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We present a three-phase multi-scale model describing wave propagation phenomena in residual 
saturated porous media [3,4]. The dynamics of blobs/fluid clusters and the effect of capillary forces on 
attenuation and phase velocities is studied on the micro-scale and investigated in the frequency range. 
On the one hand, the model is able to describe two continuous fluid phases, and, on the other hand the 
present approach models a continuous non-wetting phase and a discontinuous wetting phase. 
Furthermore, resonance effects of single liquid bridges and/or liquid clusters are captured with 
miscellaneous eigenfrequencies taking into account a viscoelastic restoring force (pinned oscillations 
and/or sliding motion of the contact line), e.g. [2].  

The aim of the current work is to develop and discuss an extended discrete/continuous multi-scale 
modeling framework which takes into account the dynamics of statistically-distributed phases in a 
macro-scale continuum approach. It will be shown, that such a three-phase model allows studying 
non-classical frequency-dependent attenuation due to fluid oscillations and attenuation with respect to 
wave-induced flow. Furthermore, the distinct model could be applied to waves in reservoir rocks in 
the seismic range (field scale) and ultrasound range (lab scale). Furthermore, inherent length scales, 
i.e. specific surface areas of the trapped fluid phase, can be captured. Small scale experimental and/or 
numerical results can be used to fit the non-classical macro-scale parameters of the three-phase model. 
In addition to the critical frequency in Biot’s approach [1], the developed three-phase model is 
characterized by additional critical frequencies depending on the eigenfrequencies (distribution) of the 
discontinuous fluid phase. 

 

 
 

Figure 1: Micro-scale rheology of the trapped water phase  
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