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ABSTRACT

This paper presents comparative analysis between the pressure behavior of a horizontal well and a vertical well both
subject to edge water drive. Green and source function were used to evaluate the performance of horizontal well and
vertical well, eventually, compared based dimensionless pressures and pressure derivatives computed by varying the
reservoir geometry. Results presented as type curves show that the rate of decline of the pressure derivative curve is
more sharper and sensitive in vertical well than horizontal well of the same geometry indicating a shorter period of clean
oil production in vertical well than the horizontal well. The period of radial flow as shown by the horizontal flattened part
of the type curve indicate that for all reservoir geometry, the horizontal well will be able to sustain longer period of the
radial flow than vertical well given infinite conductivity condition.
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1. INTRODUCTION

Pressure behaviour of a horizontal well is considerably
more complicated than it is for vertical wells because of
the potential occurrence of several transient flow
periods. This paper carries out a comparative study
between a horizontal well and a vertical well model both
subject to edge water drive to determine the pressure
differences and significant characteristics between the
two. Both early and late flow periods were considered
for both models of negligible skin and wellbore storage
influences. Source and green function are used in
deriving the appropriate dimensionless pressure
expression for both reservoir systems.

The use of dimensionless pressure and dimensionless
pressure derivative type curves has fully overcome the
challenges experienced in the use of conventional
methods and has brought about major successes in well
tests analysis. Heterogeneities hardly visible on the
conventional plot of well testing data are amplified on
the derivative plot, also flow regimes have clear
characteristic shapes using the derivative plot [1]. Also to
confirm or validate the results of conventional straight
line methods like drawdown etc., thus it can be used
when the straight line methods cannot adequately
characterize the reservoir [2]. When a reservoir is
bounded by water influx, information such as pressure
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distribution, are important in determining wellbore
and allowable rate profiles to
guarantee clean oil [3]. Musk at and Coats studied
vertical well performance in a reservoir with bottom
water drive. Musk at utilized potential theory to study
the performance of reservoir subject to bottom water
and concluded that bottom hole
withdrawal rates are directly responsible for water

pressure regimes

pressures and
breakthrough and quality of oil produced [4]. Coats
studied vertical well performance in a reservoir with
bottom water drive. [5]. Muskat’s study, using flow
potential distribution, predated the use of source and
Green'’s functions suggested by Gringarten and Ramey. In
the Gringarten et al [6] approach, once the reservoir
boundaries are identified, a vertical well flow is
duplicated by a 2D multiplication of the characteristic
functions and a 3D multiplication for horizontal well
flow, in accordance with Newman product rule. Ozkan
[7] produced dimension pressures derivative for a
horizontal well subject to bottom water drive. Adewole
[8] also use source and green functions to derive
different dimensionless pressure and pressure
derivatives for different direction of flow in an A shaped
architecture experiencing bottom water, he concluded
that individual layer characterization requires properties
from only the layer involved, while extended reservoir
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characterization requires equivalent (total layers)
properties. and Eiroboyi [9] developed type curves for a
reservoir with bottom water drive using source and

green functions,

2. MODEL DESCRIPTION

Chosen for this study as can be seen below are 2 models,
figure 1is a horizontal well completion while figure 2 is a
vertical well completion, and both subjected to edge
water drive, also containing oil of small and constant
compressibility. Two flow periods are considered (early
radial and final flow). Tarek gives the approximate
period of radial flow in vertical wells as 10-6 <tD, <
0.25reD?. This implies that aftertimetD, > 0.25 reD?
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radial flow ends and the reservoir external boundary
effects.

2.1 Source Functions

Instantaneous source or Green'’s functions are selected
based on the type of boundary condition according to
Gringarten et al [6]

Z.1.1 Horizontal Well Flow Model

Along the x - axis, according to Gringarten et al, the
source is an infinite plane source in an infinite in an
infinite slab source:

2 © @n+ 1)2n2t,\  @n+ Dmxw,  (2n+ Daxp
s(xp, tp) = —Z exp| — 5 cos cos (D
xep —~ 4xej xep xep
Also, along the y - axis
1 = n’n?t nmwyw, nw
s(yp,tp) =— |1+ 2 Z exp (— 5 D) cos Yo cos b (2)
Yep ~ Yeép Yep yep
Z - axis
1 = Pr?ty\  lmzwp  Imzp
s(zp,tp) =5—[1+2 ) exp|——5—|sin sin 3
hp ] h; hp hp
2.1.2 Vertical Well Flow

Along the x - axis, the reservoir is experiencing edge water as such giving a constant recharge to the system, the source

is an infinite plane source in an infinite slab reservoir.

2 © @2n+1)?%rt,.  (n+DrXw  (2n+ DrX
- _ 4
S(xp,tp) po> Z exp( AXo? cos Yo cos Yo 4)
n=
While along the y - axis,
Syt = 1 1+2§: -n’n’t,  nmyw  nmy .
Vo, tp _ye exp( ye? ) sin ye sin Je )
n=1
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Figure 1: Horizontal well model in a reservoir subject to edge water
Yy
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Figure 2: Vertical well model in a reservoir subject to edge water
Nigerian Journal of Technology Vol. 36, No. 2, April 2017 458



PRESSURE DISTRIBUTION BETWEEN HORIZONTAL AND VERTICAL WELLS IN A RESERVOIR (EDGE WATER DRIVE)  I. Eiroboyi & S. I. Wikie

2.2 Derivation of Dimensionless Pressure and Dimensionless Pressure Derivative Expressions
2.2.1 Horizontal Well Model
For a single layer reservoir,

tp
po = 2ty | 5Gip,) 50,052, 7) (6)
0
2 ( )2 tp
ah —ywp) +(2zp—z
Do = —TDEL- {— 0o =¥ D)4t D_Twh |4 2mhy f s(xp, 1) .5(yp, 7). 5(2p, T)d (7
D tne
The dimensionless pressure derivative as a result of eqn. 7 will generate eqn. 8
ahy, (yp—ywp)?+(zp—zwp)*
tppp = 7 © D + 2mhptps(xp, tp)-s(p, tp)-s(zp, tp) ©))
2.2.2 Vertical Well Model
For a single layer reservoir during early flow
pp = —Ei (_ Tr )
Considering two flow periods
1 T2 tb
PD(XD‘yD) =—=—FEi|— + Zﬂth S(XD_tD).S(yD‘tD)dt (10)
2 4t tD,
The dimensionless pressure derivatives from eqn. 10 will generate eqn. 11 below
1 ™
tpr = Ee 4tp + ZﬂthD.S(xD‘tD).S(yD‘tD) (11)

All the integrals were evaluated numerically according to Carnahan [10].

Table 1: Horizontal well (xepyep, hp ):(20,20, 5) and

Vertical well (xepyep,):(20, 20)

Horizontal well (20, 20, 5)

Vertical well (20, 20)

tp Pp Pp Pp )
0.01 1.21E-02 0.00104  2.68E-08 1.06E-13
0.1 0.48 0.152 2.29E-04 1.38E-08
1 1.5 0.45 1.88E-01 9.41E-07
10 2.718 0.6 1.33E+00 5.21E-03

100 3.869 0.6 2.49 0.5
1000 5.02 7.36E-02 2.84 7.14E-06
10000 5.02 3.66E-12 2.84 1.85E-45

Table 2: Horizontal well (xepyep, hy ):(50, 50, 10) and

Vertical well (xepyep,):(50, 50)

Table 3: Horizontal well (xepyep, hp ):(50,50, 20) and
Vertical well (xepyep ):(50, 50)

Horizontal well (50, 50, 20)  Vertical well (50, 50)

tp Pp Pp Pp Pp
0.01 1.21E-02 0.00104 2.68E-19 1.06E-17
0.1 0.48 0.152 2.29E-03  1.08E-02
1 3 0.9 313E-01  3.41E-01
10 7.5 1.7 1.34E+00 4.81E-01

100 14.36 2.5 2.489 0.5

1000 20.12 2.5 3.64 0.5
10000 25 1.92E-01 3.76 6.27E-02
100000 25 1.30E-05 3.76 3.27E-09

Horizontal well (50, 50, 10)

Vertical well (50, 50)

tp Pp 1) Pp 1)
0.01 1.21E-02 0.00104 2.68E-19 1.06E-17
0.1 0.35 0.152 2.29E-03  1.08E-02
1 1.6 1.04 3.13E-01  3.41E-01
10 4 1.23 1.08E+00 4.81E-01

100 7.18 1.2 2.49 0.5

1000 10.6 1.2 3.64 0.5
10000 12.4 2.32E-01 3.76 7.34E-02
100000 12.4 1.30E-06 3.76 1.30E-10
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3. RESULTS AND DISCUSSION

In comparison, From Tables 1 to table 3and also Figures
3 to 5 below; it can be observed that considering the
same reservoir geometry; the horizontal well transients
would travel farther through the reservoir than the
vertical well transients at any given dimensionless time.
In orders words, the pressure transient of the horizontal
well is greater than that of the vertical well.

Reservoir geometry for Horizontal well (xepyep, hp) and
Vertical well = (xepyep,)

Given the same geometry, the horizontal well exhibits
longer period of clean oil production than the vertical
well derivative values from the Tables, in contrast to the
early start of steady state on the vertical well
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dimensionless pressure. This means that vertical wells
exhibit earlier arrival of edge water.

The horizontal well dimensionless pressure and pressure
derivatives are strongly a function of three source
functions(x, y and z) while the vertical well depends on
two source functions (x and y).

Both wells models from Tables 1 to 3, exhibit no slope
when at the emergence of steady state, the dimensionless
time of attainment of water breakthrough for both well
models increase with increase in dimensionless reservoir
area.

4. CONCLUSION AND RECOMMENDATION

The strength of both models during steady state is
directly proportional to the pressure behaviour of the
reservoirs. From the results, both models have the
capacity to produce clean oil before experiencing water
breakthrough is largely dependent on the reservoir areal
extent. The period of radial flow is longer for horizontal
well than vertical wells as shown by the pressure
derivative curve.

1. Depending on the nature of the reservoir geometry
especially for thin reservoir (low hp), the drilling of
an horizontal well is advised.

2. The larger the reservoir's external geometry, the
longer the period available for clean oil production,
the longer the time of attainment of steady state is
longer for reservoir with large reservoir geometry.

3. For an efficient recovery plan, the drilling of a
horizontal well is advised because it provides a longer
period of clean oil production and subsequently
delaying water breakthrough.

4. Pressure movement towards the external boundaries
of the
dimensionless pressures

reservoir causes an increase in the

5. Horizontal well curves are characterized by higher
dimensionless pressures than the vertical well of the
same geometry.
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Nomenclature

E; = exponential integral function

Pp= dimensionless pressure drop

pp = dimensionless pressure derivative drop

rp= dimensionless radius

hp = dimensionless height

xp = arbitrary dimensionless distance along the x axis
yp = arbitrary dimensionless distance along the y axis
xep =External reservoir radius along the x - axis

yep =External reservoir radius along the y - axis
rep= dimensionless reservoir radius

tp= dimensionless time

tD,= dimensionless time of attainment of steady state
T= dummy integration dimensionless time variable.
Eqn = equation

Superscript

‘= derivative

D = dimensionless.
h = horizontal.

A= change
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