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Introduction

Saturation functions have a critical role in describing
the flow of hydrocarbon in porous media, production
forecasting and predicting the response of EOR
implementation [1].

In the literature, several experimental methods
have been employed to measure the flow functions,
including laboratory steady state and unsteady state
core flooding tests. Moreover, a few mathematical
techniques such as JBN and history matching were
utilized to estimate the flow function curves [2-6].
The main objective of the current study is to present
a novel piecewise model for history matching and
compare the performance of the proposed model with
Corey and Brooks-Corey empirical models. To do so,
the non-dominated sorting genetic algorithm is utilized
to find the optimum solution by simultaneously defining
the pressure drop and cumulative oil production as
objective function.

Data Preparation

The available data comprises water flooding in two core
samples including: 1) strongly water-wet 2) strongly
oil-wet [7-8]. Core sample geometry and several
rock and fluid properties (e.g., porosity, absolute
permeability, and water/oil viscosity) are reported.
The fluid was injected into the samples at the rates
of 0.36 and 2.00 cubic feet per minute, respectively.
In addition, the production history and pressure drop
were recorded during the water flooding. Moreover,
the simulation model of the core sample is depicted
in Fig. 1.
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Fig. 1 Simulation model of the core sample.

Materials and Methods
History Matching the Empirical Models

History matching technique are usually used to
estimate/reproduce the cumulative fluid production



and pressure drop data observed from the porous media
by tuning the parameters within the simulation model.
This ensures that the simulation model accurately
represents the actual behavior of the porous media [6].

Piecewise Model

Several regression and interpolation methods can be
employed to estimate the values that lie between known
data points. Piecewise method is an interpolation
technique that fits a different cubic polynomial between
each pair of data points of the curves (Equation 1).
f(S,)=aS J+bS +cS +d (1
In this equation, a, b, ¢ and d denote the local
coefficients for each interval, S, represents normalized
water saturation, and f represents the saturation
function, i.e., water/oil relative permeability and
water-oil capillary pressure.

Therefore, each interval has four local coefficients.
However, the coefficients b,c and d can be calculated
as functions of a using the following equations [7].
d,=(a-a.)S +d for i=1,2,3,...,N-1 (2)
c,~3a-a,)S +c fori=123,...,N-1 3)
b=-3(a-a.)S +b, ~ for i=N-1,..,2,1 4)
These equations can be derived and generalized to
water/oil relative permeability and oil-water capillary
pressure. Afterward, an optimization algorithm (e.g.
genetics algorithm) can be utilized to seek for the
optimum value for the model coefficients.

Multi-Objective Genetics Algorithm

Optimization process is called as a search to find the
optimum solution. Conventional single-objective
optimization problems lead to find a single optimal
solution. In addition, another branch of optimization
known as multi-objective optimization deals with the
situations in which several competing objectives must
be optimized simultaneously. Multi-objective genetics
algorithm seeks for a set of solutions called Pareto
front or Pareto set that represent trade-offs between
the conflicting objectives [9].

Results and Discussion

In this research, core flooding data for two different
cases (strongly water-wet and strongly oil-wet)
are used and history matching technique is utilized
to adjust and generate saturation function curves.
Therefore, several empirical and mathematical
models are considered and the tuning parameters of
these models are obtained using genetic optimization
algorithm. Fig. 2 shows the results of different models
after completing the history matching process for
imbibition data. As can be seen, the piece-wise model
provides a good solution in comparison with the other
models. In addition, the adjusted and generated flow
functions are represented in Fig. 3 and compared with
the experimental laboratory data.

Petroleum Research, 2024(June-July), Vol. 34, No. 135

o

&
T

w
T

A ® Experimental

' - - =Corey (single objective)

= = =Corey (multi objective)
Brooks-Corey (single objective)

——Brooks-Corey (multi objective)

i piecewise (single objective)

— piecewise (multi objective)

0 05 1 15 2 25

time (hr)

~
T

Cumulative Oil Production (cc)
:

042 ® Experimental Data
- = -Corey(Single Objective)
A - Corey(Multi Objective)
0.08 - Brooks-Corey(Single Objective)| |
b —o—Brooks-Corey(Multi Objective)
Piecewise(Single Objective)
—=—Piecewise(Multi Objective) 1

s
8
T

Pressure Drop(atm)

L
0 0.05 0.1 015 02 025
Time(hour)

Fig. 2 History matching results for the production data (left)
and pressure drop (right) using different models.
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Fig. 3 Adjusted relative permeability (left) and capillary
pressure (right) curves.

Table 1 shows the results of different models. Overall,
the results showed that the single objective optimization,
i.e.,, considering cumulative oil production as an
objective function, provides a good fit for Corey’s model
(R-squared=99.56%) and single and multi-objective
optimization lead to the best fits, respectively, with the
accuracies of 99.57% and 99.16% for piecewise model
during the imbibition process.
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Table 1 Performance of different models.

Imbibition Drainage

Single Objective Multi-Objective Single Objective Multi-Objective

mse R’ mse R mse R mse R
Corey 0.0038 0.9956 0.5390 0.9945 | 0.6795 0.9852 | 5.7109 | 0.9934
Brooks-Corey 0.0430 0.9946 0.1016 0.9926 |0.3617 0.9746 1.2090 | 0.9881
Piecewise 0.2041 0.9957 0.1484 0.9916 |0.9919 0.9932 | 0.5544 | 0.9985

Moreover, the drainage history matching results
showed that the piecewise model exhibits the best
performance employing the single objective and multi-
objective optimization algorithms with the accuracies
0f 99.32% and 99.85%, respectively.

Conclusions

In this research, history matching technique was
performed using optimization genetic algorithms to
adjust the parameters of the proposed piecewise model
based on laboratory water flooding data (pressure
drop and cumulative oil production) and the results of
core flooding simulation were compared. Afterwards,
the results were compared with those obtained using
several empirical models (i.e., Corey and Brooks-
Corey models).

The results showed that both single and multi-
objective optimization algorithms provide the best
fits, respectively, with the accuracies of 99.57% and
99.16% for the piecewise model during the imbibition
process. Moreover, the drainage history matching
results showed that the piecewise model exhibits the
best performance employing both single objective
and multi-objective optimization algorithms with
the accuracies of 99.32% and 99.85%, respectively.
Hence, we propose this model as an appropriate model
for estimating flow functions.
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