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Abstract-A well test or well testing is consider as an elaborate plan of activity

by an engineer to acquire, analyze and understand data about the properties of

hydrocarbons which are trap below the surface of the earth in a reservoir and use

the data to understand the reservoir itself. This study investigate the well test

analysis of horizontal well in a completely bounded isotropic reservoir in a case

where the non-dimensionalize �ow parameters are plot on a log-log axis to an-

alyze the pressure response in a horizontal well. It is also clear that horizontal

well analysis is more di�cult than vertical well analysis, because assessing the

�ow into a horizontal well requires three dimensions as oppose to a single �ow

for vertical wells. We develop �ve (5) well test analysis models to characterize a

reservoir and predict the performance of a horizontal well, the non-dimensionalize

�ow parameters are plot on a log-log axis to analyze the pressure response in a

horizontal well, we determine optimum well length for a horizontal well produc-

tion. We use Source and Green's function with Newmann's product to develop the

models, and we implement the results on matlab. We observe that from table 2

to table 11, as LD increases both the PD and PD′ decreases when the well is ini-

tially open for production, this shows that dimensionless horizontal well length is

inversely proportional to both the dimensionless pressure and dimensionless pres-

sure derivative.

Keywords- early radial, dimensionless pressure, dimensionless pressure deriva-

tive, horizontal well, reservoir
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I. INTRODUCTION

A well test or well testing can be considered as an elaborate plan of activities

by an engineer to acquire, analyse and understand data about the properties of

hydrocarbons which are trapped below the surface of the earth in a reservoir and

also use the data to understand the reservoir itself. This data provides informa-

tion about the ability of a reservoir to produce hydrocarbons.[1] observed that

this whole process intents to obtain: reservoir pressure, completion e�ciency,

distance to the boundaries, formation damage, vertical layering, aerial extent,

drawdown pressure, �uid properties, permeability, �ow rates, formation hetero-

geneities, production capacity, productivity index, and other details relevant to

the test. If this data can be obtained and analysed, well test analysis is the pro-

cess where pressure transient analysis is conducted either to con�rm production

ability or to enhance performance.[13] noted that well test analysis to be con-

sidered as a wide area of reservoir engineering which involves the comprehension

of the reservoir characteristics including the rock properties by applying di�er-

ent techniques.[2] noted that, this process provides information of both the well

and the reservoir which contain the hydrocarbon in which well test analysis will

involve the best model to interpret the pressure response. He noted that for an

exploration well, the initial pressure, reservoir properties, nature and the rate of

production would be the main objectives of a well test. For an appraisal well,

one would need to conduct a well test to re�ne a reservoir description while for a

development well, the well test would be used to adjust the reservoir description

as well as establish pressure communication between wells.

The three main types of well testing methods that has been employed through

several years are drawdown test, buildup test and Interference test.

In a drawdown test, a well which is shut-in is opened to �ow. The main objectives

of the drawdown test are to: obtain average permeability of the drainage area,

estimate skin, obtain a pore of the reservoir and detect reservoir heterogeneity.

A producing well is shut down and a bottom hole pressure (BHP) is measured in

a buildup test. To o�er information on permeability and skin thickness for reser-

voir characterization. The results of a buildup test can also be used to monitor

a reservoir, speci�cally reservoir pressure data.

Atleast two wells are employed in interference testing, the wells can be in the
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same layer or di�erent layer, and they can also be both horizontal or vertical

wells or of di�erent wells. The active well is put on production while the obser-

vational well is use to monitor the pressure and production rate and there is a

pressure communication between the two wells in a reservoir. The observation

well pressure response enables us to determine multiple well tests. We should

observe when building an interference test, it will be preferable to build an active

well rather than an injection well.

II. MATHEMATICAL DESCRIPTION

The governing equation of �uid �ow in a horizontal oil reservoir is conforms to

a non-linear, homogenous, isotropic, second order partial di�erential equation

called the di�usivity equation. This equation is usually presented in 3D and is

given by.

Kx
∂2P
∂x2 +Ky

∂2P
∂y2

+Kz
∂2P
∂z2

= ϕµct (1)

Since the reservoir is homogenous and isotropic, then Kx = Ky = Kz where Kx,

Ky and Kz are permeabilities along the x, y and z boundaries of the reservoir. ϕ

is the porosity of the reservoir, µ is the reservoir �uid viscosity and ct is total com-

pressibility. Equation (1) is used to solve unsteady �ow problems in porous media.

III. WELL TEST ANALYSIS MODELS

PD = 2πhD

∫ τD
0

S(xD, yD, zD, τD)dτD (2)

(Gringarten and Ramey 1973)

where tD = τD, dtD = dτD

S(xD, yD, zD, tD) = S(xD, tD)× S(yD, tD)× S(zD, tD) (3)

Equation (3) is the Newmann's product of the instantaneous source functions.
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Figure 1:: 3D Reservoir physical model for Early Time Radial Flow

Early Time Approximation for Pressure

Considering a case where none of the boundaries is been a�ected by the �ow,

substituting the dimensionless variables in the greens and source function with

Newman's product in equation (3) becomes.

S(xD, τD) =
1
2
[erf(

√
K
Kx

+(xD−xwD)

2
√
τD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
τD

)] (4)

Equation (4) is an In�nite-Acting �ow along the x-boundary, which means x-

boundary has not been a�ected by the �ow. Therefore the pressure response is

approximated within a short period of time.

S(yD, τD) =
1

2
√
πτD

√
K
Ky

e−[ (yD−ywD)2

4τD
] (5)

Equation (5) is an In�nite-Acting �ow along the y-boundary, which means y-

boundary has not been a�ected by the �ow. Therefore the pressure response is

approximated within a short period of time.

For the In�nite-Acting �ow, the �ow along the y-boundary is the same as the

�ow along the z-boundary.
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S(zD, τD) =
1

2
√
πτD

√
K
Kz

[exp(− (zD−zwD)2

4τD
)] (6)

Equation (6) is an In�nite-Acting �ow along the z-boundary, which means z-

boundary has not been a�ected by the �ow. Therefore the pressure response is

approximated within a short period of time.

Now by substituting equation (4), (5) and equation (6) into equation (2), we get.

PD = 2πhD

∫ τD
0

{1
2
[erf(

√
K
Kx

+(xD−xwD)

2
√
τD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
τD

)]}

× { 1
2
√
πτD

√
K
Ky

e−[ (yD−ywD)2

4τD
]}

× { 1
2
√
πτD

√
K
Kz

[exp(− (zD−zwD)2

4τD
)]}dτD (7)

The �rst part of equation (7) is the approximate form for instantaneous source

function during early time in the x-boundary, the second part of equation is the

approximate form for instantaneous function during early time in the y-boundary

and the third part is the approximate form for instantaneous source function dur-

ing early time in the z-boundary.

The dimensionless pressure derivatives for equation (7) is given by;

P
′
D = 2πhD{1

2
[erf(

√
K
Kx

+(xD−xwD)

2
√
tD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
tD

)]}

× { 1
2
√
πtD

√
K
Ky

e−[ (yD−ywD)2

4tD
]}

× { 1
2
√
πtD

√
K
Kz

[exp(− (zD−zwD)2

4tD
)]} (8)

This model presented by equation (7) and (8) applied in approximating pressure

distribution for a horizontal well in a completely bounded oil reservoir for a short

time when the �ow is not being a�ected by any of the reservoir boundaries. This

can be considered for a case once the well is initially put into production. Since

none of the boundaries of the reservoir has any e�ect on the �ow, the model thus

considers a full in�nite-acting �ow period.

E�ect of Boundaries on the Flow

Considering a case where x-boundary is not been a�ected by the �ow, but y and

z-boundaries are sealed.
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Figure 2:: 3D Reservoir physical model at Early Radial �ow along the x-boundary,
while y and z-boundaries are sealed

S(xD, τD) =
1
2
[erf(

√
K
Kx

+(xD−xwD)

2
√
τD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
τD

)] (9)

Equation (9) is the approximate form for instantaneous source function during

early time in the x-boundary.

S(yD, τD) =
1

yeD
[1 + 2

∑∞
m=1 exp(−

m2π2τD
y2eD

)× cos mπywD

yeD
cos mπyD

yeD
] (10)

Equation (10) is the in�nite plane source in an in�nite slab reservoir with y-

boundary sealed. The y-boundary has an e�ect on the �ow, therefore the pressure

response approximation along the y-boundary is a late-time.

S(zD, τD) =
1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
] (11)

Equation (11) is the in�nite plane source in an in�nite slab reservoir with z-

boundary sealed. The z-boundary has an e�ect on the �ow, therefore the pressure

response approximation along the z-boundary is a late-time.

Now by substituting equation (9), (10) and (11) into equation (2), we get.
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PD = 2πhD

∫ τD
0

{ 1
2
[erf(

√
K
Kx

+(xD−xwD)

2
√
τD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
τD

)]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2τD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]} ×

{ 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]}dτD (12)

The �rst part of equation (12) is the approximate form of instantaneous source

function during early-time in the x-boundary, the second part of equation is the

late-time approximation of pressure response along the y-boundary and the third

is the late-time approximation of pressure response along the z-boundary.

P
′
D = 2πhD{ 1

2
[erf(

√
K
Kx

+(xD−xwD)

2
√
tD

) + erf(

√
K
Kx

+(xD−xwD)

2
√
tD

)]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2tD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]} ×

{ 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]} (13)

The mathematical model de�ned by equation (12) and (13) will apply in ap-

proximating pressure response when y and z-boundaries have and e�ect on the

�ow, but x-boundary does not. The �ow on the x-boundary is an early time �ow

regime, but the �ow along the y and z-boundaries have a late time �ow regime .

Considering a case where y-boundary is not been a�ected by the �ow, but x and

z-boundaries are sealed.

S(xD,τD) =
1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
] (14)

Equation (14) is an in�nite plane source in an in�nite slab reservoir with x-

boundary sealed. Therefore x-boundary has an e�ect on the �ow and the pressure

approximation along the x-boundary is a late-time.

S(yD, tD) =
1

2
√
πtD

√
K
Ky

e− (yD−ywD)2

4tD
(15)

Equation (15) is the approximate form for instantaneous source function during

early-time in the y-boundary.

S(zD, tD) =
1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
] (16)

Equation (16) is an in�nite plane source in an in�nite slab reservoir with z-

boundary sealed. Therefore z-boundary has an e�ect on the �ow and the pressure
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Figure 3:: 3D Reservoir physical model at In�nite-Acting �ow along the y-
boundary, while x and z-boundaries are sealed

response approximation along the z-boundary is a late-time.

Now by substituting equation (14), (15) and (16) into equation (2), we get.

PD = 2πhD

∫ τD
0

{ 1
xeD

[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
2
√
πtD

√
K
Ky

e− (yD−ywD)2

4tD
]}

× { 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]}dτD (17)

The �rst part of equation (17) is a case where x-boundary has been sealed and the

pressure response approximation is a late-time, the second part is a case where

y-boundary has no e�ect on the �ow and the pressure response approximation is

an early-time and the third part is a case where z-boundary has been sealed and

the pressure response approximation is a late-time.

P
′
D = 2πhD{ 1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2tD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
2
√
πtD

√
K
Ky

e− (yD−ywD)2

4tD
]}

×{ 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
] (18)

The mathematical model de�ned by equation (17) and (18) will apply in approxi-
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mating pressure response when x and z-boundaries have an e�ect on the �ow, but

y-boundary does not. The �ow on the y-boundary is an early time �ow regime,

but the �ow along the x and z-boundaries have a late time �ow regime.

Considering a case where z-boundary is not been a�ected by the �ow, but x and

y boundaries are sealed.

Figure 4:: 3D Reservoir physical model for In�nite-Acting �ow along the z-
boundary, while x and y-boundaries are sealed

S(xD,τD) =
1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
] (19)

Equation (19) is the in�nite plane source in an in�nite slab reservoir with x-

boundary sealed. The x-boundary has been a�ected by the �ow, therefore the

pressure response approximation along the x-boundary is a late-time.

S(yD, τD) =
1

yeD
[1 + 2

∑∞
m=1 exp(−

m2π2τD
y2eD

)× cos mπywD

yeD
cos mπyD

yeD
] (20)

Equation (20) is the in�nite plane source in an in�nite slab reservoir with y-

boundary sealed. The y-boundary has an e�ect on the �ow, therefore the pressure
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response approximation along the y-boundary is a late-time.

S(zD, τD) =
1

2
√
πτD

√
K
Kz

[exp(− (zD−zwD)2

4τD
)] (21)

Equation(21) is the approximate source for instantaneous source function during

early-time in z-boundary.

Now by substituting equation (19), (20) and (21) into equation (2), we get.

PD = 2πhD

∫ τD
0

{ 1
xeD

[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2τD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]}

× { 1
2
√
πτD

√
K
Kz

[exp(− (zD−zwD)2

4τD
)]}dτD (22)

The �rst part of equation (22) is a case where the x-boundary has an e�ect on the

�ow and the pressure response approximation is a late-time, the second part is

a case where the y-boundary has an e�ect on the �ow and the pressure response

approximation is a late-time, and the third part is a case where z-boundary has

no e�ect on the �ow therefore the pressure approximation will be an early-time.

P
′
D = 2πhD{ 1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2tD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2tD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]}

×{ 1
2
√
πtD

√
K
Kz

[exp(− (zD−zwD)2

4tD
)]} (23)

The mathematical model de�ned by equation (22) and (23) will apply in approxi-

mating pressure response when x and y-boundaries have an e�ect on the �ow, but

z-boundary does not. The �ow on the z-boundary is an early time �ow regime,

while the �ow on the x and y-boundaries are late time �ow regime.

Late Time Approximation for Pressure

Considering a case where both x,y and z-boundaries are sealed.
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Figure 5:: 3D Reservoir physical model for Steady-state �ow

S(xD,τD) =
1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]dτD (24)

Equation (24) is an in�nite plane source in an in�nite slab reservoir with x-

boundary sealed. The x-boundary has an e�ect on the �ow therefore the pressure

response approximation is a late-time.

S(yD, τD) =
1

yeD
[1 + 2

∑∞
m=1 exp(−

m2π2τD
y2eD

)× cos mπywD

yeD
cos mπyD

yeD
]dτD (25)

Equation (25) is an in�nite plane source in an in�nite slab reservoir with y-

boundary sealed. Then y-boundary has an e�ect on the �ow therefore the pres-

sure response approximation is a late-time.

S(zD, τD) =
1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]dτD (26)

Equation (26) is an in�nite plane source in an in�nite slab reservoir with z-

boundary sealed. Then z-boundary has an e�ect on the �ow therefore the pres-

sure response approximation is a late-time.

Now by substituting equation (24), (25) and (26) into equation (2), we get.

PD = 2πhD

∫ τD
0

{ 1
xeD

[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2τD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2τD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]}

× { 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]}dτD (27)
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Equation (27) is an in�nite plane source in an in�nite slab reservoir with all the

boundaries sealed. All the boundaries has an e�ect on the �ow, therefore the

pressure response approximation on all the boundaries is a late-time, it is the

case where the reservoir has attained the pseudo steady-state �ow.

P
′
D = 2πhD{ 1

xeD
[1 + 4xeD

π

∑∞
n=1 exp(−

n2π2tD
x2
eD

) sin nπ
2xeD

cos nπxwD

xeD
cos nπxD

xeD
]}

× { 1
yeD

[1 + 2
∑∞

m=1 exp(−
m2π2tD

y2eD
)× cos mπywD

yeD
cos mπyD

yeD
]}

×{ 1
hD

[1 + 2
∑∞

l=1 exp(−
l2πzwD

h2
D

) cos lπzwD

hD
cos lπzD

hD
]} (28)

The mathematical model de�ned by equation (27) and (28) will apply in approx-

imating pressure response when x, y and z-boundaries both have an e�ect on the

�ow. The �ow on both of the boundaries are late time �ow regime. Equation

(27) and (28) is the pressure distribution model for completely bounded reservoir

where there is a constant pressure at each and every point of the reservoir.

Dimensionless Parameters

PD = kh∆p
141.2qµB

(29)

tD = 4kti
ϕµctL2 (30)

ηi =
ki

ϕµct
(31)

iD = 2i
L

√
k
ki

(32)

iwD = 2iw
L

√
k
ki

(33)

ieD = 2ie
L

√
k
ki

(34)

hD = 2h
L

√
k
kz

(35)

LD = L
2h

√
k
kx

(36)

hD = 1
LD

√
k2

kxkz
(37)

rwD = zD − zwD (38)

η = ki
µϕct

(39)
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IV. RESULTS AND DISCUSSIONS

Figure 6:: A graph of Ei-function

Figure 7:: Dimensionless pressure grows with dimensionless time

Early Time Radial Flow

The �ow is radial in the y − z plane and can be considered as the early radial

�ow period. Considering the equation for dimensionless pressure during

in�nite-acting �ow period, and using the approximation of the exponential

integral for
r2wD

4tD
> 0.02, the exponential integral can be approximated as.

Ei(− r2wD

4tD
) = ln(

r2wD

4tD
) + 0.577
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Figure 8:: P
′
D is a constant with an increased tD

PD = 1
4LD

[−Ei(− r2wD

4tD
)]

P
′
D = 1

4LD
exp[− r2wD

4tD
]

The Ei-function solution is presented in �gure 6, it shows that
r2wD

4tD
is directly pro-

portional to Ei(− r2wD

4tD
). Figure 7 represents the growth of dimensionless pressure

with an increase in dimensionless time on the log-log plots. From �gure 7, we

noticed that LD increased from 3.333 to 33.333, we also observed that log(PD)

is directly proportional to log(tD). Figure 8 represents the constant P
′
D with an

increased in tD, also in �gure 8 log(P
′
D) decreased within a very short period of

time and then becomes a constant with an increased tD.

We consider theoretical well and reservoir parameters and substitute them in the

models formulated in the previous chapter, and compute the dimensionless pres-

sure and its derivative. By using log-log plots we analyze the e�ects of the well and

reservoir parameters on the well performance. We solved the dimensionless pa-

rameters by taking the reservoir permeability K =
√

kykz, kx = ky = kz = 20md,

height h = 75ft, reservoir length xe = 5000ft, reservoir width ye = 3500ft, and

reservoir thickness ze = 2000ft. We take the length of the well from 500 to 5000ft
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Dimensionless parameters for varying LD

k =
√

kykz, kx = ky = kz = 20md, h = 75ft, xe = 5000ft, ye = 3500ft,

ze = 2000, zw = 400ft and z=450md

Table 1:: Dimensionless parameters for varying LD

L(ft) 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
LD 3.333 6.667 10.000 13.333 16.667 20.000 23.333 26.667 30.000 33.333
hD 0.300 0.150 0.100 0.075 0.060 0.050 0.043 0.038 0.033 0.030
xD 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
yD 7.000 3.500 2.334 1.750 1.400 1.167 1.000 0.875 0.778 0.700
zD 1.800 0.900 0.600 0.450 0.360 0.300 0.257 0.225 0.200 0.180
xwD 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
ywD 7.000 3.500 2.334 1.750 1.400 1.167 1.000 0.875 0.778 0.700
zwD 1.600 0.800 0.533 0.400 0.320 0.267 0.229 0.200 0.178 0.160
xeD 20.000 10.000 6.667 5.000 4.000 3.333 2.857 2.500 2.222 2.000
yeD 14.000 7.000 4.667 3.500 2.800 2.333 2.000 1.750 1.556 1.400
zeD 8.000 4.000 2.667 2.000 1.600 1.333 1.143 1.000 0.889 0.800
rwD 0.200 0.100 0.067 0.050 0.040 0.033 0.028 0.025 0.022 0.020
α1 0.0004 0.003 0.010 0.021 0.038 0.058 0.079 0.100 0.116 0.125
α2 11.112 44.447 100.01 177.799 277.816 400.058 540.912 692.621 918.390 1111.236

tD PD P
′
D

1.0× 10−2 0.060703 0.096312
1.0× 10−1 0.293492 0.075854
1.0× 1000 0.510108 0.075054
1.0× 1001 0.716294 0.075011
1.0× 1002 0.917864 0.075008
1.0× 1003 1.115223 0.075008
1.0× 1004 1.304935 0.075008
1.0× 1005 1.496823 0.075008
1.0× 1006 1.683832 0.075008
1.0× 1007 1.872349 0.075008

(a) Table 2:The values of PD and P
′
D

when LD = 3.3330

tD PD P
′
D

1.0× 10−2 0.030347 0.048149
1.0× 10−1 0.146724 0.037921
1.0× 1000 0.255016 0.037522
1.0× 1001 0.358093 0.037500
1.0× 1002 0.458863 0.037498
1.0× 1003 0.557528 0.037498
1.0× 1004 0.652370 0.037498
1.0× 1005 0.748299 0.037498
1.0× 1006 0.841790 0.037498
1.0× 1007 0.936034 0.037498

(b) Table 3: The values of PD and P
′
D

when LD = 6.6670
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tD PD P
′
D

1.0× 10−02 0.020232 0.032101
1.0× 10−01 0.097821 0.025282
1.0× 1000 0.170019 0.025016
1.0× 1001 0.238741 0.025001
1.0× 1002 0.305924 0.025000
1.0× 1003 0.371704 0.025000
1.0× 1004 0.434935 0.025000
1.0× 1005 0.498891 0.025000
1.0× 1006 0.561221 0.025000
1.0× 1007 0.624054 0.025000

(a) Table 4: The values of PD and P
′
D

when LD = 10.0000

tD PD P
′
D

1.0× 10−02 0.015175 0.024076
1.0× 10−01 0.073367 0.018962
1.0× 1000 0.127517 0.018762
1.0× 1001 0.179060 0.018751
1.0× 1002 0.229449 0.018751
1.0× 1003 0.278785 0.018750
1.0× 1004 0.326209 0.018750
1.0× 1005 0.374178 0.018750
1.0× 1006 0.420926 0.018750
1.0× 1007 0.468052 0.018750

(b) Table 5: The values of PD and P
′
D

when LD = 13.3330

tD PD P
′
D

1.0× 10−02 0.012139 0.019260
1.0× 10−01 0.058691 0.015169
1.0× 1000 0.102009 0.015009
1.0× 1001 0.143242 0.015000
1.0× 1002 0.183551 0.015000
1.0× 1003 0.223018 0.015000
1.0× 1004 0.260956 0.015000
1.0× 1005 0.299329 0.015000
1.0× 1006 0.336726 0.015000
1.0× 1007 0.374425 0.015000

(a) Table 6: The values of PD and P
′
D

when LD = 16.6670

tD PD P
′
D

1.0× 10−02 0.010116 0.016050
1.0× 10−01 0.048910 0.012641
1.0× 1000 0.085009 0.012508
1.0× 1001 0.119370 0.012501
1.0× 1002 0.152962 0.012500
1.0× 1003 0.185852 0.012500
1.0× 1004 0.217467 0.012500
1.0× 1005 0.249446 0.012500
1.0× 1006 0.280611 0.012500
1.0× 1007 0.312027 0.012500

(b) Table 7: The values of PD and P
′
D

when LD = 20.0000
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tD PD P
′
D

1.0× 10−02 0.008671 0.013758
1.0× 10−01 0.041924 0.010835
1.0× 1000 0.072866 0.010721
1.0× 1001 0.102319 0.010715
1.0× 1002 0.131112 0.010714
1.0× 1003 0.159304 0.010714
1.0× 1004 0.186403 0.010714
1.0× 1005 0.213814 0.010714
1.0× 1006 0.240527 0.010714
1.0× 1007 0.267456 0.010714

(a) Table 8: The values of PD and P
′
D

when LD = 23.3330

tD PD P
′
D

1.0× 10−02 0.007587 0.012038
1.0× 10−01 0.036682 0.009481
1.0× 1000 0.063756 0.009381
1.0× 1001 0.089527 0.009375
1.0× 1002 0.114720 0.009375
1.0× 1003 0.139387 0.009375
1.0× 1004 0.163099 0.009375
1.0× 1005 0.187082 0.009375
1.0× 1006 0.210455 0.009375
1.0× 1007 0.234017 0.009375

(b) Table 9: The values of PD and P
′
D

when LD = 26.6670

tD PD P
′
D

1.0× 10−02 0.006744 0.010700
1.0× 10−01 0.032607 0.008427
1.0× 1000 0.056673 0.008339
1.0× 1001 0.079580 0.008334
1.0× 1002 0.101975 0.008333
1.0× 1003 0.123901 0.008333
1.0× 1004 0.144978 0.008333
1.0× 1005 0.166297 0.008333
1.0× 1006 0.187074 0.008333
1.0× 1007 0.208018 0.008333

(a) Table 10: The values of PD and P
′
D

when LD = 30.0000

tD PD P
′
D

1.0× 10−02 0.006070 0.009630
1.0× 10−01 0.029347 0.007585
1.0× 1000 0.051006 0.007505
1.0× 1001 0.071623 0.007500
1.0× 1002 0.091778 0.007500
1.0× 1003 0.111512 0.007500
1.0× 1004 0.130482 0.007500
1.0× 1005 0.149669 0.007500
1.0× 1006 0.168368 0.007500
1.0× 1007 0.187218 0.007500

(b) Table 11: The values of PD and P
′
D

when LD = 33.3330

We observed that from Table 2 to Table 11, as LD increases both PD and P
′
D

decreases during the in�nite-acting �ow period. Dimensionless horizontal well

length is inversely proportional to both the Dimensionless pressure and Dimen-

sionless pressure derivatives. During early radial �ow period dimensionless pres-

sure grows with dimensionless time, whiles dimensionless pressure derivatives

stabilizes and kept constant during early radial �ow period, this is the time when

the well is initially open for production and non of the reservoir boundaries is

been a�ected by the �ow. Therefore early radial �ow period has a slope of zero.
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V. CONCLUSION

We studied early radial �ow period by both analytical and numerical methods.

We use Source and Green's function with Newmann's product to analytically

formulate the early radial �ow model. The parameters of the early radial �ow

were implemented on matlab. We solved well test analysis of a horizontal well

in a completely bounded isotropic reservoir by both analytical and numerical

methods, and the numerical results shows that as we increased LD both PD and

P
′
D decreases. We compare our solution with several other numerical approaches

that had been used in the past to solve well test analysis of a horizontal well in a

completely bounded isotropic reservoir like Gauss-Legendre quadrature, Laplace

transform and �nite di�erence methods.
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