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A b s t r ac t Recent studies have shown that carbonate 
reservoir rocks from the Middle East are generally neutral, 
mixed, or preferentially oil-wet. 
Wettability changes during stages of "preserved as received", 
cleaned, and restored were evaluated by the USBM and Arnott 
methods. Contact angle measurements were also evaluated 
on calcite and marble surfaces for comparison purposes. 
Rocklfluid interaction was studied by determining rock 
composition, brine and oil chemistry, and zeta potential. 
The wettability was intermediate in nature regardless of the 
stage during which it was tested. The results showed that the 
rocks were neutral to slightly oil-wet in the "preserved as 
received" state, neutral to very weakly water-wet after 
cleaning with long and tedious procedures, and remained 
neutral to slightly oil-wet in the restored state. A technique 
was developed, and the preliminary results obtained indicate 
the possible existence of a mixed-wettability system for the 
reservoir. 
A core cleaning technique using steam was utilized which 
proved to be at least as effective as the currently used 
solvents, such as methylene chloride, chloroform, pyridine, 
tetrahydrofuran, and chloroformImethanol azeotrope. 
Moreover, it is less expensive and much less hazardous to 
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work with. The results showed that i t  was impossible to 
achieve a strongly water-wet condition for these cores. The 
chemistry of the crude oil, formation and preserving brines, 
and rock surface properties support the findings of an 
intermediate wettability state. 
The experience gained from this investigation reinforced the 
need for better understanding of the mechanisms of rocklfluid 
interactions and wettability at the pore level, or improvement 
to existing methods especially for carbonate rocks. 

INTRODUCTION 

It is acknowledged that wettability is among the major factors 
which affect residual oil saturation, capillary pressures, electrical 
properties, relative perrneabilities, and oil recovery. Although 
wettability control or its alteration was proposed as a method 
for improving oil recovery, the subject is still not well developed. 
Thus, more work is required to better understand the 
fundamentals and mechanisms which will lead to improved 
techniques for evaluating weltability. 

Extensive review of the literature on carbonate rocks has 
revealed that the majority of these rocks have a tendency to be 
preferentially oil-wet (RIIKFUPM, 1990; Cuiec, 1991 ; Chilingarian 
e t a / . ,  1992). Recent studies have indicated that carbonate 
reservoir rocks from the Middle East are generally neutral, mixed, 
or preferentially oil-wet (Cuiec and Yahya, 1991). Several 
carbonate fields in Saudi Arabia have been submitted to 
prolonged pressure maintenance or to waterfloods. To be 
successfult the design of a future, assisted, or (improved) 
waterflood process must take into account the in situ wettability 
of  the reservoir. 

Since it has been reported (Donaldson et a/., 1969; Salathiel, 
1973; Anderson, 1987) that oil recovery is dilterent for the 
neutral, mixed, or preferentially oil-wet (whether slightly or 
strongly oil-wel). wettability must be identified and classified 
accordingly. Also, a direct measurement of in silu formation 
wettability is not yet available and therefore the wettability should 
be measured in a state which represents the reservoir 
environment in as closely as possible. This is normafly done by 
evaluating the wettabilily in the "preserved as received' condition 


