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ABSTRACT 

Fluids in reservoir rocks exhibit nuclear magnetic resonance (NMR) 
characteristics more like those of solids than liquids. Very short TZ r e l a x a t i o n  

times and broad natural line widths are caused primarily by paramagnetic 
components in the rock matrix. These characteristics place severe constraints 
on the NMRI methodology that can be used to obtain high-resolution, pore- 
scale images of fluid in reservoir rock. Because the relaxation and line 
broadening are not caused by dipolar coupling, multiple-pulse line narrowing 
techniques developed for NMRI in solids will not work. Very strong imaging 
gradients (75 to 150 Gauss/cm) are required to achieve meaningful voxel 
resolutions which severely limit the rapid switching of gradients required for 
most NMR slice-imaging techniques. An NMRI protocol based on 3D back- 
projection i s  presented and its advantages (high resolution in  three 
dimensions, multi-planar slice selection) and limitations (RF pulse power, 
acquisition time, data file size, computational demands) are discussed. Using 
this protocol, images of two-phase fluid systems in rock samples have been 
obtained using 65536 projections and 256 complex points per projection about 
spherical coordinate space. Resolutions as high as 25 microns per pixel have 
been obtained. A brief discussion of sample preparation requirements is 
presented. Results  are presented showing one- and two-phase fluid 
distributions in reservoir rock at the pore level. 

INTRODUCTION 

The development of nuclear magnetic resonance (NMR) imaging from 
high-resolution NMR spectroscopy is  straightforward in concept. In NMR 
spectroscopy, the sample is placed in a highly homogeneous magnetic field. 
All NMR-active nuclei of a given species, for example protons in water, will 
experience the same magnetic field and resonate at the same frequency, 
resulting in a sharp peak for water in the NMR spectrum, but no information 
is obtained to spatially differentiate one water molecule from another. If a 
l inear gradient in magnetic f ield intensity is superimposed on the  
homogeneous field, then water protons on the side of the sample exposed to the 
lower fields will resonate at lower frequencies and the protons exposed to  he 
higher fields will resonate at higher frequencies. What will be observed in 
the NMR spectrum will be a projection of the summed intensity from water 
protons in perpendicular planes at each position along the diameter of the 
sample in the direction of the gradient field from lowest to highest frequency. 
Figure 1 illustrates this projection process. By changing the orientation of the 
gradient in three-dimensional (3D) space in a regular manner, information 
about the location of all water protons in the sample can be obtained, and an 
"image" of the water distribution in selected planes from the sample can be 
displayed. This NMR imaging process was first developed in 1973 (Lauterbur, 
1973.) In the intervening 19 years, many developments have occurred in the 


