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ABSTRACT

Proxy modelling which uses a number of predetermined reliable parameters due to its simplicity has been widely used for the

analysis of gas and oil field development in comparison to the traditional mathematical three-dimensional (3D) hydrodynamic mod-

els. Among the reservoir models with simplified physics the streamline simulation is favorably characterized by its visibility and

informativeness. In this work MATLAB as well as COMSOL Multiphysics modules were used for streamline simulation of flow in

porous media using known volumes of injected and produced fluid in a reservoir with known permeability and porosity for sequen-

tial waterflood treatment. The comparative analysis showed that after one month of the treatment the front of the injected water

advancement became smoother. Comparing the dynamics of the location of the lines characterizing the filtration state of the area

before and after the impact on the reservoir, it was found that the productivity of production wells depends not only on how close

they are located to the injection well, but also on the activity of the filtration zone. Based on an analysis of the preferred directions

of fluid movement after sequential waterflooding, it was determined that oil in some previously unaffected areas was also displaced
by the injected fluid. The results obtained by MATLAB and COMSOL Multiphysics modules were analyzed comparatively.
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1. Introduction

Many oil fields in the world are at a late stage of devel-
opment, which utilize secondary and tertiary treatments to
enhance oil recovery, among which waterflood systems are
the mainstay [1-3]. At each of them, in order to increase oil
production, measures are taken to improve the system of
impact on productive formations by injecting water and other
working agents [4]. Various types of analysis of the reservoir
system state under the influence of geological and technical
measures, taking into account the history of development
and field exploration, are used to select optimal methods
of impact on productive strata [5, 6]. Simulation modelling
based on the use of the laws of underground hydrodynamics
has become widespread [7-10]. When designing reservoir
stimulation using this approach, the calculation procedure
develops into a long-term process requiring updating of
numerous initial data and model adaptation to real field
conditions. Continuous permanent design does not allow
to adequately assess the current hydrodynamic state of the
productive formation and the nature of its changes under the
influence of methods of impact, carried out both zonally and
in the whole formation [11].

*E-mail: baghir.suleymanov@socar.az
http://dx.doi.org/10.5510/OGP20250201065

It requires the development of mathematical models,
express methods and algorithms, implementation of soft-
ware products, which allow the rapid solution of problems
of diagnostics of the filtration condition of the reservoir sys-
tem. These models should indicate the way to the design of
methods of impact on oil and gas fields in accordance with
the current distribution of formation fluids in the productive
formation, as well as allow to assess the actual efficiency of
the applied methods [16-18]. Many methods exist for build-
ing three-dimensional reservoir models.

The theoretical basis and results of using a fast three-di-
mensional super-element model of oil field development are
described in the papers [19, 20]. The model, by using large
computational cells - super-elements, the number of which
corresponds to the number of wells in the field, makes it pos-
sible to accelerate the calculation of two-phase filtration in an
oil reservoir hundreds of times.

The Capacitance Resistivity Model (CRM) has been devel-
oped for fields with minimal reservoir data or for small fields
that do not require a full reservoir simulation model, which
can be time consuming and costly [18, 21].

The streamline method is three dimensional (3D)
designed to model flow in porous media and accounts for
changing well conditions that result from infill drilling and
well conversions, heterogeneity, mobility effects, and grav-
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ity effects [22-26]. Streamlines represent a snapshot of the
instantaneous flow field and flow rate allocation between
injector/producer pairs that are not easily determined by
other simulation techniques [27]. In [23] the theory of the
streamline method is described and the predictions using
the streamline technique against two-dimensional numer-
ical simulations of incompressible miscible flow are com-
pared. The streamline method is more than 100 times faster
than conventional simulation.

In this context, various approaches for fast and reliable
prediction of flow dynamics under different optimization
scenarios are required for operational control and optimi-
zation of the waterflood system. In this paper, we used
MATLAB as well as COMSOL Multiphysics modules for
streamline simulation of flow in porous media using known
volumes of injected and produced fluid in a reservoir with
known permeability and porosity for sequential waterflood
treatment of this reservoir. The results obtained by these two
approaches were analyzed comparatively.

2. Methods

2.1 Express monitoring using MATLAB

The proposed method of diagnostics is based on the use
of elements of the theory of complex potential functions. The
subject of diagnostics can be both the productive reservoir
of the field as a whole, which is a complex, highly organized
dynamic system, and its individual components - zones of the
productive horizon within a block, group of wells or drainage
zones of individual wells.

The basic principles of hydrodynamic express-monitoring
used to analyze the hydrodynamic state of the reservoir sys-
tem in the studied area of the productive horizon by applying
the methods of the theory of complex potential functions,
taking into account the interference of wells, are described
in [28-30].

The following summarizes the algorithm that allows to
calculate for each grid cell in the investigated field zone the
values of the current and potential functions F, and F, the
characteristic flow function or complex potential F, the filtra-
tion rate modulus W, and the gradient of the function F(x, y).
Injection wells are taken as sources (flow rate<0), and pro-
duction wells as sinks (flow rate>0). The problem is solved
in Cartesian (x;, yx) and polar coordinates (r, ¢):

Zi=Xp i Y =T e (1)
The expression for the complex potential has the form:
F=F,+i-F, (2)

According to the principle of superposition to simultane-
ously operating in the reservoir drains and sources:

n K |
F= ZZZ Toin(rk ), E=YY Y10, @)
lkl]] - lk:l]:]z T
Filtration rate modulus:
K ] )
W= ar| q; ’ )
dz T k=l jo1 777’1(kr])
Function gradient F(x, y):
grad(F)=(dF(x, y)/dx)-i,+(dF(x,y)/dy) ], ()

where: z; and x;, yx—respectively, complex and real coordi-
nates of a well; g, ¢ —respectively, the distance from the well

56

to the origin of coordinates and polar angle; k=1, ...n —the
number of wells in the considered area, gy, F;, F,—respective-
ly, the flow rate of a well, filtration rate potential and fluid
flow rate per unit cross-section of the formation (i.e., per 1
m of filter);

The above hydrodynamic characteristics are determined
in accordance with the principle of superposition to simulta-
neously operating in the reservoir drains and sources and at
time t will be defined as matrices of the form:

(F'u (F)v (B (B
F=| .. .. .. E= .. . U

(Fl[)m,l (Fll)m/n (FZt)m,l (FZI)m,n

(Wl)l,l (W[)l,n

W= .. e
W W,
(grad(F")),, (grad(F")),,,

grad(F') = (6)

(grad(F")),., (grad(F")),,,.

The calculation using the above formulas for each cell of
the investigated area with a large number of wells represents
a certain complexity. This is the reason why the described
methods are not very popular with their high accuracy of the
result and practicality of application. On the basis of the pre-
sented formulas an original algorithm was developed, which
combines in one whole the determination of hydrodynamic
parameters of formation fluids in the considered area. In
order to obtain accurate results, the procedure of automation
of calculation and visualization of values of current, poten-
tial, filtration velocity functions and their gradients in the
area with an arbitrary number of interacting wells is used.
For realization of this procedure the system of engineering
and scientific calculations MATLAB is used [31].

As a result of calculations on MATLAB, maps of the
filtration field characteristics are obtained, which determine
the current localization, velocity and direction of filtration
flow propagation along the strike of the investigated area.
Standard data for each well operating at the site are used
for the calculations: current flow rate of producing wells by
liquids (oil and water), tons/day; current injection volume
into injection wells, m?/day; conditional coordinates of well
location, m; well filter thickness, m; the densities of produced
oil, water and injected liquid kg/m?; are specified accordingly.
The data on well flow rates and injection volumes should cor-
respond to each other according to the date of measurement.

For each grid cell of the study area partitioning, numerical
calculation of the total values of the functions F', F;, F' and
W' is performed sequentially. Then, maps of distribution of
current lines, equipotential, filtration rate and their gradients
are plotted.

The reliability of the developed methodology is con-
firmed by the data obtained in laboratory-experimental stud-
ies of oil displacement on a physical reservoir model and in
field conditions with tracer studies [32].

The presented methodology has been successfully tested
several times for operative estimation of the current state of
the productive formation at zonal impact on the formation
in order to increase oil recovery at such onshore and off-
shore fields of Azerbaijan as Balakhany-Sabunchu-Romani,
Pirralahi, Oil Stones, Gunashli [32].
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2.2. Proxy modeling based on COMSOL Multiphysics

Reservoir models with simplified physics are required to
quickly and reliably predict the flow dynamics for different
optimization scenarios for the operational control and opti-
mization of a waterflood system. Recently, proxy modelling
has been increasingly used for the analysis of gas and oil field
development in comparison to the traditional mathematical
3D hydrodynamic models [11-17, 33]. It is a simplified meth-
od which uses a number of predetermined reliable param-
eters. These include super-element models [19,20], CRM
(Capacity-Resistance Model) [21, 34], streamlines [22, 35] and
displacement characteristics [36] etc.

To model the pressure distribution pattern in the near-sur-
face zone of a reservoir during waterflooding, we can apply
software modules developed in the COMSOL Multiphysics
software environment using known volumes of injected and
produced fluid in a reservoir with known permeability and
porosity before and after treatment of this reservoir. This
approach is simple and quickly leads to results that are in
satisfactory agreement with experimental results. Based on the
results obtained, the future performance fate of the wells under
study can be easily predicted. Below are the basic principles of
mathematical modeling used in COMSOL Multiphysics.

Hydrodynamics of fluid flow in Darcian porous media
when oil is displaced by water in a set of wells is modeled
using Darcy’s law (dl). Darcy’s law is a simulation of the fluid
flow through a porous medium, where the pressure gradient
is the dominant force. This is useful for modelling laminar
flows through a porous media where the permeabilities
and porosities are very small, and flow is mainly influenced
by pore friction. The main feature is the Fluid and Matrix
Properties node. This provides an interface for defining the
fluid material together with the porous medium properties.
For the simulation, a rectangular region of length L and width
W was selected, within which two injection wells and 14 pro-
duction wells were located (table 1). In this model we used
as the displacing fluid water of viscosity u; and density p;,
and as production fluid oil of viscosity u, and density p,. The
governing equations are the equation of continuity - conser-
vation of mass, and the equation of motion for fluid velocity
- conservation of momentum.

The velocity field is determined by the pressure gradient
(Vp), the viscosity of the fluid (1) and the structure of the
porous medium via permeability (K), according to Darcy’s
law [37, 38]:

Vou=0 )
u=-Svp ®)
U

where u=(u,v) and pu are the Darcy-velocity.
The Darcy’s Law interface combines Darcy’s law with the
continuity equation,

ope,
ot

where p is the fluid density, ¢, is the porosity, and Q, is
a mass source. Porosity is defined as the fraction of the con-
trol volume that is occupied by pores. Thus, the porosity can
vary from zero for pure solid regions to unity for domains of
free flow.

+V-(pu):Qm )

3. Result discussion

Analysis of the current state of the reservoir system is
carried out on the example of the data obtained during the
assessment of sequential waterflooding on the productive
layer of Gunashli field for the period 01.08.2023-01.09.2023.
16 wells, including 2 injection wells, were operated in the
study area during the period. Based on the information
about the productivity of the production and injection wells
operating in the period under consideration for the study
area (table 1), the maps of pressure distribution in injection
and production wells and streamlines for reservoir fluid,
obtained by MATLAB and COMSOL Multiphysics modules
(fig. 1 and 2) were constructed.

As an example of using the Express monitoring on
MATLAB we present the results obtained when assessing
the sequential waterflooding impact on the reservoir of the
Gunashli field. Figure 1 shows maps of the distribution of
various hydrodynamic characteristics at 01.08.2023 (a) and
the same characteristics a month later (b). Changes in the
localization, density and color of the lines allow decisions to
be made about the results of the impact and the feasibility of
its continuation.

Based on the analysis of the distributions obtained, it was
found that the productivity of production wells depends not
only on how close they are to the injection well, but also on
the activity of the filtration zone in which they operate. It
may happen that the well is located in a zone with relatively
low activity, but high values and a favorable direction of the
gradient of a particular filtration characteristic allow predict-

a)

=

Fig. 1. Distribution of streamlines at the Gunashli field obtained from the MATHLAB modelling:
a) at 01.08.2023; b) — a month later

b)
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ing an increase in well production rate. On the other hand,
high activity of the filtration process, directly in the zone of
influence of the producing well, together with a high value
of the gradient and the direction of flow to the well location,
serves as an unfavorable factor, as all this contributes to the
process of active transfer of mechanical impurities to the bot-
tom of the well, the creation of sand plugs and damage to the
perforation zone of the well. In such cases, it is necessary to
consider the optimal well operation mode before stimulating
the reservoir.

Considering the dynamics of the current function F; and
its gradient at the beginning of flooding, it was revealed that
water injection carried out at the site has a heterogeneous
character. The main mass of water goes to the zone of the
field where relatively few wells are located (red lines), which
contributes to watering of their production. The main mass of
wells is located in the inactive zone (blue lines). If we assume
that the optimal impact on the wells is characteristic of the
zones with green and yellow lines, we can conclude that the
conducted water injection does not meet expectations. The
dynamics of equipotential lines shows that at the beginning
of flooding the localization zone of most wells has a relatively
high potential (the color spectrum of the lines changes from
yellow to red). In order to realize this potential, it is necessary
to apply methods of impact on the reservoir, equalizing the
front of the injected water advancement. Analysis of the map
of filtration velocity distribution in the formation showed
low values of fluid advance velocity (fig. 1a), which means
that a long period of time is required for effective stimula-
tion of the formation. One month after the impact, a second
rapid monitoring was carried out (fig. 1b). The comparative
analysis showed that after one month the front of the injected
water advancement became smoother, but the hydrodynamic
activity of the site decreased.

The parameters used in the COMSOL Multiphysics simu-
lations are shown in table 1 and table 2.

Extremely fine free triangular mesh of fluid dynamics is
used for discretization of the domain. This meshing provides
perturbation of triangular type at the interface.

The streamlines and pressure distribution in the reservoir
section where the injection and production wells are located
obtained from the COMSOL Multiphysics modelling at the
Gunashli field at 01.08.2023 (a) and one month later (b) are
shown in figure 2. As can be seen, the pressure in the pro-

Table 1
Mass flow rate for injection and
production wells
Well Mass flow rate (M), kg/s Well type
number | g7 08.2023 01.09.2023
85 76.33 76.33 Injection
89 131.435 131.435 -
160 27.49 27.74 Production
186 52.62 51.04 -
188 18.2 19.01 -
190 25.56 26.46 -
220 10.81 11.85 -
330 14.51 11.22 -
331 16.05 18.5 -
332 10.86 9.43 -
333 23.07 21.17 -
334 4.25 0 -
335 12.4 10.83 -
336 19.84 18.22 -
337 13.53 13.13 -
340 22.1 23.63 -
Table 2
Lists of parameters
Length of domain (L), m 1650
Width of domain (W), m 1300
Well diameter (d.,), m 0.1
Line mass source (No), kg/(m.s) 35
Inward mass flux (N), kg/(m?*s) 0.04
Porosity of porous matrix (¢) 0.05
Permeability of porous matrix (k), m? 0.54-10°
Injection fluid’s dynamic viscosity (), Pa-s 0.001
Injection fluid’s density (p1), kg/m? 1000
Production fluid’s dynamic viscosity (i), Pa-s 0.01
Production fluid’s density (p,), kg/m? 800
a)

angie (el

1200 ) 1600

w00 1060
fogi0iFrequency]

Fig. 2. Distribution of streamlines at the Gunashli field obtained from the COMSOL Multiphysics modelling;:
a) at 01.08.2023; b) — a month later
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duction wells depends strongly on the distance between the
injection and production wells, as well as on the permeability
of the reservoir. The figure also shows that longer waterflood
treatment leads to a flattening of the displacement front. The
decrease in the pressure difference between the injection and
production wells at the same injection rate shows that the
permeability of the corresponding wells increased one month
after waterflooding according to Darsy’s law. The preferred
directions of fluid flow also change after longer waterflood
treatments. This means that after longer treatment, oil in

some previously unaffected areas is also displaced by the
injected fluid.

The proposed methods of calculation and visualization of
various indicators characterizing the hydrodynamic state of
the reservoir system can be used both independently and in
combination, complementing each other. Note that compared
to MATLAB, modeling in COMSOL Multiphysics is simple
and quickly produces results that are in satisfactory agree-
ment with experimental results. The results can be used to
predict the future performance of the well.

Conclusions

1. MATLAB and COMSOL Multiphysics modules were used to predict reservoir flow dynamics during
sequential waterflood treatment. The use of the proposed approaches provides certain advantages for
rapid analysis of fluid distribution in the reservoir at the impact area. There is no need for in-depth
analysis of reservoir properties of rocks and simulation geological and hydrodynamic modeling. Maps
of filtration field characteristics were obtained, which determine the current localization, velocity and
direction of filtration flows along the strike of the investigated area.

2. Comparing the kinetics of the location of lines characterizing the state of filtration during waterflood-
ing, it was concluded that the productivity of production wells depends not only on how close they

are located to the injection well, but also on the activity of the filtration zone in which they operate.

3. The dynamics of equipotential lines in the pilot area of Gunashli field shows that at the beginning
of flooding the localization zone of most wells has a relatively high potential. In order to realize this
potential, it is necessary to use methods of stimulation of the reservoir to equalize the front of the inject-

ed water advance. Analysis of the map of filtration velocity distribution in the reservoir also showed

low values of fluid velocity, which means that a long period of time is required for effective stimulation
of the reservoir. One month after flooding, repeated rapid monitoring showed that the injection water

advancement front became smoother.

4.  The COMSOL Multiphysics simulations also show that longer waterflood treatments result in a flat-
tening of the displacement front. The permeability of most wells increases after a long stimulation at

constant injection rates.

5. The change in preferred directions of fluid flow after longer waterflood treatments shows that oil in
some previously unaffected zones is also displaced by the injected fluid.

6. Modeling in COMSOL Multiphysics compared to MATLAB is simple and quickly leads to results that
are in satisfactory agreement with experimental results. Based on the results obtained, it is easy to
predict the future performance fate of the wells under study.

References

1. Babadagli, T. (2007). Development of mature oil fields — A review. Journal of Petroleum Science and Engineering, 57(3—4),

221-246.

2. Liu, Z.-X., Liang, Y., Wang, Q., et al. (2020). Status and progress of worldwide EOR field applications. Journal of

Petroleum Science and Engineering, 193, 107449.

3. Suleimanov, B. A., Abbasov, H. F. (2022). Enhanced oil recovery mechanism with nanofluid injection. SOCAR

Proceedings, 3, 28-37.

4. Veliyev, E. F. (2021). Softened water application to improve micellar flooding performance. Scientific Petroleum, 2, 52-56.

5. Jamalbayov, M. A., Ibrahimov, Kh. M. (2023). New waterflooding efficiency evaluation method (on the example of 9th

horizon of the Guneshli field). Scientific Petroleum, 1, 43-47.

6. Suleimanov, B. A., Feyzullayev, Kh. A. (2024). Simulation study of water shut-off treatment for heterogeneous layered

oil reservoirs. Journal of Dispersion Science and Technology. Published online: 16 Apr.
7. Jamalbayov, M. A., Ibrahimov, K., Alizadeh, N. A. (2023). Mathematical model of the hydrocarbon displacement pro-
cess by water in zonally heterogeneous deformable reservoirs. Scientific Petroleum, 2, 48-56.

8. Mukhametshin, V. Sh. (2025). Elimination of uncertainties in the selection of parameters for assessing the impact on

the bottomhole zone. SOCAR Proceedings, 4, 111-116.

9. Liang, Q., Chen, K., Hou, J., et al. (2016). Hydrodynamic modelling of flow impact on structures under extreme flow

conditions. Journal of Hydrodynamics, 28, 267-274.

10. Abdullayev, V. J., Gamzaev, Kh. M. (2025). A method for computing the pressure distribution in the elastic mode of

single-well formation development. SOCAR Proceedings, 2, 80-84.

59



B. A. Suleimanov et al. / SOCAR Proceedings No.2 (2025) 055-060

11. Bekman, A. D., Ruchkin, A. A. (2024). Method for assessing well interference at under-gas cap zone using CRM
material balance model. Tyumen State University Herald. Physical and Mathematical Modeling. Oil, Gas, Energy, 10(1), 155-173.

12. Abdullayev, V. ], Veliyev, R. G., Ryabov, S. S, et al. (2023). Application of gel systems for wa-ter shut-off on
Uzbekistan oil fields. SOCAR Proceedings, 1, 68-73.

13. Abdullayev, V. ]., Alieva, N. T., Gamzaeva, N. K,, et al. (2022). About one model of infiltration of oil and petroleum
products into the ground during their spills. SOCAR Proceedings, SI2, 72-77.

14. Abdullayev, V. ]., Gamzaev, Kh. M. (2022). Numerical method for determining the coefficient of hydraulic resistance
two-phase flow in a gas lift well. SOCAR Proceedings, 1, 56-60.

15. Aliev, F. A., Aliev, N. A., Hajiyeva, N. S,, et al. (2021). Solution of an oscillatory system with fractional derivative
including to equations of motion and to nonlocal boundary conditions. SOCAR Proceedings, 4, 115-121.

16. Kosyakov, V. P., Musakaev, E. N., Gaidamak, L. V. (2022). Application of proxy modelling tools for estimation of
useful injection coefficient for an oil field. Tyumen State University Herald. Physical and Mathematical Modeling. Oil, Gas, Energy,
8(3), 85-105.

17. Holanda, R. W., Gildin, E., Jensen, J. L. (2015). Improved waterflood analysis using the capacitance-resistance
model within a control systems framework. SPE-177106-MS. In: The SPE Latin American and Caribbean Petroleum Engineering
Conference, Quito, Ecuador.

18. Suleimanov, B. A. (1997). Slip effect during filtration of gassed liquid. Colloid Journal, 59(6), 749-753.

19. Mazo, A., Potashev, K., Kalinin, E. (2015). Petroleum reservoir simulation using super element method. Procedia Earth
and Planetary Science, 15, 482-487.

20. Mazo, A. B., Potashev K. A. (2020). Superelements. Modeling the development of oil fields. Moscow: INFRA-M.

21. Alghamdi, A., Hiba, M., Aly, M., et al. (2021). Critical review of capacitance-resistance models. SPE-206555-MS. In:
The SPE Russian Petroleum Technology Conference, Virtual.

22. Batycky, R. P., Blunt, M. J., Thiele, M. R. (1997). A 3D field-scale streamline-based reservoir simulator. SPE Reservoir
Engineering, 12, 246-254.

23. Blunt, M. J., Liu, K., Thiele, M. R. (1996). A generalized streamline method to predict reservoir flow. Petroleum
Geoscience, 2(3), 259-269.

24. Suleimanov, B. A., Rzayeva, S. C., Akhmedova, U. T. (2021). Self-gasified biosystems for enhanced oil recovery.
International Journal of Modern Physics B, 35(27), 2150274.

25. Ibrahimov, Kh. M., Huseynova, N. L, Hajiyev, A. A. (2021). Development of new controlling methods for the impact
on the productive formation for «Neft Dashlary» oilfield. Scientific Petroleum, 1, 37-42.

26. Suleimanov, B. A. (2011). Mechanism of slip effect in gassed liquid flow. Colloid Journal, 73(6), 846-855.

27. (2015). Streamline simulation. https://petrowiki.spe.org/Streamline_simulation#cite_note-r6-6.

28. Basniev, K. S., Vlasov, A. M., Kochina, I. N,, et al. (1986). Underground hydraulics. Moscow: Nedra.

29. Datta-Gupta, A., King, M. J. (2007). Streamline simulation: theory and practice. Society of Petroleum Engineers.

30. Huseynova, N. 1. (2017). Hydrodynamic express monitoring of zonal impact on productive reservoirs of oil fields
taking into account well interference. Petroleum Engineering, 15(3), 41-46.

31. Hunt, B. R, Lipsman, R. L., Rosenberg, J. M. (2008). A guide to Matlab for beginners and experienced users. United
Kingdom: University of Cambridge.

32. Ibrahimov, Kh. M., Guseynova, N. I, Abdullayeva, F. Y. (2017). Experience of microbial enhanced oil recovery meth-
ods at Azerbaijan fields. Petroleum Science and Technology, 35(18), 1822-1830.

33. Holanda, R. W., Gildin, E., Jensen J. L., et al. (2018). A state-of-the-art literature review on capacitance resistance
models for reservoir characterization and performance forecasting. Energies, 11, 3368.

34. Sayarpour, M., Zuluaga, E., Kabir, C. S, et al. (2009). The use of capacitance resistance models for rapid estimation of
waterflood performance and optimization. Journal of Petroleum Science and Engineering, 69, 227-238.

35. Potashev, K. A., Akhundov, R. R., Mazo, A. B. (2022). Calculation of fluid flows between wells in the filtration model
of oil reservoir development using streamlines. Georesources, 24(1), 27-35.

36. Kong, B., Chen, S., Chen, Z,, et al. (2020). Bayesian probabilistic dualflow-regime decline curve analysis for complex
production profile evaluation. Journal of Petroleum Science and Engineering, 195, 107623.

37. Darcy, H. (1856). Les fontaines publiques de la ville de Dijon- Les principes a suivre et les for-mules a employer dans
les distribution d’eau. Paris: Voctor Dalmont.

38. Neild, D. A., Bejan, A. (1992). Convection in porous media. Berlin: Springer-Verlag.

60




