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Introduction
Study of seismic attenuation in fractured porous media for the purpose of hydrocarbon reservoirs localization is the popular topic of modern geophysical research. One of the crucial attenuation mechanisms affecting the attenuation of a seismic wave is a wave-induced fluid flow (WIFF). WIFF occurs due to wave propagation in porous heterogeneous media saturated with fluid. In fractured porous media such flow appears between the background rock and fracture-filling material (fracture-to-background WIFF) as well as within connected fractures (fracture-to-fracture WIFF). Each type of WIFF depends on different media properties and the dominant frequency of propagating wave. Study of the second type WIFF involves the investigation of the fracture connectivity effect on frequency-dependent wave attenuation within seismoacoustic frequency range. Recent studies of this phenomena include theoretical investigation (Guo et al., 2017) and numerical analysis via quasi-static modeling (Rubino et al., 2014) and wave propagation modeling (Novikov et al., 2017). However, previous analysis of connectivity effect is usually limited by simple models with pairs of intersected fractures. In present study we continue previous investigations applying more complex fractured models with stronger fracture connectivity.
Discrete fracture network
For further analysis of fracture connectivity effect on seismic attenuation we generate a set of fractured models with different degree of connectivity using simulated annealing approach. Given connectivity is achieved through percolation probability in the objective function. Starting fractured model is presented by a two sets of uniformly distributed aligned fractures, which are parallel to x- and z-axis correspondingly. Single fracture size is 30 x 4 mm. After that simulated annealing is applied to modify the models so percolation probability at given distance is increasing. In total, we generated 10 realisations of each of 6 connectivity stages.
To get detailed information about geometrical structure for generated models we perform further statistical analysis. First we use numerical geometry algorithms to obtain medial axis for fracture system and divide it into separate simple polygonal chains (we call them “branches”). Then several geometrical parameters are averaged with respect to realisations and estimated as function of the branch orientation for different connectivity stages. Results show, that although the most branches are oriented as single fractures, the longest branches oriented at +45/-45 degrees to the horizontal axis, and the maximal length of the branches increases with percolation increase. 
Wave propagation modelling
Generated fractured media models were used for numerical modelling of wave propagation in porous media, governed by Biot equations. We consider plane P-wave propagation in the rectangular domain with fractured layer. We vary the central frequency of the signal, so that we consider the range of frequencies from 1 to 10 kHz. 
Results
Sets of numerical experiments were performed to estimate seismic attenuation in dependence on fracture connectivity degree. For first set of experiments, we consider fractured domains with permeable background to allow the fluid flow between the fractures and the background. Fluid, fracture material and background rock properties are the same as used in (Novikov et al., 2017) except of permeability which is 10-13 m2 for background and 10-9 m2 for material in fractures. Data recorded at the receiver lines was used to apply the spectral ratio technique for the estimation of frequency-dependent attenuation of the propagating wave. Resulting attenuation demonstrated in Figure 1 shows significant dependence of the percolation length, especially at low connectivity stages. Theoretical scattering attenuation estimations also shown in Figure 1 illustrate that at high frequencies the total attenuation trend is defined by the scattering. Second set of numerical experiments involve very low permeable background and two models of fracture-filling material simulating dolomite before and after CO2 sequestration. Partial dissolution due to sequestration increases the permeability of the fracture-filling material and make it softer, i.e. reduce elastic constants of the model. Estimations analogous to ones from the first experiments set are shown in Figure 1. We can see that although the attenuation increases after CO2 saturation, avoiding FB-WIFF by almost not permeable background makes attenuation negligible. Moreover, we can note that in the absence of FB-WIFF we observe almost no attenuation dependence on the fracture connectivity. Thus we can conclude that there is still no global FF-WIFF, and this phenomena is defined by only local connectivity.
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Figure 1: Attenuation estimations for the case of highly permeable background (left) and the case of CO2 sequestration (right). Different colours demonstrate different connectivity stages, where percolation length increases in the following order: pink, yellow, red, green, blue, black. Bold lines with triangles show averaged estimations, thin lines show results for each realisation. Dashed lines show theoretical estimation of scattering attenuation.
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