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ABSTRACT 

Sodium ( 2 3 ~ a )  is an NMR-active nucleus with considerable petrophysical importance because 

sodium is the predominant cation in reservoir brines. This paper presents the first NMR images of 2 3 ~ a  

inside cores. Several core applications are demonstrated, including measuring core salinity, 1-D profiling, 

and 3-D imaging of brine ingress into cores. 

INTRODUCTION 

Most petrophysical applications of nuclear magnetic resonance (NMR) have used either proton 

('H) or carbon (13c) nuclei.lps IH NMR has been utilized for measuring porosity, oil/water saturations, 

and permeability,1-4 and 13C NMR for measuring oil saturation, oil viscosity, and carbonate mineral 

content.516 

Because sodium is the predominant cation in formation brines, another NMR-active nucleus with 

considerable petrophysical importance is sodium ( 2 3 ~ a ) .  Formation salinity is essential for interpreting 

resistivity logs, but the salinity may not be known in a new area or in old fields after years of waterflooding. 

Sodium NMR may then be useful for determining brine salinity inside unflushed cores in cases of unknown 

formation salinity. 

Other applications of sodium NMR include measuring sodium diffusion coefficients in cores, 

imaging mud filtrate invasion, imaging salinity variations during flooding experiments and checking 

completeness of salt removal in core extractions. Still other potential applications include nondestructive 

measurements of cation exchange capacity and sodium transport number for quantifying clay conduction in 

shaly sands. 

SENSITIVITY 

The major technical difficulty with obtaining 2 3 ~ a  NMR is its very low sensitivity, about that 
of the proton. Table 1 compares several nuclei of petrophysical importance, listing their nuclear spin, 

gyromagnetic ratio (gamma), natural abundance, relative sensitivity (i.e., at constant field for equal number 

of nuclei) and absolute sensitivity (i.e., product of relative sensitivity and natural abundance). Petrophysical 

2 3 ~ a  imaging would appear to be particularly difficult considering sodium's low absolute sensitivity, its 

dilution in brine (maximum concentration of 5.4 16 Molar at 25 "C) , and the further volumetric reduction 

inside a core due to porosity and oil saturation. 
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