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ABSTRACT 

An NMR chemical shift imaging modality is presented for quantitative determination of the 
spatial distribution of water and oil saturation in porous samples. It is applicable to those samples 
for which the two resonance lines overlap severely, and for which significant signal decay occurs 
during the chemical shift evolution period. We have used this method to demonstrate the 
separation of water and oil images in sand packs and core samples. 

Magnetic resonance imaging (MRI) has the potential to provide a means to determine the 
spatial distribution of fluid saturations within opaque porous media, with obvious applications in 
rock physics, fluidjrock interfacial processes, and porous media fluid dynamics, especially liquid - 
liquid displacement mechanics. In order to study the multiphase flow, where several fluid phases 
may be present within the pore space, it is necessary to distinguish between fluids of different 
chemical compositions. 

During the last few years, several approaches for achieving this result have been 
investigated. Hall et al.1 performed a study in which they obtained resolved images of water and 
oil in a sandstone based on the difference in relaxation times. However, it is necessary that the 
protons in different phases have different relaxation times. Relaxation times of fluids in porous 
media are dominated by fluidlsurface interactions and pore geometry2, resulting in a wide 
distribution of relaxation times as well as a decrease in the difference of relaxation times between 
water and oil. Consequently, the available contrast for fluid identification based on relaxation 
times is considerably reduced. A number of other workers have reported NMR images of water 
and oil distributions in porous samples utilizing the chemical shift interaction. The various 
methods for chemical shift imaging can be classified into two major categories. The first category 
consists of methods that selectively excite or saturate water (or oil) protons before a conventional 
imaging pulse sequence is applied. Edelstein, et al? have demonstrated the use of selective 
excitation to observe oil and water in saturated dolomite cores. The selective saturation method has 
been used by Dechter, et aL4 to obtain specific images for Bakers dolomite and Bentheim 
sandstone core. The spectrally selective pulses again yield images of only one fluid phase at a 
time. The second category involves methods of spectroscopic chemical - shift imaging, in which a 
chemical - shift dimension is added to each voxel. Conventional chemical - shift imaging uses two 
spatial orthogonal phase - encoding magnetic field gradients and collects free induction decay 
signals in the absence of magnetic field gradients? Hall et  used this technique to observe 
dodecane and water in Berea sandstone samples. The full three - dimensional chemical - shift 
imaging methods are rarely used because of long experiment times, unless relatively coarse spatial 
resolution is acceptable. If high spectral resolution is not desired, the data acquisition efficiency 
can be enhanced significantly by frequency encoding one of the space dimensions and phase 
encoding the chemical shift. In a spin - echo sequence this is usually done by changing the 
amplitude of the magnetic field gradient pulse7 or by varying the time of the 180' pulse while 
keeping the time between excitation and acquisition c ~ n s t a n t . ~  By making one of these changes a 
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