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Background: 
Describing first time invasion using representative fluid pairs will in many cases result in a more representative imbibition curve, which is strongly dependent on obtained wettability.  This is especially important for prospects where it is believed that the initial water saturation profile may not be given by the primary drainage curve. 

Unfortunately, the oil industry has limited experimental experience with the influence of representative conditions on capillary and electrical properties. Capillary pressure curves are usually transformed to representative conditions using interfacial tension transformations. However, there is currently no way of transforming electrical properties to more representative conditions. One of the reasons for this is that exploration in the early days of the Norwegian oil industry was concentrated in areas which were considered as less challenging with respect to exploration. Another reason for this may be lack of advanced technology in special core analysis for investigating this, or because of the complexity and difficulty in producing models for historical saturation changes. This has now changed and oil companies are facing challenges with respect to understanding petrophysical behaviour of fields close to those already developed, and often affected by the pressure reduction in these fields, as well as development of more complex high pressure reservoirs and, finally, marginal fields in general.

The industry standard for establishing capillary and electrical properties has been performance at pseudo reservoir conditions. Pseudo reservoir conditions means dead oil-brine or nitrogen-water systems at reservoir temperature and net overburden pressure (i.e. avoiding full pore pressure and live oil). Although very important for the calculations of OIIP, there have been little or no investigations into the influence of representative conditions on capillary and electrical properties. In contrast to standard industry practice, there is a tendency for performing capillary pressure and resistivity index at full reservoir conditions in complex carbonate reservoirs. However, there is a lack of understanding with respect to when this practice is important.

Scope of work: 
The project has the following main objectives:

Experimental comparison studies for different fields will be performed, where the scope is to observe and analyse differences in achieved electrical and capillary properties performed by porous plate method at both pseudo- and full reservoir conditions, i.e. drainage, imbibition and secondary drainage with corresponding electrical response as a function of fluid-fluid and fluid-rock interaction. All experiments will be undertaken using in situ saturation monitoring (at full reservoir conditions) in order to study local distribution as a function of time and history in parallel with corresponding electrical behaviour. 

It will also be important to study well logs and well log interpretations performed by the participating oil companies, as well as the water saturation models implemented for the fields in the study. 

An important aspect of the research study is to explore possible differences in achieved results, to understand these differences and to give guidelines about when it is important to consider live oil experiments at representative pressure and temperature. This might require additional measurements such as advanced interfacial tension measurements, viscosity measurements, wettability measurements, pore size distributions from mercury injection, Nuclear Magnetic Resonance (NMR), and PVT analysis in order to establish an understanding of the observed behaviour. 

Reslab and Statoil are currently developing technology for investigating capillary and electrical properties at extreme conditions. An extreme condition means reservoirs with pressures and temperature above 700 bar and 140 degree C respectively. Analysing comparison studies in HPHT-reservoirs against reduced reservoir conditions with the goal of detecting possible effects is one of the objectives of this research.

The oil industry has over the years introduced several fast techniques for establishing electrical properties at a significant reduced time for use in formation evaluation.  This is especially important for early decisions in prospect evaluations. Unfortunately, existing methods have limitations and have been proven to be misleading when acting forces in the system are dominated by forces other than capillary forces. One of the objectives in this research program is therefore to modify existing fast techniques and give guidelines for how to establish representative saturation exponents, i.e. comparable with the porous plate technique, at a significantly reduced time for use in the formation evaluation process.
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