











meaning hydrocarbon influx and negative brine influx. As we are dealing in this case with a steam injection it means
for negative (blue) that the steam is moving fast and for red/purple that the steam is moving slow.

In this case the bottom of the reservoir was at 400 m depth, which is the reason why it was successful. In many case the
reservoir is deeper and surface measurements won’t see much of an anomaly as the signal decays the offset to the third
power.

The next obvious step is to use surface-to-borehole measurements where the transmitter is at the surface and the
receivers in the borehole. This overcomes cultural noise issues with the receivers when at the surface and safety issues
when lower high voltage and high current transmitters in the borehole. Figure 4 shows some modeling results for a
reservoir that is representative for many reservoirs in the Middle East. In this case the fluid substitution yielded
resistivity changes from 5 to 40 ohm-m for brine or oil saturated reservoir. When modeling this we can see appreciable
differences on the right of the diagram.

Figure 4: Feasibility models and results for surface-to-borehole EM monitoring. On the left is the model and on the right of the
diagram the various curves for different reservoir fluid saturations.

A next step would be to add single well measurements. Single well measurements and even time lapse
measurements will require recording of very small signals in the Pico-volt range. Present technology is just
starting to be able to measure these type of small signals and the first laboratory tests have just been made.

Conclusions

Geophysical reservoir monitoring can help predict flood front arrival and thus allow control of the smart well
production completion. This saves operating costs and increases the recovery factor of a reservoir. The use of these
types of measurements is slowly increasing as infrastructure and technology understanding is put in place.
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