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Abstract

One of the major and important problems in the production of oil and gas from reservoirs is unwanted
water production. Fluids tend to flow through highly permeable areas. The problem of water
production is very acute, especially in reservoirs with active aquifers. Furthermore, this problem in oil
wells not only increases the cost of separating water from oil and the cost of repairing and maintaining
surface equipment but also causes oil production to stop in much worse cases. Due to the current
conditions of some oil production wells, the problem of water production will increase in the future.
Therefore, studying the factors effective on water coning and finding ways to manage and control it is
one of the main objectives of this research. In this regard, by simulating an oil reservoir located in the
south of Iran that has a water production problem, the field model is simulated with the help of
reservoir simulation software, ECLIPSE. First, the phenomenon of water coning and its effective
factors in the oil reservoir are investigated, and then, to better investigate the factors affecting the
coning phenomenon, sensitivity analysis is performed on various parameters. The following results
were obtained according to the simulation: 1) As the density of oil increases, the phenomenon of water
coning occurs faster, 2) Increasing the thickness of the oil permeable zone is an important factor in
preventing the occurrence of the phenomenon of coning, 3) With the increase of oil production flow
rate, the time of occurrence of water coning phenomenon decreases, 4) The time of occurrence of this
phenomenon strongly depends on the vertical permeability of the reservoir, and 5) In presence of a
fracture, the probability of rapid occurrence of the coning phenomenon is much greater.
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produced with the oil. Water production is
one of the chief problems in the production
of oil and gas from reservoirs. Fluids have
a high tendency to flow through areas that

1- Introduction

In most oil and gas reservoirs, as the
production continues, the water and gas
existing in the aquifer and the gas cap
move towards the wellbore in the shape of
a cone because of the disruption of the
balance between gravitational, capillary,

have high permeability. The existence of
these areas is completely common due to
the natural heterogeneity of reservoirs,

and viscous forces. As a result of this, which also plays a key role in water coning

water and gas will simultaneously be (Fig. 1) [1-3].
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Fig. 1 A sketch of the water coning phenomenon in
an oil reservoir [1].

As can be observed in Figs. 1 and 2, the
coning phenomenon in oil and gas
reservoirs mostly occurs by water and gas
cap drive; water and gas enter the wellbore
from the bottom and top sections of the
perforated area, causing problems in the
well, the reservoir, and the wellhead
facilities. If a well faces this problem, its
production will be impacted and
production costs will rise; and the useful
life and the production of the well will
decrease [4]. What causes the coning
phenomenon is the additional pressure
gradient that exists in the wellbore. This
additional pressure gradient can be the
result of producing flow rates higher than
the critical flow rate, leading to a rise in
oil-water contact (OWC) level and a
decline in gas-oil contact (GOC) level
towards the perforated area. A potent
aquifer and high vertical permeability can
also further contribute to the coning
phenomenon [5].

Coning is one of the most common
problems in hydrocarbon production from
reservoirs of Iran, particularly fractured
reservoirs. The negative effects of this
problem can be countered via several
methods, such as the reduction of

production flow rate, relocation of
production interval, well shut off, drilling
horizontal wells, dual well completion, and
using polymer gels [6-8].
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Fig. 2 A 3D sketch of the water coning
phenomenon [1].

The water produced as a result of coning
contains chemicals and  metallic
compounds. It is of extreme salinity and is
also polluted with petroleum chemicals
which have detrimental impacts on the
environment. The results of the relevant
studies show that this wastewater is a main
threat to the environment in the area,
leading to seawater pollution, soil
pollution, and further aftermaths. To
control and abolish the destructive impacts
of the activities of the petroleum industry
and wastewater production in the area, it is
essential to  apply  environmental
considerations to the processes, purchase
or design efficient equipment, utilize
thermal methods, use foam injection
procedures to ward off wastewater, use
water injection procedures to increase
pressure, and overall launch projects
aiming to repair damages and cleanse the
environment [9].

In this research, we endeavor to analyze
the effective methods suggested to stop
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water production from oil reservoirs in
case of water coning occurrence; and to
minimize the negative outcomes of this
problem by presenting solutions and
applying managerial means. ECLIPSE
reservoir simulator software is adopted to
model a field by simulating an oil reservoir
experiencing a water production problem.
First, the water coning phenomenon and
the factors affecting it in the oil reservoir
are analyzed. Next, to better investigate the
factors impacting the coning phenomenon,
sensitivity analysis is carried out on
various parameters. The main objective of
this research is to present applicable
solutions based on simulational studies that
take into account the type of reservoirs
(conventional or fractured) and the location
of water coning occurrence. Considering
the sophisticated nature of fractured
reservoirs, for the first time in Iran, this
study meticulously and thoroughly
investigates conventional and fractured
reservoirs and demonstrates the effect of
the coning phenomenon on the production
from these reservoirs.

2- Reservoir simulation and computational
details

The simulator software for oil reservoirs,
known as ECLIPSE, which is developed
by the Schlumberger company, is utilized
for simulations and modeling of a reservoir
that is adjoined by an aquifer and (because
of the water coning phenomenon) is facing
the challenge of water production.
ECLIPSE is considered one of the most
recognized and credible software in the
field of oil and gas reservoir simulation
worldwide. This simulator is a complete
and comprehensive software for simulating
diverse types of reservoirs regardless of
their structural or geological sophistication
and type of fluid. Considering its extensive

and diverse capabilities compared to other
similar softwares, the applications of the
ECLIPSE simulator are extensively
increasing in such a way that it can be
claimed that this software has been
established as a universal standard. This
simulator software consists of several
modules; the two main modules are briefly
explained in the following. The ECLIPSE
100 module of the software is the simulator
of black oil in reservoirs. In this module,
the default assumption is that oil, solution
gas, and water are the reservoir’s fluids,
and the oil in the reservoir and solution gas
are miscible in all ratios. In addition to
having the features and capabilities of the
ECLIPSE 100 module, the ECLIPSE 300
module of the software can utilize
equations of state and pressure-dependent
equilibrium ratios to solve the relevant
problems. In this research, a reservoir of a
field located in the southwest of Iran in the
Dezful depression is simulated using the
ECLIPSE  software. The simulated
dimensions of the aforementioned reservoir
are a length of 22.99 miles and a width of
9.2 miles. The reservoir consists of five
layers, among which only the first, second,
and third layers are in the oil-bearing area
of the reservoir according to OWC (at a
depth of 8793 feet below sea level).

The reservoir has an area of 134326.5 acres
and is located at a depth of 7401.6 feet
below the sea level with the initial oil-
water contact at the depth of 8793 feet
below the sea level. The amount of oil in
place exceeds 3.5 billion barrels; the
producing layers are numbers 1, 2, and 3
and the average thickness of the oil column
is 446.2 feet. The mean density of all
layers is 165.4 Ib/ft>, and the average
matrix porosity and horizontal permeability
of all layers are 10% and 1 md. The
reservoir rock is oil-wet.
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The reservoir’s initial pressure at a depth
of 8250 ft is 3458 psi, and its temperature
at GOC depth is 212°F. Bubble point
pressure and solution gas-oil ratio (Rs)
vary between 2646 and 6014 psi and 0.43
and 0.76, respectively. Based on the
reports, the average gas-oil ratio (GOR) of
producing wells in the initial years of
production was 0.7 Mscf/stb, and the oil
has a density of 34.3 Ib/ft> and an API of
30. Detailed supplementary information on
the reservoir is presented in Tables 1-3. In
the base pressure of 3900 psi, the
compression ratio (CR) was given the
values of 3200x107 and 2200x107 psi!
for consolidated and unconsolidated
limestones, respectively.

Table 1: The porosity and permeability of layers in
the simulated reservoir.

Table 3: Relative permeabilities and capillary
pressures of water versus water saturation in the
simulated reservoir.

P. (psi) Kiw Sw (%)
4 0.0 0.3
2.95 0.02 0.5
0.85 0.2 0.7
0.0 1 1

Layer 1 2 3 4 5
Thickness (ft)y 250 250 300 300 700
Porosity 0.1 0.1 0.1 0.1 0.07
(fraction)
Permeability 1 1 1 1 1
(md)

Table 2: Relative permeabilities and capillary
pressures of oil versus oil saturation in the

simulated reservoir.

P. Ko So (%)
0.220 0.00 0.00
N/A 0.001 0.01
0.50 0.005 0.012
0.75 0.05 0.016
1.00 0.05 0.033
N/A 0.10 0.061
1.400 N/A 0.10
2.400 0.30 0.146
N/A 0.50 0.20
N/A 0.70 0.245
3.200 0.9 0.3

In constructing the dynamic model of the
reservoir, the ECLIPSE 100 module was
used to simulate the three-phase model. To
simulate the reservoir in the field, the
reservoir was divided into numerous
blocks, among which a block with the
dimensions of 15x15x5 was selected for
the simulation process and intended
studies.

In the defined reservoir, there exist nine
production wells with a flow rate of 1,000
bbl/day. A 3D sketch of the reservoir
model and the location and arrangement of
wells is demonstrated in Fig. 3.

Fig. 3 A 3D sketch of the simulated reservoir and
wells.
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Via further modeling, the way water
coning occurs was depicted through a
graph for water production versus time in
the simulated reservoir (Fig. 4). Based on
the results, 160,000 barrels of water are
produced after 5,000 days of production.

Understanding and analyzing the factors
contributing to water coning play a critical
role in reaching a concise insight into
alleviating this condition. Furthermore, the
parameters in  the
occurrence  of  the coning
phenomenon are analyzed in this study.
These parameters include: 1) the density of
oil, 2) the presence of fractures in the
reservoir, 3) the amount of production flow
rate, and 4) the of vertical
permeability to horizontal permeability.
These parameters
scrutinized in the following section.
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Fig. 4 Water production in the simulated reservoir
versus time.

3- Results and analytical discussions
The effects of the density of oil, the
presence of fractures in the reservoir, the

amount of production flow rate, and the
vertical-to-horizontal permeability ratio,
which are crucial factors in the water
coning phenomenon, are investigated in the
following. In the end, sensitivity analyses
are carried out on the number of grid
blocks and fracture length.

3-1 The density of oil

To perform sensitivity analyses on the oil
density as an effective parameter, three
types of oils with densities of 15, 34, and
45 1b/ft> were applied to the simulated
model. The results of this process are
presented in Fig. 5. Analyzing the results
reveals that increases in oil density lead to
proportionate decreases in the pace of oil
production compared to water, which
speeds up the water coning phenomenon.
Thus, according to the results obtained
from the simulation, the low density of the
oil in the reservoir is an advantage when
water coning is of concern.
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Fig. 5 The effect of oil density on water coning in
the simulated reservoir.
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3-2 The presence of fractures in the
reservoir

To model the impact of fractures on water
coning, a reservoir with dual porosity was
assessed. To do so, the number of layers
for simulating the coordinates of fractures
was doubled, and the dimensions of the
reservoir were defined to be 15x15x10.
Permeabilities of the simulated fractures
according to the petrology of the present
layers and the extent of fractures are
provided in Table 4.

Table 4: Permeabilities of the simulated fractures.

Layer 1 2 3 4 5

Kx=Ky 2000 2000 1000 1000 100
(mad)

Kz (md) 500 2000 500 500 5

When the reservoir is fractured, the
possibility of the coning phenomenon is
considerably  higher. Based on the
simulation results (Fig. 6), in the presence
of fractures, water production drastically
surges and reaches approximately 45
million barrels after 5,000 days of
production. Therefore, it can be concluded
that practicing caution and controlling the
production flow rate is a crucial measure.
Fig. 7 illustrates a view of the formed
water cone in the simulated reservoir.

3-3 The amount of the production flow rate
Production flow rate of oil is a significant

and influential factor in water coning and
the volume of water production in wells.
To perform sensitivity analyses on the
amount of oil production rate, several flow
rates were separately tested. The tested
flow rates varied between 300 to 1,000
bbl/day.
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Fig. 6 The effect of the presence of fractures on
water coning in the simulated reservoir.

Fig. 7 A sketch of the formed cone of water in the
simulated reservoir.

Fig. 8 suggests that production with low
flow rates drastically decreases the water
produced by coning. However, production
with high flow rates strikingly increases
water coning and water production. It is
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also noticed that for a 5,000-day period,
while the water production is 10,000
barrels for the oil production flow rate of
300 bbl/day, it soars to 160,000 barrels for
the oil production flow rate of 1,000
bbl/day.
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Fig. 8 Effect of the production flow rate of oil on
water coning in the simulated reservoir.

3-4 Vertical to horizontal permeability ratio
Simulations were carried out under three
different vertical to horizontal permeability
ratios, and the results are presented in Fig.
9. With an increase in vertical permeability
of the reservoir from 1 md to 2 md (the red
graph), water production rises as well. This
tendency is also observed in a further
increase in vertical permeability to 3 md
(the blue graph), and more water is
produced. These findings demonstrate that
the amount and time of water production
by coning are highly dependent on the
vertical permeability of the reservoir. This
seems logical since water is generally
drawn to the drilling area from underlying

lower layers; and the higher the
permeability of this path, the faster water is
drawn to upper layers and wellbore.
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Fig. 9 Effect of permeability of oil-bearing layers
on the water coning in the simulated reservoir.

3-5 Number of grid blocks

Considering three different numbers for the
total number of grid blocks (namely 1125,
3125, and 500) and assuming the same
reservoir size and reservoir properties for
these three cases, it is observed from Fig.
10 that the smaller the number of grid
blocks, the smaller the cumulative
produced water. This means that the
smaller the size of the grid blocks, the
larger the cumulative produced water. A
future optimization study is required to
determine the optimum size for the grid
blocks by considering the trade-off
between the simulation accuracy and
reasonable computation time.

3-6 Fracture length

Sensitivity analysis on the fracture length
in the z-axis direction for three lengths of
3, 15, and 100 ft demonstrates that the
producing layer with a 3-ft fracture has the
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least water production and that with a 100-
ft fracture has the highest water production
(Fig. 11). This suggests that water
production will substantially decrease with
the decrease in the fracture length.
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Fig. 10 Sensitivity analysis on the number/size of
grid blocks
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Fig. 11 Sensitivity analysis on the fracture length

4- Conclusion

In this simulational study, a reservoir
experiencing a water production problem
was simulated via the ECLIPSE simulator
software. At first, the water coning
occurrence and factors affecting it in oil

reservoirs were assessed. Subsequently, to
gain a more accurate understanding of the
significance of each factor, sensitivity
analyses were performed on them. The
following conclusions were made:

¢ Higher densities of oil result in lower oil
speeds for production compared to
water speeds; thus, water coning occurs
faster. Therefore, in terms of water
coning, lower oil densities are
advantageous as they lessen the
intensity of coning.

e The possibility of water coning
occurrence is significantly higher if the
reservoir is fractured. Hence, controlling
the production flow rate is vital in these
Ireservoirs.

e Increasing the oil production flow rate
accelerates water coning occurrence, So
the water production increases.

e The amount and time of water coning
are highly controlled by the vertical-to-
horizontal permeability ratio of the
reservoir. The time of water coning is
delayed by a decrease in the vertical-to-
horizontal permeability ratio, causing a
reduction in the amount of water coning.
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