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APPLIED RESEARCH JCPT76-04-05 JCPT-32 Capillary Pressure Correlations For Uniformly Wetted Porous Media Norman R. Morrow, Petroleum Recovery Institute, Calgary, Alberta Abstract      The dependence of capillary pressure on wettability as defined by contact angle has been investigated.  Drainage and imbibition capillary pressure measurements are presented for six different types of polytetrafluoroethylene (PTFE) porous media.  Changes in capillary       displacement curvature are shown to be reasonably consistent from one medium to another.  The form of these results suggests that operative
contact angles which cannot be measured directly within porous media are in reasonable correspondence with contact angles measured at roughened surfaces.  To a fair approximation, changes in drainage and imbibition displacement curvatures with contact angle are respectively proportional to the cosines of receding and advancing contact angles observed at rough surfaces. General correlations of the results have been developed. Conditions   for   observation   of   spontaneous   imbibition  predicted by the correlations, behaviour, as a basis for classifying systems as wetted, intermediately-wet
or non-wetted.  Discussion is given of some aspects of the role of wettability in obtaining     improved oil recovery. Introduction INCENTIVES for the study of wettability in regard to economic methods of obtaining improved recovery of oil from reservoir rocks have been discussed previ- ouslyl".  In the only extensive investigation of reser- voir wetting behaviour yet reported, advancing con- tact-angle measurements showed that a wide range of wetting conditions may be encountered from one reservoir to anotherl".  Contact angles were measured for reservoir fluids at formation temperatures on
minerals which, from examination of thin sections of core samples, were judged to be predominant at the pore walls.  It was found that wettability, as deter- mined by contact-angle measurements at smooth Norman R. Morrow graduated from the University of Leeds, England, withaB.Se. (chemicalengineering) in 1959 and a Ph.D. (mineral engineer- ing) in 1962.  After two years as a research associate in Mineral Engi- nearing at Columbia University, Dr. Morrow entered the petroleum indus- try.  He recently joined the New Mexi- co Institute of Mining and Tech- _ nology, where he serves as Head of
Basic Studies in the Petroleum Recovery Research Center, and as Adjunct Professor 'm the Department of Mining and Petroleum Engineering.   His main research interests are in surface chemistry and fluid flow in porous media as they relate to enhanced recovery of oil and gas.  He is a member of The Petrole Society of CIM, the Society of Petroleum Engineersum of AIME, the American Chemical Society and the Canadian Well Logging Society. Technology,   October-December,    1976,    Montreal f) F71o 0 1 5 cr I 0- 0 5 z 0    20    40    60   80     100 120   140   160   480                 ADVANCING
CONTACT ANGLE FIGURE I - Wettability distribution given by contact-angle measurements on smooth mineral surfaces for fluids from 55 reservoirs. surfaces, was qualitatively consistent with relative permeabilit;y behaviour.  The distribution of wettabil- ities for the 55 reservoirs for which advancing contact angles were reported is presented as a histogram in Figure 1. Although these results may not be typical of reservoirs in general, they present a distinct con- trast to the view that most reservoirs are prefer- entially water-wet.      In practice, when wettability is considered to be
important, laboratory data are obtained for preserved cores and fluids at conditions considered to satisfac- torily simulate those in the given reservoir.  Such data cannot be readily reproduced from one laboratory to another and are difficult to interrelate or quanti- fy. Systematic study under controlled wettability con- ditions is needed in order to develop an understanding of the role of wettability in oil recovery and other dis- placement phenomena.  Investigations were therefore undertakeri of the effects of wettability on spon- _ taneous irribibitionl", capillary pressure and relative
permeabilities  14); a companion study was made to determine the effects of surface roughness on contact angle").  A survey of this work has been prepared"'.   The I)reserLt paper concerns the effects of wettability on relationships between capillary pressure and satura- tion. Background Intrinsic Contact Angle      The most reliable method of obtaining precise wettability control in displacement studies is through the use of low-energy solids and pure liquids.  Prob- lems which arise in attempting to obtain satisfactory wettability- control at high-energy surfaces have been discussed
previouslyl7l.  In the present work, PTFE was used as the solid, and the contact angle me"ured,at 1    49














































