
A model study on time-lapse microgravity
for reservoir monitoring

1 1C.G. Eichkitz  & J. Schön

1)Joanneum Research Forschungsgesellschaft mbH, Institut für Wasser, Energie und Nachhaltigkeit, Roseggerstraße 17, 8700 Leoben, Österreich
2)Adam von Lebenwald Weg 41, 8700 Leoben, Austria

PANGEO AUSTRIA 2014, Universität Graz, 14.-19. September 2014

Literature

CONCLUSION

For reservoir monitoring usually time-lapse seismic is used. An alternative or additive would be the 
application of time-lapse monitoring to measure changes in gravity caused by changes in water saturation. 
Several authors have studied the principal application of gravity modeling for various fields of application 
(e.g. Eiken et al., 2004; Bate, 2003; Davis et al., 2005; Glegola, 2012; Takemura et al., 2000). The aim of our 
work is to test the applicability of microgravity for detecting small changes of water saturation within a gas 
reservoir. Model calculations are important components of the interpretation process – model calculations 
deliver quantitative information about effects of variables on the measured signal or properties. D. 
Hestenes (1987) defined a model in the following way: “A model is a surrogate object, a conceptual 
representation of a real thing. The models in physics are mathematical models, which is to say that physical 
properties are represented by quantitative variables in the models.” In the paper we demonstrate 
particularly the effect of a change of fluid saturation in a reservoir structure upon the observed gravity as 
measured at the surface. This means that we have to compare the variation in modeling results caused by 
changing saturation with the resolution of modern gravity meters. In our modeling approach we use an 
algorithm based on Talwani et al.'s (1959) equation for 2D gravity modeling. The algorithm is applied on a 
simple reservoir structure with varying water saturation models. Several authors have studied the principal 
application of gravity modeling for various fields of application directed on monitoring of fluid motion and 
change of fluid composition. Eiken et al. (2008) focused on gas production with the gravimetric monitoring 
of the Troll field. Tidal effects based on a theoretical tidal model have been investigated by Sasagava et al. 
(2008). Specific papers discuss gravity measurements and model calculations referenced to different 
instrument position: Zumberge et al. (2008) analyse the precision of seafloor gravity and pressure 
measurements for reservoir monitoring. Studinger et al. (2008) compare the application of AIRGrav and 
GT-1A airborne gravimeters and Vasco et al. (2008) use satellite geodetic data for a reservoir monitoring 
and characterization at the Krechba field, Algeria. – Outside of the oil and gas exploration are gravity and 
water-level monitoring applications at alluvial aquifer wells in southern Arizona by Pool (2008) and 
subsurface lava flow studies (4D volcano gravimetry) from Battaglia et al. (2008). Zhou (2008) published a 
theoretical study using 2D vector gravity potential and line integrals to calculate the gravity anomaly caused 
by a 2D mass of complicated geometry and spatially variable density contrast.

METHOD

Figure 1: 2D modelling of gravity data assumes infinity in y-direction (a). For the modelling 
process the irregular shaped cross-section of the geological bodies (b) need to be 
approximated by a simplified polygon (c). Image modified after Talwani et al. (1959).

Figure 4: Comparison of the results for specific observation points. The first observation point (a; x=-1000 m) is located at the flank of the anticline. The differences in gravity are close for each water saturation model. The water saturation models B and C give 
approximately the same results. A reading in gravity difference of 0.15 mgal will lead to an average water saturation of approximately 50 percent for model A, and approximately 62 percent for models B and C. In (b) the readings for observation point x=-500 is plotted. 
This point is closer to the center of the anticline. At this observation point the difference between model A and the other two models is more dramatic. But, the results of model B and C are still similar. In (c) the results of the modelling for the observation point on top of the 
anticline are plotted. In this case the difference between model A and the other two is the biggest. Models B and C are still close to each other except for the part between Sw=0.7 and Sw=0.9.
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Figure 2: For the modelling of the gravity effect of change in water saturation we assume 
three different models. In the first model the water saturation changes linearly over the 
whole reservoir rock. We have an initial water saturation of zero and then increase in all 
modelled cells the water saturation by 10 percent. The second model assumes and up-
going gas-water contact. The water saturation above the gas-water contact is set to zero, 
below the contact the saturation is set to one. The third model uses an up-going gas-water 
contact with a transition zone. This means that water saturation will change by 10 percent 
steps from bottom to top (a). For model A 10 time steps are used to reach a water saturation 
of one (b). For model B 30 time steps, and for model C 38 time steps are used (c).

Figure 3: Results for the gravity modelling for the three different water saturation models. The displayed water saturations are always 
average water saturations for the whole reservoir zone. In (a-c) the difference in gravity readings as a function of average water saturation 
are plotted. For model B and C a smaller effect in gravity reading for the center of the anticline is observable. In (d-f) the difference in gravity 
reading as a function of observation point against the average water saturation is plotted. For model A, a linear increase in gravity can be 
observed. For models B and C the gravity readings for the flanks of the anticline are more or less linear. The readings at the center of the 
anticline show a linear increase until the water saturatuin reaches approximately 70 percent. After this point a rapid increase in gravity 
difference can be observed. In (g-i) the difference in gravity is divided by the average water saturation. The division of these two is then 
plotted for each observation point. For model A this division leads to one single curve.
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