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ABSTRACT 

The imaging of core samples using both x-ray computerized tomography (CT) and 
nuclear magnetic resonance (NMR) have shown the usefulness of imaging techniques as ways of 
measuring the porosity of saturated cores by producing images of the hydrogen content. In this 
paper, we describe a method for tomographic imaging using thermal neutrons which has the 
advantage of imaging directly the hydrogen content of samples with high sensitivity. We have 
made three dimensional images of a brine-saturated sample of San Andres dolomite using 
thermal neutrons from the MIT research reactor. The interaction of thermal neutrons varies 
greatly from element to element but the interaction probability is particularly large for hydrogen. 
As an example, the absorption length for Si02 is approximately 0.3 cm-l while water is 

approximately 3.4 cm-l. This is in marked contrast to x-ray CT where materials of high atomic 
number dominate the absorption. The mineral matrix is essentially transparent to the neutrons 
and thus neutron CT images provide a direct way to image the water or hydrocarbon content of 
cores and hence to obtain porosity information. The neutron absorption of typical steel core 
holders is also relatively small, and it is possible to image cores while they are inside steel core 
bmels. 

BACKGROUND 

X-ray tomography has been used in core analysis to determine density and elemental 
composition, and for fluid flow studies. The detailed spatial information available from CT 
imaging permits the determination of these properties even when samples are damaged or are 
highly inhomogeneous. (1) A refinement of the basic CT system is the use of dual-energy 
imaging. At high x-ray energies (above 100 keV), the dominant x-ray interaction on materials is 
Compton scattering which is essentially dependent only on the bulk density of the material and 
does not provide a method for separation of materials by atomic number. Below 100 keV, the 
interaction is dominated by photoelectric absorption which is strongly dependent on the atomic 
number of the material. By comparing images taken at two energies, it is possible to separate 
out elements and thus to determine to some extent the composition of the rock. Unfortunately, 
except at the lowest energies, the interaction of x-rays with hydrogen bearing materials is 
dominated by Compton scattering and as a result, the imaging of hydrocarbons in rocks is 
therefore less sensitive. Modern medical CT systems are designed to image essentially uniform, 
low absorption objects (soft tissue) with inclusions of small amounts of high absorption material 
(bone). For core imaging, the inverse situation exists with a small amount of low-absorption 
hydrocarbon distributed within the high absorption rock matrix. Software reconstruction 
algorithms have been modified so as to enhance the imaging of hydrocarbons and water in this 
case. In addition, the significant absorption of low energy x-rays by steel core barrels reduces 
further the ability to image hydrocarbons directly. 
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