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Oil clusters recovery during the the drainage of two-dimensional porous media after the percolation. H. Bodiguela , C. Cottina , M. Romanoa , M. Chaberta , A. Colina a Laboratory



of the Future, CNRS UMR 5258, Universit´ e Bordeaux 1, Rhodia - 178 av. Dr Schweitzer, 33600 Pessac, France



Key words: Biphasic flows, Microfluidics, Drainage The invasion of a saturated porous media with an immiscible fluid has been successfully described thanks to the concepts of invasion-percolation theories. At low capillary numbers Ca, capillary fingering is observed, leading to trapped clusters of the fluid initially in place. The size and the quantity of the remaining clusters has been shown to depend strongly on the capillary number at which the invasion is achieved[1]. The trapping argument is rather simple : due to pore size heterogeneity and surface geometry, the curvature of the interface along the cluster could adjust and thus compensate the pressure gradient due to the flow. However, when increasing the capillary number, one may displace some of the clusters initially trapped. This process is the basics of the so-called tertiary recovery in petroleum ingeenering. After a secondary recovery obtained with the dranage of the reservoir using water, the flooding is performed using some surfactant or polymer solutions. In this work, we take advantage of microfluidics to do some experiments in well defined hydrophobic model porous media, that are etched in glass and silanised. Our aim is to quantify the sweeping efficiency and the underlying mechanisms when increasing progressively the capillary number after a first sweeping at very low Ca (10−7 ). Two types of geometry are considered. The first one has a rather sharp and uncorrelated pore size distribution (10%) while the second one exhibit a bimodal distribution strongly correlated in order to control the size of the trapped clusters. 1. Uncorrelated micromodels These micromodels consist in a square lattice with channels having an heterogeneous width (typical dimensions 40µm). They are filled with dodecane and then flooded with water at fixed flow rate. The capillary number Ca is defined as Q/N Σ, where Q is the flow rate, N is the number of channels and Σ is their cross section. After a first sweeping at Ca ∼ 10−7 , the flow rate is increased progressively. Using image analysis, the oil saturation, the relative permeability and the size distribution of the oil clusters are measured. Figure 1 shows an example of these experiments. The two images compare a direct invasion to a drainage obtained when increasing progressively the flow rate. It can be seen that the oil saturation strongly depends of the flow history; the sweeping efficiency is much less in the increasing flow rate protocol. Figure 1 also displays the water saturation as a function of Ca for this protocol. Rather high values of Ca are necessary to reach high values of Sw . However, it increases typically during 3 decades. The relative permeability measurements follow the same trend. Cluster size analysis reveals that it is the biggest clusters that are first untrapped and divided into clusters of small sizes. 2. Micromodels with a correlated bimodal distribution of pore sizes In this second types of micromodels, we use a superposition of two networks of randomly orientated channels, where the mean distance l between nodes is fixed. One of the network has a higher channel height than the other (ratio from 1.5 to 7), so that this network is invaded by the non wetting fluid (water) at low Ca while the small one remains saturated with oil. As could be seen in Figure 2, the oil clusters trapped in the small network are defined by the big network geometry. When increasing the
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Figure 1: Left: image of the uncorrelated micromodel after a direct drainage at Ca = 4.7 × 10−6 (water appears in dark). Middle: image in the same micromodel obtained after a first drainage at Ca = 4.7 × 10−7 followed by second one at Ca = 4.7 × 10−6 . Right: Normalized water saturation increment (Sw − Swi )/(1 − Swi ) where Swi is the residual water saturation after the first drainage at Ca = 4.7 × 10−7 , for various viscosity ratii M = ηw /ηo .



flow rate, we observe the sweeping of these clusters. In constrat with the uncorrelated micromodels, this sweeping occurs in a very narrow range of Ca, as shown in Figure 3, where the water saturation of the small network is plotted as a function of the increasing Ca. The different curves display correspond to different micromodels for which the height of the big channels has been varied (see legend). The capillary number at which the sharp transition occurs greatly depends on this height, and varies over 3-4 decades. These results are accounted by a simple model which balances the viscous pressure drop along a cluster and the capillary pressure. water
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Figure 2: Images of a bimodal micromodel used. Drainage experiments are carried out using a central injection at increasing flow rates. The invading fluid (water) appears in dark. On the right, magnified images reveal a progressive invasion of the small network.
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Figure 3: Water saturation in the small network measured during the steady state as a function of Ca, in 4 different devices. The small network is the same for all the devices (9 µm height) while the heights of the big one are the following: 15 µm (squares), 28 µm (triangles), 33 µm (circles), 65 µm (diamonds). The full symbols correspond to experiments made using water, the open ones to aqueous solutions of Sasol Alfoterra 167 at 0.5% and the grey symbols to aqueous solutions of Rhodia Rhodacal A246L at 1%.
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