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a b s t r a c t

Aiming at the large error in productivity predication and incomplete consideration in completion pa-
rameters design of perforated horizontal well, a model which coupled the relationship of pressure and
flow rate in reservoir seepage, near-wellbore inflow and wellbore flow was established. The impact of
near-wellbore heterogeneity, wellbore flow pressure drop and completion parameters on the inflow
profile of horizontalwell is analysed. Studies showed thatwith a stronger near-wellbore heterogeneity,
the inflowprofilewouldfluctuatemore seriously. Perforationdensityhadagreat influenceon the inflow
profile and local changes of it would bring a shunt effect. Completion design of variable density
perforatedhorizontalwellwith anoptimized inflowprofilewhichwas close to a standard profilewould
improve the horizontal well development effect. The achievement can provide directive meanings to
productivity predication and completion parameters design of horizontal wells in oilfield.
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1. Introduction

In early years of researches onhorizontalwell productivity, the
calculation of horizontal well productivity was mainly based on
the comparative evaluation with respect to vertical well, con-
version into an equivalent form to vertical well or an assumption
that horizontal well was equivalent to an infinite conductivity
fracture in isotropic reservoir. These theories did not give enough
consideration to the influence of fluid flowing characteristics,
formation heterogeneity and pressure drop caused by horizontal
wellboreflowonproductivity. So the accuracyof the calculation is
not satisfactory. Recently, many researchers have made argu-
ments that the calculation can be achieved by calculating seg-
ments respectively after dividing horizontal well into several
separate segments, with the optimization of completion param-
eters [1�5]. Based on consideration of the impact of near-well-
bore heterogeneity, drilling & completion damage and pressure

drop caused by fluid flow through perforation holes& wellbore
flow, the author in this paper comes up with a model which
couples the relationship of reservoir drainage, near-wellbore
anisotropic inflow and horizontal wellbore flow. Then optimized
calculation of inflow profile for horizontal well is made to obtain
the improvement of horizontal well production prediction.

2. Mathematical model

During the production process of horizontal well, there is
dramastic pressure drop in near wellbore area and the effect of
formation heterogeneity is also remarkable. On the other hand,
pressure drop is small in area far from wellbore and the het-
erogeneity can be neglected [6]. Assume that the area far from
wellbore is homogeneous with average parameters, then the
drainage flow model in formation can be established. Consid-
ering permeability inhomogeneity, drilling & completion dam-
age and flow streamlines convergence in near wellbore area, the
inflow model for each segment along horizontal well can be
obtained as well. Additionally, wellbore flow model can be
gained by including wellbore flow and inflow from near-well-
bore area into wellbore. After combining the relationship of
pressure and flow rate from the three models above, the pro-
ductivity calculation of perforated horizontal wells and optimi-
zation of inflow profile can be realized.
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3. Reservoir drainage model

Divide the horizontal section into N segments from heel to
toe, then set up reservoir drainagemodel according to the theory
of seepage and principle of potential superposition [7,8]:

Pe: Supply Boundary Pressure, Pa; Pwi:Pressure onwell wall of
horizontal segment i, Pa; r: fluid density, kg/m3； g: gravity ac-
celeration, m/s2; ze: distance between supply boundary and
bottom boundary of oil zone, m; zwi: distance between well wall
and bottom boundary of oil zone in horizontal segment i, m; m:
fluid viscosity, Pa$s; K: oil zone average permeability, m2; Qi:
inflow rate of horizontal segment i, m3/s; Li: length of horizontal
segment i, m; 4ji: the middle function of potential in horizontal
segment j caused by production of horizontal segment i,

4ji ¼ �4pLi
Q i

�
K
m ðPwj þ rgzwjÞ � C

�
, C is constant and dimentionless.

4. Model of near-wellbore inhomogeneous inflow and flow
through perforation hole

In consideration of drilling & completion damage, the model
which demonstrates pressure drop during inflow from conflu-
ence boundary through near-wellbore formation reaching
outside perforation hole and flow process through perforation
hole is as follows [9�11]:
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DPhti： total pressure drop caused by near wellbore
drainage and flow through perforation hole in horizontal
segment i, Pa; DPhi:pressure drop during flow from confluence
boundary to outsides perforation hole in horizontal segment i,
Pa; DPri pressure drop caused by flow through perforation hole

in horizontal segment i, Pa; Lei: the radius of confluence
boundary in horizontal segment i (non-homogeneity calcula-

tion radius), m, Lei ¼
h=sin

�
pzwi
h

�
2p , h is the oil layer thickness, m;

Lpi: perforation depth of horizontal segment i, m; Rw: wellbore
radius, m;

S: skin factor of horizontal segment i, dimentionless,
S ¼ Sd þ Sp ¼ Spg þ Spc, Spg: geometry skin factor of perforation,
Spc: compaction skin factor of perforation; Kei: permeability near
wellbore without completion damage in horizontal segment i,
m2; Ksi: permeability near wellbore with completion damage in
horizontal segment i, m2; Kyi: permeability near wellbore with
compaction damage in horizontal segment i, m2; ni: number of
perforation holes in horizontal segment i; rpi: radius of perfo-
ration hole in horizontal segment i, m; whenLpi=ð2rpÞ<0:5,
Cd ¼ 0.62, otherwise Cd ¼ 0.82.

5. Wellbore flow model

According to hydromechanics theory, in variable mass
flow of horizontal segment i, the pressure drop model is
[12�19]:

DPi: pressure drop due to wellbore tube flow in horizontal
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