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ABSTRACT

Determining the performance and behavior of horizontal well subjected by double-edge water drive
reservoir at a late time period has been a concern to many researchers. Wellbore pressure losses
during production in horizontal well increase conning propensity at late period thus rendering some
part of the horizontal well unproductive. This restricts the effectiveness of increasing the horizontal
well length due to wellbore pressure losses along the horizontal well. This study was carried out by
using source function and Newman rule to develop models to predict the performance and behavior
of a horizontal well which was subjected by double Edgewater and numerical method was used for
the computation and Sensitivity analysis of parameters was performed. The results show that the
performance and behavior of the reservoir for this study were found to be when the well is position

at well length (Xwo: Ywo: Zwp), in the ratio of 12:7:15 respectively.

Keywords: Double edged, Performance, Reservoir, Water Drive, Late Period.

1. INTRODUCTION

Performance of horizontal wells for various reservoir
and production conditions has been studied widely
in recent years. Subjects such as critical production
rates, time for the cone to break-through, and
production after break-through have been studied
with physical, analogue, analytical and numerical
simulation models. Researchers have also studied
the interface movement through experimental and
numerical techniques and thus tried to predict the
coning behavior of the oil reservoirs. Productivity
and pressure behavior of horizontal wells under
various  reservoir  conditions have  been
extensively[1-5]. Due to the low pressure-drawdown
around the wellbore in the case of horizontal wells
as compared to vertical wells, a high production rate
is expected without serious coning. In this regard,
various methods to calculate critical rate,
breakthrough time and WOR for horizontal wells
with bottom-water drive can be found in the
literature [6-10].- Analytical work on break-through
time for a horizontal well placed in a reservoir with
either bottom-water drive, or gas-cap drive, or both,
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has also been presented [11].Water and gas coning
is a major issue in petroleum engineering. In the
case of horizontal wells, this problem is significantly
reduced because of the longer exposed wellbores
and lesser pressure drawdown between the
reservoir and the well bore. For horizontal wells,
coning is referred to as cresting’ for water and
‘cusping’ for gas. An extensive review of the work
conducted on the coning problem has been recently.
published

It is evident that major contributions have been
made to predict the productivity, simulate the fluid
flow, evaluate the critical rate and breakthrough
time, and predict the cone shape and the interface
movement. However, most of the research has been
done to study the performance of horizontal wells
theoretically and numerically. There are a lot of
research achievements on pressure distribution of
horizontal well in the bottom water reservoir, but
fewer in edge water [12-16], no study has been
conducted to investigate the performance of
horizontal well in reservoir subjected with double
Edgewater drive at late time.
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Figure 1: Double Edgewater drive Reservoir

This water may come from both sides of axes as
revealed in figure 1.Thus, there is a need to
investigate the performance and behavior of
horizontal wells under such a drive mechanism. The
present research was directed towards this need.

1.1 Description of Model

Figure 1 shows the complete bounded reservoir
subjected by two edge water. The reservoir has
length Xe in the x-direction, length ye in y-direction
and length ze in the z-direction. It has a horizontal
well locations xw, yw and zwin x, y and z directions
respectively [17].

The source functions are selected from basic
instantaneous source functions table for x, y and z
axis's given as ix(x), i (y), v (z). Equation 1, 2 and 3
are the source functions for the three axes in
dimensionless form.

2. METHODOLOGY
The following steps are taken in deriving each of the
models [18]
1. Chose a boundary condition for each axis.
2. Select the appropriate source function for
each axis
3. Apply Newman product rule to arrive at the
pressure expression.
4. Compute the pressure
derivative for a given period.
From the physical model in Figure 1, at the x-axis,
well experiences an infinite slab source from an
infinite slab reservoir in which the top is a constant-
pressure boundary [19]. Hence, the appropriate
source function is given in equation 1.

s(xp, tp)
= —Z exp (

) . (ln) . (lnwa) ] (lnxD
Sin Sin Sin
XeD XeD X

AIong the y-axis, the well is assumed to be
experiencing sealed boundaries at both ends. It is,

and pressure
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therefore, an infinite plane source in an infinite slab
reservoir at an early time, represented as follows:

s(yp, tp) = [1 +

2 Z?ri:l €xp <_ y2

eD

tD) cos(mnyWD)cos(mnyD) (2)

Along the z-axis, the well experiences an infinite
plane source in an infinite slab reservoir represented
as follows:

1
S(ZD, tD) = El:l +

leﬂz NZy. nmz
255y exp (- T2 cos () cos (D) (3)
D D D
2.1 Model for Pressure Distribution of

Completely Bounded Reservoir
Using the Newman product rule, the dimensionless
pressure distribution is

t
P, =27h, [S(xo tB(Y. toBlzo 7Pt

Putting equations 1,2 and 3 in 4 we have

Pp =
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Equation 5 is the pressure distribution for a reservoir
with two edge water external boundaries.

The dimensionless pressure derivative is derived as
o (6)

t
Datp

4

pp =
Using Equation 5, Equation 6 is derived as

pp =
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3. RESULTS AND DISCUSSION

Numerically, equation 6 is solved using Gauss-
Legendre quadrature, since only the last flow period
is considered. The dimensionless pressure
derivative, Po! is computed by direct substitution.
Several reservoirs, fluid and wellbore parameters are
now selected and substituted after the numerical
integration. Results obtained for the several
parameters considered are shown in Table 1 through
to Table 4.The performance and behavior of each
reservoir are presented in each of the Tables. At an
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early time, the aquifer at each edge of the reservoir
considered where very active and became very
sensitive to fluid withdrawer with time as we have
seen from the Tables. The pressure became stable
as from to > 10 which is an indication that boundary
has been encountered. The pressure derivative gives
a true picture of what happens as oil is produced
from the reservoir and all became zero at to =100.
As the oil is produced there is a decline in pressure,
but with the help of the water edge at both edge of
the reservoir, the pressure is buildup. Figure 2 to
Figure 5 illustrates the performance and behavior of
a reservoir subjected by double edge water at late
time. This is a period refer to Pseudo-steady state
and this started when the pressure disturbance
created by the producing well is felt at the boundary
of the well drainage area.

From Figure 4 it is obvious that the dimensionless
height has no effect on pressure derivative, which
means that the thickness of the reservoir does not
affect oil production. Hence a well position at any
height in the reservoir does not affect much on the
quantity of the oil production for the oil reservoir.
The effect of well position in the z-direction on Pp is
shown in figure 5. From the figure, at the early time
during well production, there was just a little effect,
but time (to = 100) there was no significant change
in well production. Hence the well can be position at
any point in the z-direction. This can also be seen in
figure 6, which illustrates the effect of position of a
well in the z-direction on dimensionless pressure
derivative, Pp®

Figure 7 shows the effect of dimensionless well
position in y-direction on dimensionless pressure
derivative. From the figure, one can say that there
no significant change or effect on well production as
from to = 10. Hence the well can be position at any
point in the y-direction between 0.74 and 1.48
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Figure 8 illustrates the effect of dimensionless well
position in x-direction on dimensionless pressure
derivative. From the figure, it is obvious that the well
can be position at any point between 1>xwp >0.50
for higher performances.

The effect of dimensionless well position in the x-
direction on Pp is shown in figure 9.From the figure
one can see that with time during production, the
effect of well position in x-direction becomes
insignificant.

Table 1: Dimensionless pressure and Dimensionless
Derivative at Xep =5

to Po Po!

0.001 15.99998 0.00478
1.00E-02 1.60E+01 0.03888
0.1 16.00001 0.18393

1 16 1.2495

10 16 0.357

100 16 1.29E15
1000 16 4.80E-169
10000 16 0

Table 2: Dimensionless Pressure and Dimensionless
Derivative at Xep = 3

to Po Po!

0.001 20.65303 3.78E-03
1.00E-02 2.06E+01 3.62E-02
0.1 18.97106 0.254177
1 16.448948 0.448948
10 16.00002 0.000205
100 16 2.61E-46
1000 16 0

10000 16 0
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Figure 2: Dimensionless Pressure and Dimensionless Derivative Responses at Xep = 4
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Figure 3: Dimensionless Pressure and Dimensionless Derivative Responses at Xep = 6
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Figure 4. Effect of dimensionless height on Pp'
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Figure 5: Effect of dimensionless well position in
the z-direction on Pp
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Figure 6: Effect of dimensionless well position in
the z-direction on Pp!
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Figure 7: Effect of dimensionless well position in y-
direction on P!

@ PD'XwD(0.50) —©@— P’'DXwD(1)
P’DXwD(0.28)
1.20E-01
1.00E-01 @
8.00E-02 Q
6.00E-02

©
4.00E-02 @

LOGPD1

2.00E-02

2.70E-118 O) ®) ©
1 10 100 1000 10000

LOGTD

Figure 8: Effect of dimensionless well position in x-
direction on Pp!
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Figure 9 :Effect of dimensionless well position in
the x-direction on Pp

It is a usual thing when talking about edge-water
and bottom-water while discussing water
encroachment into a reservoir. Bottom-water take
place directly beneath the oil zone while edge-water
occurs off the flanks of the structure at the edge of
the oil zone and double edge is at the two edges of
the oil zone Thus, the prediction of reservoir
performance and behavior usually requires accurate
models [20-21] and these Models are given as
equations 5 and 7 which is the major objective for
this study. With these two models developed,
prediction of reservoir performance and behavior of
a horizontal well subjected by a double Edgewater
drive was achieved and the results are presented
above.

The data in Table 1 has a decline rate of 1.43e-18.
The decline started at to =100 and the fluid
encounter boundary at tpo =0.001and with Pp equal to
16. Figure 2 has a decline rate of 7.48e-28. The
decline started at tpb =98 and the fluid encounter
boundary at to =0.001and with Pp equal to 16. The
date in Table 2 has a decline rate of 2.90e-49. The
decline started at to =6 and the fluid encounter
boundary at to = 1000 and with Ppequal to 20.65.The
data in Table 4 has a decline rate of 5.16e-15. The
decline started at to =60 and the fluid encounter
boundary at to = 100 and with Pp equal to 38.39.
Tables 1 and Table 2, shows the performance and
behavior of a Reservoir subjected by two Edgewater
drive. The pressure became stable with time while
the pressure derivative decreases to zero with time,
in other words, there was water production at the
initial time but with time the well started to produce
oil. This production started to increase but this
became stable as a result of the boundary effect as
shown in Figure 2 and Figure 3.

Pressure derivative graphs give a picture of when
the fluid in the reservoir encounter boundary. The
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results in Figure 3 show that aquifer is active and
more sensitive when compared to others. Hence it
gives the best oil production for a long time before
the boundary effect experienced and also the
amount of oil produced was the highest as seen in
the Figure.

In an edge water drive, the reservoir pressure
reaction to production depends on the magnitude
and permeability of the aquifer and the rate at which
the reservoir is produced. If the reservoir is
produced at a small rate, the aquifer is capable to
exchange the fluid volumes produced and reservoir
pressure remains fairly constant. If the production
rates are high, the aquifer is not capable to keep up
with removals and reservoir pressure drops. If the
rate is then lower to a low level, reservoir pressure
will increase as shown in Table 1, 2 and Figure. The
rates of production of a particular Edgewater drive
reservoir are determined by the size and
permeability of its connected aquifer. In a strong
Edgewater drive reservoir, the producing gas-oil
ratio remains fairly constant, reflecting the stable
reservoir pressure show in figure 2 through to figure
3. If the aquifer is not capable to preserve reservoir
pressure, the producing gas-oil ratio will rise
accordingly [22-24.1t was found that the well is
optimally located if the well length (Xwo , Ywo, Zwp)
is in the ratio of 12:7:15 respectively. This well
position provided the highest recovery and latest
breakthrough at all production rates. It was also
noted that improved well performance (i.e., greater
recovery, later water breakthrough, and lower water
cut) is attained at a higher rate than at lower
production rates. Water-oil interfaces remain stable
and flatting as they move towards the well [25].

4.0 CONCLUSION

From the results, it is concluded that for double
Edgewater drive, the horizontal well should be
located relatively close to the original water-oil
interface to achieve a higher recovery and later
water and gas breakthrough. However, as the well
gets closer to the original water-oil interface, the
well’'s performance deteriorates; therefore, there is
an optimum location for the well. Based on the
present results, the well should be located at a
position such that the ratio of the lengths (Xwp, Ywo,
Zwp) should be 12:7:15 respectively. It is also
concluded that the well should be produced at a
higher rate rather than lower rates as long as no
water fingers are formed.
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NOMENCLATURE

Po! or P'o = Dimensionless Pressure derivative

Po= Dimensionless Pressure

hp= Dimensionless height

Xp= arbitrary dimensionless distance along the x-
axis

Yo = arbitrary dimensionless distance along the y-
axis

Zp - arbitrary dimensionless distance along the z-axis
Zwp = Well coordinate in z-direction

Ywp = Well coordinate in y-direction

Ywp = Well coordinate in y-direction

Ywp = Well coordinate in y-direction

Yep = External dimensionless distance along y-axis
Xwp = Well coordinate in x-direction

To =Dimensionless time
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