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UPSCALING OF PHASE PERMEABILITY IN HYDRODYNAMIC MODELS

Cognition of the world around us is one of the nsghificant parts of our life.
When a man looked at the stars, he tried to uraistsstructure of the Universe. But
how can we learn something that is situated m#lioh miles away? Mathematics is
only helper in this hard work. With mathematicaldeband pure calculations we can
get the results which need expensive and bulkypagemt. But any model is only
view from some side of an initial effect or objethat is why there is no limit for

improvement of mathematical research “tools”.

The hydrodynamic modeling is an important parthe tnodern projection of
development of oil and gas fields. Oil and gas d&pan most cases lie on depths
where any research is connected with complex ecmpnBut in the basis of any
research we can find mathematical models. For ebkgnag model of an infinite
reservoir lies in the basis of analyses of welwfleests. That is why in the
hydrodynamic model we have to choose initial infation very carefully, because
exactly parameters may be not true.

The mathematical modeling plays very important mlthe development of oil
and gas fields. A natural reservoir is a contindgsamical system in mathematical
mean, that is system with continues changing tithewe want make some
calculations we have to discretizate the origir@aitmues dynamical system that is

means we must go to a discrete in time and in spgoamical system (fig. 1).



Parameters like a permeability, a phase permeglalinet-to-gross parameter and a
porosity should be recalculated.
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Figure 1. Scheme of discretization of natural reservoir

The permeability in fluid mechanics and the eadiersces is a measure of the
ability of a porous material (often, a rock or unsolidated material) to allow fluids
(water, oil, gas) to pass through it. The term ledadute permeability states that the
permeability value is a function of the materialsture only (and not of the fluid).
In multiphase flow in porous media, the phase pafitigy of a phase is a measure of
the effective permeability of that phase. It carvimved as an adaptation of Darcy's

law to multiphase flow:

k
q, =——0P,, f = oil, water
H;

The phase relative permeability is the ratio of phase permeability of that phase to
the absolute permeability [1].



The phase relative permeability is an inseparaate gf hydrodynamic model.
We can obtain two-phase relative permeability csiri®@m results of laboratory
experiments on a core. But scale of pores and ¢bge2) is not comparable with a
size of cell in geologic or hydrodynamic model @@ meters in horizontal plane).

That is why one experiment is not absolute trumathematical modeling.
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Figure 2. Scales of different objects

The laboratory experiments on a core can givepma size distribution. If we
use percolation theory, we can model flow of fluidsmicroscale. Averaging of
different numerical experiments give opportunity dalculate the phase relative
permeability for current pore size distribution.this context a percolation model is a
random net of small capillaries (fig. 3), where sadve equations of flow. For more
information of this calculation methods of phasatree permeability from pore size

distribution one may read [4], [5].
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Figure 3. Satistical analysis of pore size distribution

The results of statistical averaging of all possipercolation models give us
some relative permeability curves, where we try take into account all
iInhomogeneity of natural reservoirs. The goal oblggic model is taking into
account parameters of macroscale. But for forecasulations this model is very
difficult for fast calculations. That is why a grof geologic model coarsens. For
saving quantitative character of two-phase flowhwvtite transition from the geologic
model to the hydrodynamic model we must carry tgloan upscaling phase and
absolute permeability. Modeling of flow into segarbydrodynamic cells with taking
into account geologic grid and parameters and wditferent gradients of pressure
and saturation (fig. 4) can give an opportunitgéd data for Darcy’s law — the rate of
different phases (water, oil, gas). These resutes @wsed in the calculation of
permeability. This method of the upscaling of thage relative permeability in basis
of multiphase flow is called «method of Kyte andige [2], [3].
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Figure 4. Scheme of upscaling of phase permeability with transition from geologic to
hydrodynamic model

This way of themodeling tw-phase flowmmay give some successful result
a history matching of hydrodynamic mos:

» the calculation fronthe pore scale give opportunity to consi the relative
permeability for farcies of (ologic models without wgraling
* the upcaling relative permeability frc the geologic model t the

hydrodynamic model saves t-phase flow character.

The hstory matching means correction of initial datemodel for goal of increasir
accuracy of calculated parameters (rates, wat@¢mgtit compare t a history data of
wells. Correct history matching gives correct and inforfoaécast calculatics. This
information may plays role 1 the last step to someesy important decision a

strategy of the deslopment of oil and gas file
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