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Abstract One of the main challenges facing fluids of production from horizontal wells is an irregular influx
along a horizontal section because of various drawdown across the wellbore due to heterogeneity in
permeability. As a result, horizontal wells suffer from early water or gas breakthrough and declining recovery
factor of hydrocarbons. To avoid this problem lower completion becomes more reservoir management-
oriented by installing inflow control devices (ICDs) which wused to balance influx along
the horizontal well section, increase sweeping efficiency and improve oil recovery . This paper focuses on the
Inflow Control devices (ICDs) to identify the advantages of ICD completion, ICD applications types, what their
strengths and weaknesses are, limitations of this technology and recommendations for choosing it, including
the Libyan Case Study of Bouri Field in Libya. In the absence of Inflow Control devices, the gas and water
flow influence oil well production, causing a reduction in oil rate, increased water and gas rate cause further
oil recovery reduction, and limitations in the surface's capacity of water and gas treatment facilities.
Keywords: gas and water breakthrough, horizontal well, inflow control devices, applications.
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Introduction

The general idea for a smart completion (smart
achievement), Oil or Gas wells drill regularly,
where the main part to distinguishes them and
give them the characteristic of intelligence is the
method of completing wells and equipment that
download during completion, whether vertical or
horizontal, where they equip with modern
technology devices that improve the performance
of the production wells and can control the
equipment for completion by an electric method or
Hydraulics together, bottom hole gauges,
temperature sensor, density, and viscosity sensor.
In which case do we need smart well technologies:
First: In the production wells, improving the
productivity of the well to control the production
of the layers due to different permeabilities and
reducing the high production of water. Second: In
water injection wells where we need to control the
injected water, so it does not go to the higher
permeable area more than the low permeable area
through the so-called zonal completion.

There are several ways to complete the smart well,
and the equipment that lower into the well, and
these methods are:

. Plugs and Packers.

. Zonal Isolation (Completion).

. Mechanical External Casing Packers MECP.

. Inflow Control Valves ICV.

. Inflow Control Devices ICD.

. Autonomous Inflow Control Valves AICD [1].
Inflow control technology is a

technology for the production of oilfields and is
also more advanced and expensive. The sensors
and valves installed down-hole to enable easy
monitoring and control. The valves regulated
remotely by the conditions perceived by the
sensors [2].

Well-Dynamics was the first smart well
implemented at Snorre oil field in the North Sea
by Saga Petroleum in 1997. Since then, hundreds
of smart well systems implemented around the
world [3].
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To optimize reserves recovery through the use of h
orizontal wells, the fluid requires control

through the reservoir.

The approach of inflow control devices
is progressively common to use it and reducing
the amount of bypassed reserved [3].

Inflow Control Devices (ICDs) has the potential to
improve the sweep efficiency and clarity of a
mature well completion technology that provides
uniformity of the inflow profile by restricting high
specific inflow segments while

increasing inflow from low productivity segments
[4].

The produced fluids get in the completion by
means of screen and flow in the annular space
between  the screen and the  unperforated
base pipe. The restriction can be in form of
channels or nozzles/orifices, but irrespective the
ability of an ICD to balance the flow along the well
length is due to the variation in the physical laws
dominating the fluid flow in the reservoir and
through the ICD. Liquid flow in porous media is
usually laminar, as a consequence the
relationship between the flow velocity and the
pressure drop is linear. By contrast, the flow
regime through an ICD is turbulent, resulting in
the relationship between quadratic
velocity /pressure drop [5].

Because that, horizontal wells drilled at an angle,
there usually occur problems of gas and water
conning at the heel of the well due to frictional
pressure drop a variation of the permeability
along the well, and or pressure drop along the
completion’s flow path due to friction losses
usually known as “heel-toe effect.” It has found
from previous researches that the installation of
Inflow ICD relieves such problems. ICD in most
cases installed as a part of the sand face
completion hardware. It proposed in the early 90s
as a solution to the above problems associated
with horizontal and multilateral wells.Inflow
Control Devices are getting more and more
popularity and applications in different reservoirs
[6].See Fig. 1,Fig. 2, Fig. 3, Fig. 4, Fig. 5, and
Fig.6,for more information and to show various
types of Inflow Control Devices and Intelligent
Completion Valves.
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flow rate profile created by the ICD [6].
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Sand Screen Base pipe

Holloal channels

Fig. 2:The Channel type of ICD [6].

Ceramic nozzle

Resinject housing

Fig. 3:Housing unit section of Nozzle type ICD [6].
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Fig. 4: The flow pattern in Nozzle ICD [6].

Fig. 5: Oil producing from ICV [9].
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Fig. 6: ICV shut-off in gas production [9].

Properly combined with well segmentation, the
ICD completion benefits include pressure profile
change along the wellbore, minimizing horizontal
well heel-to-toe effect, the balanced influx from
high and low productive zones, reduction of gas
and water coning [7].

The ICD’s resistance to flow depends on the
dimensions of the installed nozzles or channels.
This resistance often refers to as the ICD’s
“strength”. It sets at the time of installation and
cannot adjust without recompleting the well [5].
The Channel type ICD is excellent in corrosion
eradication and has a limitation in that it cannot
adjust at the rig site and is sensitive to changes in
fluid viscosity [6].

The nozzle type ICD has a prefabricated number
of nozzles ranging from 1 to 4 inches, for each
section. The pressure drop achieves when the

fluid enters through the nozzle.This is according

to Bernoulli’s law.

Unlike the channel type ICD, the nozzle type ICD
is adjustable at the rig site and the pressure drop
is insensitive to fluid viscosity although it depends
on the fluid viscosity [6].

Inflow Control Valves (ICV), It is valves being
designed to shut-off during duty, unwanted fluid
inflows at completion joints [8]. In the individual
sections the Passive Intelligent Completion Valves
(ICV) are installed for the well, generated in the
annulus with the help of inflow control valve(ICV)
and zonal isolation packers. The devices will
benefit from  an effect of self-change of flow
variations along the wellbore. It delays mostly the
water breakthrough and sometimes prevents the
gas breakthrough. It improves the sweep efficiency
by balancing the fluid flow at the upstream point
[9].

A Choice Between Inflow Control Technologies.
The design of an advanced completion for a
particular field application often includes
feasibility studies on both ICV and ICD. The
choice between these two technologies is not
always obvious and the need for general method
on making this choice recognize by the petroleum
industry [5].

When selecting ICD’s, it should keep simple. A
more complicated design ICD can theoretically
work better with multiple structure types and
functions combined, but down-hole with dynamic

conditions of fluid type, density, and viscosity,
reservoir pressure and temperature, the flow
condition is a function of time. When one section
of ICD fails (plugging, erosion, or other
mechanical causes), it well directly impacts the
flow of the well [9].

The application areas of the ICV and ICD
technologies have developed so that they overlap.
K. H. Henriksen et. Al, 2006. They used ICD
completion to yield a higher recovery of oil and
more sand control, the improved sand control
results from screen system inflow distribution
functionality. The channel type of ICD was used,
it gives a high accurate of flow resistance profiles
at low flow velocities, two simulations are
running, one without ICD and one with ICD, the
case of ICD gave an increased oil production of
200,000 stated in standard cubic metres (Sm3) in
17 years, the gas breakthrough delayed by
approximately 100 days [10].
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Fig 7: cumulative oil and GOR production with
ICD and without ICD vs. time.

P Fernandes et al .2009, investigate how and
when the ICD is used, a channel type of ICD was
used, an integrated analysis method of (inflow)
and (outflow) is used to generate the flow profile of
a horizontal well, the horizontal well flow model
with a black oil reservoir simulator (Eclipse) is
used to calculate the relationship between the
flow rate and pressure distribution.

Al arfi et al., (2008), discussed the case where the
reservoir has a high permeability and long
wellbore to represent the high flow rate condition,
also, simulate the well performance with ICD and
without ICD, for this case the well performance
[12], are shown in Fig 8.
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Fig 8: Cumulative production

The ICD’s improves the flow condition, the oil flow
rate distributed evenly, and the water production
decreases [8].
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Main Functions of ICVs and ICDs
1. Remote control - ICVs deliver reservoir
and production management advantages
giving more flexible field development,

increased value of information¢ improved

clean-up etc.

2. Flow conduit diameter - The ICV’s
reduced inner flow conduit diameter
increases the “heel-toe” effect compared to
an ICD for comparable borehole sizes.

3. Multilateral well applications - ICVs,
unlike ICDs, can only install in the well’s
mother bore because of limitations of
control umbilical technology to connect to
both the mother bore and laterals at the
junction.

4. Design,

Installation procedure

complexity, Cost and Reliability—ICV

Technology is more complex; hence ICDs
have the advantage in terms of simpler
design and installation, and lower costs.
Although the simplicity of the ICD would
imply greater reliability, there is little or
no available operational data to support
this, particularly when considering the
greater likelihood of ICD plugging, due to
scale, asphaltenes, waxes, etc., compared
to ICVs.

Reservoir Engineering ﬂ Costs —\
[ 1. Uncertainty in Reservoir Descripion
2. More Flexible Development 13, Equipment Cost
3. Number of Control Zones

ﬁTuhing Size 14, Installation \
5. Value of Information a) Complexty

6. Multitateral Wells b) Rk
1. Multiple Reservoir Management

Q. Formation Permeability j \ ° RgTme

9. Long Term Equipment Reliahility
10. Reservair lsolation Barrier
11, Improved Clean-Up

12. Acidizing or Scale Treatment
Production Technology

Fig.9: ICV vs. ICD comparison framework for
oilfield applications [5].

ICD Applications Types

Different ICD configurations and scenarios
normally investigated to arrive to an optima
completion solution for a particular well and
reservoir. This sensitivity analysis determines
nozzle size, number and location along the
completion and to test a need for well
segmentation / zonal isolation [10, 11].

The Methodology

The methodology of this paper is a qualitative
method. It provides descriptions of Inflow Control
devices and information about beliefs, opinions
and relationships with other tools.

According to previous studies of ICD devices
applications, and analysing what have presented

by researchers. This work compared and identify
the similarity and the differences

and focuses on the Inflow Control devices (ICDs)
to identify, the advantages of ICD completion, ICD
applications types, what their strengths and
weaknesses are, limitations of this technology and
recommendations for choosing it, including the
Libyan Case Study of Bouri Field in Libya. The
development of this research to achieve and
optimize best results in the future.

Review Case Study

1. Libyan Case Study of Bouri Field

The field discovered in the 1970s, and
subsequently developed with two platforms (DP3
and DP4) and 82 development wells. Since start-
up, oil production often affects by high water cut
and gas-oil ratio due to conning and fingering
phenomena through the extensive fracture
network of this carbonate reservoir. The operator
was establishing an advanced method of
controlling gas and water encroachment in a
fractured carbonate reservoir characterized by
high vertical permeability. The Bouri field has two
horizontal wells, drilled at the end of 2009, where
ICD completion technology was implemented.
Reservoir Challenges of Bouri Field

Bouri field is a carbonate reservoir of fair
horizontal permeability, and high vertical
permeability, the field still produces under
primary recovery mechanism, is above bubble-
point pressure, and supported by strong bottom
and edge water drive and strong gas cap drive, the
reservoir has a high content of H2S and CO2.

1. ICD functions and operations

Reservoir fluids enters the screen and flows
through the ceramic nozzles, when the fluid
enters the nozzles, the potential energy
transforms into kinetic energy, which absorbs in
the main flow through the base pipe, thus
resulting in a pressure drop between the annulus
and the tubing.

Different nozzle sizes are available, making it
possible to design ICD completion to the required
well geometry and flow rates, the ICD nozzle
setting can be pre-set, or alternatively may
perform on-site making the system very flexible
for real-time operations use [7].

2. Material technology

The Bouri Field produces with a high content of
H2S and CO2, needing nickel alloy metallurgy to
overcome the severity of the environmental
conditions. All equipment ran in hole, including
ICD and base-pipe, built in Inconel 825 or 28Cr-
32Ni materials, including inserts for all ceramic
nozzles used.

3. Nodal analysis simulation

Prior to ICD installation, sensitivity constrains to
run nodal analysis should determine or agreed
upon allowing to define the completion layout:
nozzle number and sizing for each ICD segment,
as well as minimum number and location of ICD
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completion segments / compartments or zonal
isolators.
In our case the wells are open hole, and
completion with ICD’s tested for various
parameters. The results affected by permeability
variations in the reservoir and fractures, thus
showing that a proper time solution requires to
realize the best final design.
Wellbore hydraulic simulation was done in both
injection and production cases, in production
case, the results shows good potential in
decreasing total Gas-Oil Ratio throughout gas-
breakthrough, in injection mode, the results show
good injection performance, thus achieving the
main goals of using ICD’s.
The ICD nozzle configuration adjusted at the well
site before running the final completion.
The main challenge in Bouri, beside the heel-to-
toe effects, was the strong gas cap above the oil
column, expected to have an important impact on
production performance with time.
The final design of the ICD system was finally
compared with open hole (without ICD) scenario,
assuming breakthrough in various parts of the
well. The ICD case showed better management of
the well, the GOR reduced to almost 2/3 in the
case of heel gas breakthrough.
4. Dynamic model simulations
A well with ICD technology first modelled using
the hydraulic simulation software, 3D modelling
offers additional advantages to evaluate ICD
performance as a function of the changing
reservoir fluid characteristics, viscosity, density
and velocity through well life.
In this particular, the scenarios generated by
hydraulic nodal analysis model are integrated into
reservoir simulator. The inflow and outflow
performance used to generate the flow profile of a
horizontal well and additional frictional pressure
drop created by the ICD completion with time, to
estimate total oil recovery and develop the final
design scenarios.
In order to evaluate the potential upside of the
ICD design, the two Bouri horizontal wells
simulated in Full Field Reservoir Model (FFM), The
design procedure consisted of several phases.
Hydraulic simulator first used to evaluate
different ICD scenarios.
The next step was to simulate the nozzle size
configurations to assess the ICD field performance
in time, as extreme caution is required to avoid
any over-restriction to oil production, the nozzle
configurations  selected for the dynamic
simulation were:
i. Configuration A: 4 nozzles per ICD joint
(joint length 31.5 ft).
ii. Configuration B: 4 nozzles with about
half of the area of configuration A per
ICD joint (joint length 31.5 ft).
A total of 69,120 cells introduced into full field
reservoir model (FFM) with an average cell size of
(48 x 48 x 28) ft for well#1 and well#2.
The final scenarios were done with nozzle
selection recommended by the hydraulic nodal
simulator, and constrained by the field and
network controls to investigate the estimated
benefit of the ICD completion systems:

JOPAS Vol.19 No. 5 2020

i. Open hole case: FFM with
segment/branch structure and local grid
refinement near wellbore for well#1 and
well#2.

ii. ICD case: FFM with ICD completion in
well#1 and well#2.

The FFM for both cases was run from 2009 for 10
years.
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Fig. 10: Cumulative gas production (from the
heel)

The advantages of ICD completion
presented where open hole case has early gas
breakthrough at the heel of the well, while ICD’s
are minimizing the gas coning.
The figures below show that the ICD options and
oil production over the open hole case in both
wells, representing a production increase of 51%

for well#1 and 12% for well#2 respectively
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Fig.11: Well#1 oil rate and cumulative oil
production.
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Fig. 12: Well#2 oil rate and cumulative oil
production.

This is because the reservoir drawdown equally
distributed, and the entire wellbore experiences
inflow rather than mainly just portions toward the
heel.
Without ICD’s the gas flow dominates well
production, causing reduction in oil rate as shown
in figures below, increased gas rate causes a
further oil recovery reduction due to limitations in
the capacity of the surface gas treatment facilities.
The use of ICD reduces the gas the total gas
production about 10% in the well#1 and 19.5% in
the well#2 comparing to the open hole case [7].
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Fig. 13: Well#1 cumulative gas production and
gas production rate.
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Fig. 14: Well#2 cumulative gas production and
gas production rate.

Results and Discussion

The main objective of this study was to identify
the ICD applications in terms of production and
pressure distribution control, also, it deals with
the idea of materials selection suitable for
applying according to the reservoir conditions in
terms of the equipment resistance to the produced
fluids (the material selection has done in the
presence of some sour gas such as CO2 and the
H2S). Considering that this study Conducted on a
carbonate reservoir, thus the need to use sand
control equipment is considered unimportant in
contrast to the experiment referred to reference
[9], where the ICD was used with the control
equipment of sand production to achieve the best
performance of the wells by controlling sand and
gas production.

Through studying the previous case studies, was
distinguished that at the beginning of the use of
the ICD, gas production significantly controlled, in
exchange for an increase in oil production, but
after a period the gas production increases at high
rates, this increase in gas production because of
several reasons, the most important of which are:
1.Producing high quantities of oil compared to
gas.

2. Reservoir pressure decline over time, as it can
producegas at low pressures.

3. Geological reservoir and permeability
distribution through it.

4.Poor performance of the device due to
weathering caused by the flow of fluids through it
or because of corrosion caused by the production
of sour gases such as H2S & CO2.

5.The gauges and sensing probs used in the
reservoirs can also get affected by the deposited
wax especially in offshore wells

JOPAS Vol.19 No. 5 2020

84



Applications of inflow control technologies in horizontal well in Bouri Oilfield, Libya

hamid & Elhaddad.

Conclusion

Early water and gas breakthrough -cause
reduction in potential hydrocarbon recovery in the
absent of Inflow Control Devices and install these
devices to enhance oil recovery.

The impact of an inflow control device on
oil recovery is a function of time because reservoir
conditions will change during the life of a well and
this impact can be beneficial or detrimental to
production during Poor performance of the devices

Without ICD’s the gas flow dominates well
production, causing reduction in oil rate as shown
in figures below, increased gas rate causes a
further oil recovery reduction due to limitations in
the capacity of the surface gas treatment facilities.

The use of ICD reduces the gas the total gas

production about 10% in the well#1 and 19.5% in
the well#2 comparing to the open hole case [7].
Recommendations
In order to achieve the best performance of the
ICD, several factors must be taken into
consideration, the most important of them
1. Taking into account the reservoir geology
and performing the appropriate
completion operations on this basis.

2. Choose the right device in terms of design
based on reservoir conditions.

Abbreviations and Acronyms

(ICT): Inflow Control Technology

(ICD): Inflow Control Devices

(ICV): Intelligent Completion Valves

(FFM): Full Field Reservoir Model

(ICV): Inflow Control Valves

References

[1]- Jaworski AJ, Meng G., “On-line measurement
of separation dynamics in  primary
gas/oil/water separators: Challenges and
technical Solutions™—A review. Journal of
Petroleum Science and Engineering; 68:47-59
2009.

[2]- L. Aitokhuehi and L.J. Durlofsky,
(2005)"Optimizing the Performance of Smart
Wells in  Complex Reservoirs  Using
Continuously Updated Geological Models," J.
Petroleum Sci. Eng. 48, 254,

[3]-Y. Shuai et al., "Using Multiscale
Regularization to Obtain Realistic Optimal
Control Strategies,” One Petro 142043-MS,
Proc. SPE Reservoir Simulation Symposium,
21 Feb 11.

[4]- Usnich, A. V. et al, “Application of Inflow
Control Devices to Heterogeneous Reservoirs”,
ECMOR XII — 12th European Conference on
the Mathematics of Oil Recovery, 6 - 9
September 2010, Oxford, UK.

[5]- V. M. Birchenko, “Analytical Modelling of
Wells with Inflow Control Devices”, Institute of
Petroleum Engineering, Heriot-Watt
University, July 2010.

[6]- M. M. Oliver, “Application of Inflow Control
Device (ICD) For Optimizing Horizontal Well
Performance” University Technology
PETRONAS, Bandar Seri Iskandar 31750
Tronoh, Perak Darul Ridzuan, SEPT 2012.

[7]- H. M. Sharaf et al, “SPE 144565 Improving
Horizontal Wells Operation and Production
Management Through Deployment of Inflow
Control Devices in Bouri Field, Libya”, Society
of Petroleum engineers 2012.

[8]- E. K. Eltaher et al, “SPE 170780 Autonomous
Inflow Control Valves — Their Modelling and
Added Value” Society of Petroleum Engineers
2014.

[9]- P. Fernandes et al, 2009, “SPE 124677
Understanding the Roles of Inflow-Control
Devices in  Optimizing  Horizontal-Well
Performance” Society of Petroleum engineers.

[10]- K. H. Henriksen et al, 2006, “SPE 100308
Case study: The Application of Inflow Control
Device in Troll Field”, Society of Petroleum
Engineers.

[11]- E. Abllah et al, “SPE 144406 Application of
Inflow Control Valve (ICV) In Water Injector
Well: A Case Study on Alpha Field” society of
petroleum engineering 2011.

[12]- Al Arfi et al, December 2008, “inflow control
device an innovative completion solution”
international petroleum technology
conference, kuala lumpor, Malaysia, 3-5.

JOPAS Vol.19 No. 5 2020

85


http://www.onepetro.org/mslib/servlet/onepetropreview?id=SPE-142043-MS

