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Introduction:

In fractured reservoirs, much of the oll Is stored In low permeable matrix blocks that are
surrounded by a high permeabllity fracture network. Therefore, production from fractured
reservoir depends on the transfer between fracture and matrix, which is critically dependent on

the matrix fracture interaction and as a result on the transfer rate between matrix and fracture |

(Chahardowli et al. 2007). When a strongly or partially water-wet matrix 1s surrounded by an
Immiscible wetting phase In the fracture, spontaneous Imbibition is the most Important
production mechanism (Chahardowli et al. 2013). The dominant force In the transfer between
matrix and fracture can be either capillary forces or gravity forces (Chahardowli and Bruining
2012). Mutual solvent (diethyl ether ) could improve the ultimate recovery and the imbibition
rate In partially and completely water wet core samples. The main recovery mechanisms are
the wettability change of the partially water-wet cores and oil swelling and the oil viscosity
reduction in both partially and completely water-wet cores. (Chahardowli et al., 2013).

We derive a simplified model for imbibition of water that contains solvents that are both soluble
In water and oll can improve the recovery. We consider a cylindrical core that is initially filled
with oll. The completely water-wet core does not contain water. However the partially water-wet
core contains connate water in addition to the oil. The core Is Immersed In a water bath (Amott-
cell). Water penetrates In the core and releases some oil, which rises to the top and can be
monitored. The model consists of a two phase flow problem and includes interchange of the
solvent between the oil and the water phase. The model includes gravity and capillary effects.
The boundary conditions are pressure continuity between the boundary of the core and the fluid
surrounding the core. The model can quantify the amount of oll that Is capillarity displaced from
the core both due to imbibition and molecular diffusion.

Classical mathematical Model:

Figure 1. The process of
penetration (Countercurrent
imbibition) of diethyl ether into
an oil-filled core sample. Oil is
produced from all boundaries.

In a spontaneous imbibition of Mutual solvent in the porous 0.22 | | -®  Experimental results
media, simplified governing equations are: 1ol
00V + V. (Vor(PaVa Vo) uo(PuVa, Vo)) =0, () || ..
% atVa + V. ( VaW(Pa' Var VO) ua(Pa) Va, VO)) = 0, (2) « 0.16
S 014
V. (ua(Pa: Va, Vo) + uo(Pa; Va, Vo)) = 0. (3) :% .
Where Darcy velocities for the agqueous phase and the oleic 2 0.1+
phase are defined respectively as E o8l
ua - = Aa(VaJ I/O)(V' Pa + pa(VaJ I/O)n.g )5 (4) 0.06 -
Uy = — AoV, Vo )(V. By + V.P.(V, V) + pa(Va, V) 9)-(9) 0.047 .-
0.02 -
Implementation of dynamic effects In the
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model:

To consider the delayed imbibition in the model, we used the
concept of non-equilibrium and dynamic capillary pressure and
relative permeability effects. We formulated the extended model
that includes the dynamic constitutive relations. The improved
model is

P atqbo + V. (Voh (Pa: lpa» ¢o) Ug (Par l/)a» ¢o)) T References:
(&1 V. (at( Voh(PaJ lpai ¢o) Uy (Par ln[)a' ¢0))) — O, (6)

Figure 2. Comparison between the theoretical and experimental production
curve shows that the imbibition is occurring much faster than in the
experiment. This indicates delayed imbibition, which can in principle be
modelled using dynamic capillary pressure and relative permeability effects.
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