 
in implementing the dialog windows for setting the parameters for the decomposition, 
creating the library spectra, and the input parameters and for creating the dialog windows. 
An important feature of the program is the saving of all important parameters when exiting. 

Elemental Analysis 

We have analyzed Na and Si in coal by fast neutron activation. The two reactions of 
interest are 23Na(n,cx)20F and 2BSi(n,p)28AI. The sodium content in coal is determined by 
measuring the 1634 keV y-rays emitted from 2oF (1 1 sec half-life). This reaction has a 140 
mb cross section. Silicon in coal is determined by measuring the 1779 keV y-rays emitted 
from 2BAI (2.25 min half-life). This reaction has 250 mb cross section. For these 
measurements, we have used 14 MeV neutrons with 20 ms pulse-width and 20 Hz 
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frequency. We prepared several coal samples with known amount of Na by adding NaCI. 
The primary coal sample used for this preparation was 9501 1. It has 106 ppm of chlorine 
but the sodium content is not given. 

The results of our measurements are shown in Figure 1. All measurements are single 
measurements with a counting time of 20 minutes. With the present set-up, our detection 
limit for Na is 0.6% weight. This is estimated as thrice the measurement uncertainty (0.2% 
w). With Na contents higher than 0.2% w, a good linearity in counts vs absolute 
concentration is seen. 

We would like to mention here that none of the existing commercial nuclear analyzers 
measures Na directly. Their Na measurements are based on the assumption that Na in 
coal is in the form of NaCI, and they estimate Na by measuring CI in coal. However, in 
recent literature, it is mentioned that there is no linear correlation between CI and Na in 
US coal. 

For some of the coal samples used for the sodium measurements, we have had 
measured earlier their CI content. In these samples, CI was added to coal in the form of 
NaCI. Figure 2 shows the Na content in coal, estimated from the CI measurements. 
Although a fairly reasonable linearity in counts vs absolute values is seen, the 
discrepancies may be due to the unaccounted native Na content in the coal sample used 
in the experiments. In the US coals, the average Na content is 0.08 f 0.12 % w, with a 
maximum of 1.4% w. Although our present detection limits are 0.6% w, the present 
measurements were made in order to establish a method for direct detection of Na in coal. 
We have attempted to improve our detection limits by counting the activation products for 
a longer time period. This was done by operating the neutron generator at a higher 
frequency. However, with the present set-up, this attempt was not successful. The higher 
pulse frequency produced a higher thermal neutron field which enhanced a nearby 1560 
keV peak. The result was to render inaccurate the Na analysis. We are now planning 
ways of improving our detection limits such as placing the coal samples as close as 
possible to the neutron generator (the present source to sample distance is about 50 cm) 
and using an independent set-up for measuring activation products. 

Establishing a method of direct measurement of Si is in progress. 

The MCNP - Monte Carlo neutron photon transport code was used to design a coal chute 
for the final coal analyzer. The primary design goals were to maximize the thermal 
neutron flux in the area of the coal volume seeing by the detector. There is one constraint 
to the design - the source, detector, and coal sample arrangement should be appropriate 
for the DECOMP - gamma-ray data analysis program. This particular set-up is briefly 
described below (see Figure 3). The coal sample is represented by the cells #I-8 (the 
cells are calculation bins for the MCNP code). Borated polyethylene blocks (cells #9,10) 
shield the BGO detector from the neutron generator. The BGO detector is surrounded 
by Pb bricks (cells #11-17), shielding it from the gamma-rays emanating from the neutron 
generator and from the borated polyethylene blocks.. With these criteria, we have 
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calculated the thermal neutron flux in coal for different coal box dimensions. 

We summarize below the cases studied for this design. The notation H, L, and W are 
used for ttie box’s height, length, and width respectively. 

.I . 
2. 

3. 

4. 

6. 

Thermal neutron flux in a box with H=20 cm, L=30 cm, and W=20 cm (Figure 4). 

Thermal neutron flux in a box with L=30 cm, W=20 cm and heights L=60, 
100,200, and 400 cm (Figure 5). As can be seen, by increasing the height of the 
coal box to 60 cm, an increase by a factor of 2.5 of the thermal neutron fluence 
within the coal volume (cells #I-8) ‘is achieved. The data points in cells #9-18 
represent the thermal neutron fluence in the BGO shielding and the BGO detector 
itself (cell #17). 

Thermal neutron flux in a box with L=30 cm, H=60 cm, and widths W=l5,20,25, 
,and 30 cm (Figure 6). 

Thermal neutron flux in a box with H=60 cm, W=20 cm, and lengths L= 30 and 60 
cm (Figure 7). 

Thermal neutron flux in a box with L=30 cm, H=60 cm, and W=20 cm- Here the 
flux is calculated in small cells to determine the lateral distribution of neutron 
fluxes (Figure 8). 

In all these calculations, in addition to thermal neutron fluxes, we have also calculated 
neutron fluxes with energies 14 MeV to thermal. Also, the fluxes in different parts of 
shielding were computed- including the detector region. 

We have also calculated the gamma-ray collection efficiency from various places in the 
coal box (Figure 9). The neutrons from the generator impinge on the coal sample along 
the x-axis. The width of the coal sample L is along the y-axis. The BGO detector looks 
at the middle of the coal volume (cell #24 along the x-axis). The calculations are for the 
6130 keV oxygen gamma-ray and take into.account the gamma-ray absorption within the 
coal as well as the thermal neutron production variation along the width W of the coal 
volume (see also Fig. 8). 

Finally, in order to produce the best shielding for the gamma-ray detector, the thermal 
neutron production was calculated with and without a 1 mm Cd sheet. The squares in Fig. 
10 represent the thermal neutron flux as in Fig. 5. When a 1 mm Cd sheet is placed 
around the Pb shielding of the BGO detector(cel1s #9-21), the thermal neutron flux at the 
detector site is appreciably reduced (data in triangles). When the coal sample is removed, 
there is very little thermal neutron production (filled circles) in the BGO detector vicinity. 
These calculations indicate that we should be able to minimize the gamma-ray 
background produced by thermal neutrons impinging on the detector, by placing 
appropriate thermal neutron absorbers around the detector. 

The results of our case studies indicate that a vertical chute with L=30 cm and W=30 cm 
, 
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will ‘provide the best results for the PFTNA. We are planning more calculations to study 
the effect of the chute material. We are also planning a benchmark experiment of a 
simple design that can be used to validate the MCNP results. 
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Sodium Analysis 
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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 
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, recom- 
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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Thermal Neutron Flux Variations With Box Height 
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Thermal Neutron Flux in the Coal Box 
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Thermal Neutron Flux Variation With Box Width 
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Thermal Neutron Flux Variations with Box Length 
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Red - L=60 cm, H=6Ocm, and W=20cm 
Black- L=30cm, H=GOcm, and W=2Ocm 
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Thermal Neutron Flux in Various Segments 
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Gamma-ray detection from various cells in coal 
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