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Abstract

The exploratory activity involves several factors that have no control, such as the presence/absence of oil and the quality of the explored product. To minimize the uncertainties and ambiguities encountered during oil and gas prospecting, the controlled-source electromagnetic methods in the marine environment have gained prominence, mainly due to technological and operational innovations. In addition to presenting an increasingly shorter acquisition time and higher resolution, they provide a greater amount of information and knowledge about the geological environment of interest. Studies have shown that MCSEM (marine controlled-source electromagnetic) is a suitable method for direct indication of hydrocarbons (DHI). To improve the vertical resolution and to promote a better distinction between conductive and resistive bodies, a Norwegian company has developed a new controlled source arrangement. In addition to instrumental changes, this new methodology has been given the mnemonic nomenclature VVCSEM (vertical-vertical controlled-source electromagnetic) and patented under the name TEMP-VEL (transient electromagnetic prospecting with vertical electric lines) for use on deep water plates and TEMP-AEL (transient electromagnetic prospecting with adjusted electric lines) suitable for use on shallow water plates. The VVCSEM method is, strictly speaking, an MCSEM method using a vertical electric dipole as a source, vertically oriented receivers, and a time-domain acquisition mode. Its main application is reservoir monitoring, reducing ambiguities encountered by conventional seismic and minimizing exploratory risks in fields with complex geology. The present doctoral thesis shows the results of three-dimensional modelling of the MCSEM and VVCSEM methods built in a multiphysics modeller to analyse the electromagnetic field responses in different models and configurations. Having the result of the synthetic model modelling and validation with the benchmark literature, the responses of the aforementioned methods were generated from a realistic geological model of a study area known as Marlim-R3D. The geological model represents a turbiditic reservoir with six stratigraphic horizons made available in an open repository. An electromagnetic methods acquisition design was carried out to obtain their responses for different arrangements and azimuths, optimise the operation without giving up data quality, and compare the responses in the realistic model.
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