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ABSTRACT

The potential improvement of horizontal productivity has been recognized since mid 19505, where horizanial well
allows longer flow imterval hence higher flow rate with lower pressure drawdewn. Such remarkable productivity improve-
meni fus fascinated the greal interest of petroleum industries avound the world to fit the role of effective field development
airategy. The objective is to reduce the overall cost of field developmens. In the case of affvhore ail fields, the horizontal
well drilling iv desived to eliminate required number of vertical welly and utilizing of expensive sub-sea technology.

The continuows development and application of horizontal well drilling technologies have been reparted in many
publications, Nowadays, the horizontal well drilling and compietion with complex trajectory Is possible. However, the
casts reguired by horizontal well drilling and completion s still considerably mare expeniive than the vertical ome. The
Suture needs of horizonral well drilling tend to arive depending on the economical avpect by meany the harizantal well
productivity outweigh the incremental drilling and completion costs. An adequate method i required to estimare itk
expecied productivity to determine the economic feasibiline. This paper proposes a horizontal well performance modeling
by the concept af psewdawell technique.

L INTRODUCTION This paper introduces a new approach to model the
horzontal well performance using pseudowell technigue.
Many authors have proposed different approach 1o Ihis concept uses several pseudowells to represent a hori-

miudel the harizontal well performance. Various assump- zontal well. The main goal of this work is to provide an
tians are introduced to simplify the problem. Joshi sug. altemative in form of  reliable and practical method for
gested an analytical equation under assumptions of steady- evaluating the horizontal well performance.

state flow condition, infinite conductivity wellbore, and el-
liptical drainage volume. Giger” established an analytical

equation similar 1o Joshi on the basis of infinite conductiv- Il PSEUDOWELL MODEL

ity wellbore, homogeneous-isotropic reservair, and horizon- The implementation of pseudowell model 1o represemt
tal well located in the center of reservoir height. Babu™ de- a horizontal well is illustrated in Figure 1. The horizontal
veloped an analytical equation under assumptions of uni- section is divided into several segments and each segment
form flux and pseudo-state Mlow condition. Goode and s represented by a single pseudowell, If L is the total length
Kuchuck" generated a model based on assumplions of infi- of horizontal well and N is the number of pseudowell, the

nite conductivity wellbore and no-flow or constant pres-
sure outer boundary. Dikken" presented s model under as-
sumption of turbulent flow, single phase and finite conduc- ;
tivity (taking into sccount pressure gradient along horizon- i i
tal wellbore). The Dikken model facilitates the incorpora-

tion of liminar and multiphase flow if a complete mixing . |

inedes

of the phases occurs inside the horizontal section assuming ! e s o s e e b

a homogeneous fluid phase with average properties. The -

rescrvoir properties along the horizontal section are taken ' Y - |
as constant {uniform specific productivity index), - e, Hﬂl" -
eventhough the model allows variable specific productivity - Ahorizantal well is modal 3ted as ten
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length of each pseudowell is equal to L =L/ N, All
pseudowells are assumed identical as fractured vertical wells
with a hall-fracture length of x, =L_/2. By adopting the
concept of apparent wellbore radius, the psendowell can be
considered as a vertical well by substituting the weil length
with an apparent wellbore radius (r_ ). The apparent wellbare
radius is calculated depending on the assumption of wellbore
hvdraulic model. Gingarten® suggested the apparent

wellbore radius as:

X5 ¥y Uniform Mux hydraulic

E..m =

" e 27182 model (1)
Infinite conductivity hydraulic

F,,_ =ﬂ-‘|'gﬂ u' m:ﬂ!lﬂl II}

General solution of pressure transicat for radial flow in
vertical well has been presented in many publications. The
solution in dimensionless form is expressed as:

Roltn, ) = -%E[%EE] (3)

Where:
§) I e
QuB

kt

t‘ﬂ = _¢+H:tri.

r
rn = m—
r"

me"rl
Efx) = !T cu

For the value of , = 104, then the E -function can be
approximaied as the logarithmic function of

4 1
E'[ﬁ] . —[| .E!. rn.ausru?] i

By substituting equations 3 and 4, then a new equation
can be obtained as :
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Puﬁuﬂuh%['"{%)*“-mm?] “

If no physical outer boundary, according to Diezt shape
factor the infinile acting pened of radial Now geometry in
vertical well will end at time t,=0, 1. The ultimate radius of
ivestigation of the well is reached at time =025, Radius
of investigation is described as:

|I Kt
= (B}
SuUCy

The pressure solution for peoudo steady-state cond-
tion can be derived from equations 5 and 6 with t= 0.25.

Rofr) = %[Ir{g] u.smz} =

By analogy, the pressure solution for pseudowell can
be abtained from equation 7 by substituting r with r_ us

]
ool = %["{ ;:] . n.s:r:r'zz] (%)

In many il fields, the reservoir may not isotropic (1Le,
vertical permeability is normally less than loleral perme-
ability) and the horizontal well location does not always in
the center of reservoar hetght. The psevido skin factor should
be then taken into account in equation § to sccommodate
the effect of reservoir anusotropy and well eccentricity re-
sulting in:

O=2li ) 057722425
Polr)=3 ,&;J-- b (9

The psendo skin factor (5 ) is defined by Joshi as:

.2
(Et‘ it {FHI;F
= phD {140}
where:
k
- _.ﬂ.
P K,
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kp = (kxky i 4"ih[hr1—n.ﬂ?22+25p] =

i =distance from reservoir midhelght t horizontal wellbore

By combining equations 12 and 13 can be gencrated

matrix form as;
i SoRY i i P =Py Iy I | |[Q
The position of each pseudowell along the horizontal A-Paa|=1Zz Za Iy |*|Q (14)
P~ Pun Inl £a7 Zem Qn

well section is expressed as;

s L 11

Xy = (n-0.5) N ( If the hydraulic wellbore model assumed infinite con-
ductivity, hen P, =P _ =P, implying no pressure gradi-

The interference between pseudowells are connected oo e e g
by tiom peinciple which i il 0 Ei 2 :m_ulunf the :nﬂm:: m!!‘ml:!iun. The fow rate distri-
The superposition principle (o represent a horizontal well Mo % g mu::p_lmntedhyﬁl, Qe
by N e i -, while the total flow rate is provided by the summa-

pocidawelis Ipnm:l ) tion of ), through () .

V. EXAMPLE

A simple horizontal well drilling is conducted in
homogeneous and undersaturated oil bearing zone. The
objective i o calculate the mflow performance of horizon.
tal well and flow rate distribution along the horizonial sec-
tion !

{ A. Reservoir Data

Reservoir thickness (h =73 feet)

Radius drainage model (A = 120 acres)

Lateral permeability in x-direction (kx = 150 mD)
Lateral permeability in y-direction (ky =150 mD)
Vertical permeability in z-direction (kz= 60 mD)
Initial reservoir pressure (Pi = 1 750 psi)

Bubble point pressure (Pb= 450 psi)

Ol viscosity (j, = 3.5 cp)

Oil formation volume factor (B =1.2).

In order to simplify the equation 12, a new parameter
is defined with respect to pseudowell location as below:

2 -
A - Put u%ﬁ!mrri—-uﬂ?uusp], BBl _os57722 fisplq-...,ﬂ'ﬂ'ﬂ[h—-u.mz -25,]
wa

=t

2 2 : 2
H—Fm=‘—h‘— |nJ; 0.57722 + 25, 4%[|n:_n.5mz+ﬁ, 1.....1%“{! m;*;-u.snuqsp}

| _ _ :
o )
A ~Pan = b2 inL - 057722+ 25, +.§l"3[|n"_-u.mufzs,, 4 vt 2nilD |n—r:—-u 5??1:&5,}

]
| [ 'm ] -5

(12)

T2
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B. Horizonial Woll Data

Well diameter (D= 18.5 inch)
Total well length (L=750 feet)
Number of pseudowell (N=10)
Well position (8 =10 ft)
Infinite conductivity wellbore.

| L o o R e T

- |
o
H
|| I'Hl -
i
18| .
= ey .
| Figure & |
Inflow performanca relationship {IPR) of horizontal wall

By implementing equation 12, 13 and 14, the problem
can be solved using Gauss elimination method, The Mow
rate calculation for vanous P, are tabulated in Table |
through Table 5. The calculation process 12 performed in 51
units in order 1o minimize errors due to the use improper
unit conversion factor. However, inpul and output data are
still presented in field univ amed at convenience of practi-
cal operator. The result of Mow rate distribution along the
horizontal section for vanoes P is presented in Figure 3,
while inflow performance relationship (IPR) 15 exhibited in
Figure 4

Y. DISCUSSION

The assumptson of infinite conductivity wellbore model
i normally valid for relatis el shon horizonial section and
under laminar flnd Now regime inside the wellbore. Al-
though the above simple example used an infinite condue-
tivity wellbore model, however, the concepl described in
this paper can be epsily modified 1o sccommodale more
complex cases, For instaney, by taking into account the pres-
sure gradient along the honzonial well ihat can be made by
modifving equation 12 The pressure gradicnt along the
honzontal section becomes significant for multiphase flow
condition, viscous Nud, gravitational effect and the effect
of radial Mow from reservoir through perforations

V1. CONCLUSIONS
The conclusions af this paper can be summarized as |

1. Aniliernative approach to evaluste the honzonial well
performance has beea provided by implementing the
concept of pscudowe!l techmique. Hopefully, it will help
1o obtain the most prospective horzontal well drilling
in the field development strategics.

2. The proper evaluation horizontal well performance 1s
important before the decision to drill is taken. It is
intended to ensure that the expected well productivity
imiprovement outweighs dnlling and completion cost
when compang (o vertical well drilling.

Nomenclature

il formaton volume facior

O total conzpressibiliny

0 wellbore diimelor

k. : permeability in x-direction

k, permeability in y-direciion

ks ¢ permeability in z-direction

L i length of pseudowell

Py dimensionless pressure

£ initial pressure

Py =Py wellbore pressure

Q Mevw rale
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2 total flow rate

ro dimensionless radius

r radius of investigation or reservoir radius

T wellbore radius

[ apparent wellbore radius

Sp pseudo skin

' time

n dimensionless time

Iy Half fracture length

Il Joshi parameter

d Disrance wellbore to midheight
TESErvoir

¢ porosity

M viscogity.
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