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ABSTRACT 

Magnetic Resonance Imaging (MRI) is very useful in core analysis because it gives 
information about petrophysical parameters: porosity and fluid saturations. This paper deals with 
several applications of MRI to the study of fluid distribution in porous media, with a strong 
9.4 tesla magnetic field. The use of a strong magnetic field coupled with high gradients produces 
images with good resolution and enables very thin slices to be obtained. 

Oil and water were visualized in small core samples (1 cm in diameter and 2.5 cm in length). 
The MRI profiles were compared to those from a numerical simulator based on generalized Darcy's 
law. Good agreement was observed between experiment and simulation showing the validity of 
MRI profiles. 

A 3-D reconstruction of oil distribution was presented for oil and gas. The 3-D visualization 
showed a preferential path for gas. 

INTRODUCTION 

Visualizing fluid distribution in a porous medium is very helpful in the study of multi-phase 
flow in porous media. Visualization may be done by gamma-ray attenuation technique (Bourbiaux 
et al. 1990). But in some cases -- for example fluid flow fingering -- a one-dimensional description 
is not sufficient and a two- or three-dimensional description is required. X-ray tomography is the 
first way to get a two-dimensional description of a rock sample so as to obtain 2-D images of 
porosity or visualize displacement in a porous medium (Withjack et al. 1990). Fluid distribution 
images result from substracting the image of the rock matrix from fluid-saturated rock images. 
MRI is the second way to obtain 2-D images. Unlike X-ray tomography, which visualizes both the 
rock matrix and fluids, MRI visualizes only fluids and the interaction of these fluids with the 
surface of the pores. 

MRI is an extension of Nuclear Magnetic Resonance (NMR), a technique explained in Ernst 
et al. 1987. The nucleus of some atoms has nuclear moment which may interact with a magnetic 
field. When such atoms are placed in a magnetic field and excited with a radiofrequency pulse a 
transient signal follows which is detected in a coil placed around the sample. The amplitude and 
frequency of the signal depend on the strength of the magnetic field and are characteristic of both 
the nucleus and of its chemical environment. Spatial discrimination is required to get an image of 
the distribution of a kind of nucleus. Discrimination is produced by superposing three orthogonal 
linear magnetic field gradients on the main magnetic field. In this way each point of the sample is 
subjected to a different magnetic field, and so gives a signal at a different frequency which is 
related to a spatial position. If only one gradient in one direction is used a discrimination of the 
signals only in this direction is obtained. This is how an amplitude profile is got. In a strong 
magnetic field it is also possible to differentiate between species having the same nucleus and study 
them in a different environment. An example is studying protons and obtaining an image of oil and 
of water in core samples containing oil and water. The chemical shift method is used to do this. 

Click here to download the complete version of this paper

http://www.scaweb.org/search.shtml

