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Introduction

Formation damage has always been a major challenge
in several branches of the petroleum industry such
as reservoir engineering and production technology,
particularly during drilling, completion, production,
and workover operations It usually affects the near-
wellbore area, it can potentially extend deep into the
formation. During drilling and completion, formation
damage is mainly caused by the invasion of drilling
and/or completion fluid to the pay zone and the
compaction of rock due to perforation . Given the
fact that the productivity of the well is influenced by
near-wellbore permeability, ormation damage may
adversely reduce the productivity of the well. Hence, it
is essential to mitigate the impact of formation damage
on the well productivity by recognizing the damage
mechanisms which entails understanding the fluid
flow in the vicinity of the wellbore [1,2].

Drilling mud pressure is maintained higher than
formation pressure in an overbalance drilling. The
pressure difference causes invasion of mud filtrate
into the formation. The invasion of mud filtrate into
a reservoir will increase water saturation in a near-
wellbore zone. This zone is called the invaded zone
(the skin zone) or the damaged zone. Moreover, gas
saturation in this zone will decrease. Hence, gas
effective permeability of formation will decrease.
Many researchers have developed models to estimate
drilling mud filtrate invasion into a well [3,4]. In this

Accepted: February/22/2021

paper, a mathematical model is presented for a water-
based mud filtration into a horizontal well, including
the presence of the mud cake layer and irreducible
water saturation.

There have been many research studies conducted to
better understand the fluid flow in the vicinity of the
wellbore, particularly around the perforation tunnels.
The first analytical model to predict the fluid flow and
pressure drop through perforation was developed by
Muskat [6]. Civan et al described the single-phase fluid
flow through an ideal perforation in the steady-state
conditions by proposing a two-dimensional analytical
model. They also investigated the effect of different
boundary conditions on the core flow efficiency and
evaluated the accuracy of the model by comparing
the results with that of the FLUENT software [2, 5].
Nguyen performed an experimental study of non-
Darcy fluid flow through perforation using water and
air as the injected fluids. He presented the flow rate and
pressure drop as functions of the perforation geometry
and gravel permeability [7].

In his model, the perforations were considered as
the mathematical sinks distributed spirally around
the wellbore not extended into the formation. The
fluid flow in a perforated porous media by applying
the FVM on the governing equations in 2D schemes
have been simulated. The single-phase simulations
for each phase have been conducted under the steady-
state condition. The simulations for two-phase flow
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in different inlet circumstances have been performed
under the transient conditions.

Modeling and Validation
Single-Phase Fluid Flow

The averaging volume method can be used to derive
equations governing the single phase flow in porous
media. The standard Navier—Stokes equation is
required to be modified in order to model the fluid
flow in porous media by adding a momentum source
term. The source term includes a viscous loss term
correcting the pressure drop in the porous medium and
an inertial loss term would be added to the momentum
equation when the fluid flow is turbulent.

There are number of assumptions for the single-
phase fluid flow simulations which are expressed here:
Porous media was initially saturated with the fluid, the
simulation was performed at steady-state condition
and there was no gravity-driven flow in the system.
Multiphase Fluid Flow

The VOF method was employed to model the
immiscible two-phase flow in the studied perforated
porous medium. The method considers a volume
fraction for each phase occupying a computational
cell. The volume fractions of all phases in each
control volume must be equal to unity. The interfaces
between the phases can be monitored by solving
a continuity equation for the volume fraction of the
phases. Momentum equations should also be solved
throughout the domain to obtain the velocity profiles
which are shared among the phases. Conventional
numerical approaches to simulate the multiphase flow
in porous media should be modified with a relative
permeability function to include an additional pressure
drop due to the interaction between the phases flowing
in the medium. However, this additional pressure
drop is already taken into account in the VOF method
and automatically calculated through solving the
momentum equations, which has been used in our
developed model. The system has been idealized as a
homogeneous medium with identical pores. Therefore,
the capillary pressure would be even throughout the
domain. It must be noted that for heterogencous
systems, an additional equation should be considered
to link the pore size distribution with the capillary
pressure. Our assumptions for the two-phase fluid flow
simulations are the pressure-based solver was used, a
single-phase initial condition was considered for all
the cell zones, the secondary gas phase was considered
as a compressible fluid and there was no gravity-driven
flow in the system.

Mud Filtrate Distribution Model

In order to measure the extent of formation damage,
a well-known skin factor parameter, s, from Hawkins
is used. This skin factor depends on two parameters,

invasion depth of mud filtrate and permeability
reduction in the invaded zone. To estimate these
parameters, mud filtrate distribution in the invaded
zone must be considered. Mud filtrate distribution is
simulated and investigate the effect of drilling mud
filtrate on increasing the skin factor.

This model is validated by using the published data
from Yan et al. (1997). In this test, invasion depths of
drilling fluid were measured from 30 min of filtration
in 14 core samples [8]. The estimation results from the
model are compared to the measured results and to
Yan et al.'s empirical correlation. The invasion depth
predicted by the model is in good agreement with the
published result

Modeling

A perforation tunnel surrounded by a porous medium
was considered as our physical model, similar to the
core sample used by Nguyen [7]. A 2D schematic of
the perforation tunnel, the space between the casing
wall and the wellbore filled with the gravel, and the
porous zone. We utilized the GAMBIT software to
create consistent geometries and mesh.

A first-order upwind discretization scheme was
implemented to solve the momentum and volume
fraction equations with convergence criteria based
on the residual values of the calculated parameters.
The threshold values were set to 0.000001 times the
initial residual value of each variable. The phase-
coupled semi implicit method for pressure-linked
equations (SIMPLE) algorithm, an extension of the
SIMPLE algorithm for multiphase flow, was also used
to couple the pressure and velocity terms. The time
step for the unsteady state conditions was considered
as 0.001 s. The grid independence analysis and the
optimized number of grids were achieved by checking
the variations in the velocity values and the volume
fractions as the objective parameters. As the variations
in the calculated objective parameters were within 2%,
the number of grid cells was assumed to be optimum.
The optimum number of grid cells has been obtained
as 56,000 for the 2D geometry. The applicability of
the CFD model has been investigated by comparing
the simulation results with the experimental data
provided by Nguyen and Ahmmed. Good agreements
are observed between the simulation results and the
experimental data [1,5].

Conclusions

In this paper, numerical simulation of production
behavior around a perforation interval in one-
phased and two-phased state is studied. The effect of
perforation geometry in formation damage studied by
using CFD (computational fluid dynamic) method.
The damage caused by drilling mud penetration in
perforation intervals was analyzed. Simulation results
are validated by using available data in the literature



and the evaluation results are acceptable.

One-phased state model simulation around perforation
intervals and drilling mud penetration model into
formation is done by using COMSOL software,
and two-phased flow simulation around perforation
interval and formation damage estimation caused by
that modeled by Fluent software, using volume of
fluid method.

Evaluation results show that geometry of perforations
and its design have a significant effect in system
pressure drop. Compact zone around perforations is a
key factor in pressure drop system.

Drilling mud penetration in first 20 cm of perforation
has a huge effect on increasing skin.

Increasing length and diameter of perforations causes
decreasing skin. In order to reduce cost of perforation
bullets in perforation operation, the 20 cm length is
suggested at most.

In multi-phase flow in reservoir, the second phase
causes more pressure drop. Suitable and optimum
perforation design has an important role in controlling
multi-phase flow.

The mutual effect of perforations in production flow
of reservoir and well is analyzed and production
flow profile of well is studied. As perforation
numbers increased then pressure drop of reservoir
decreased. Design and arrangement of perforations are
important to prevent the overlap of flow lines between
perforations and to reduce additional pressure drop
on the system and minimize e skin factor around well
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bore. A Maximum of 6 (holes per foot) is appropriate.
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