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Abstract 

The Gulf of Suez basin contains many fields most of these fields confronting with water invasion. Inflow control technology is used to man-

acle the unfavorable effects of water coning phenomena that delay water breakthrough. It balances the inflow between well bore and comple-

tion by adding extra pressure drop between the reservoir and the well bore. This paper describes modeling of using inflow control devices in 

Gulf of Suez horizontal wells that never used this technique before and also compare this modeling of prediction data with the actual data for 

horizontal well already completed and produced from long time suffered from water infringement. The analysis was done for heterogeneous 

and homogenous reservoir with different models of using ICD and AICV and compared to actual perforated cased well. The results showed 

that the well completed with ICD and AICV obviously higher oil production performance, meanwhile AICD is somewhat getting better than 

ICD in homogenous well and much better in heterogeneous well. Inflow control device technique would be able to delay water production 
for long time than the actual perforated open hole well in the Gulf of Suez province. 
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1. Introduction 

Oil wells generally produce an excessive amount of gas and water over time, reducing production time and overall oil recov-

ery. The primary causes of these issues are mainly early water/gas breakout in the wellbore (Shi, 2016).this develops as a result 

of: Frictional pressure losses along the completion (the heel-toe effect), The heel-toe effect is the differential in specific inflow 

rate between the well's heel and toe caused by frictional pressure decrease along the completion. When the frictional pressure 

decrease is similar to well drawdown, the impact becomes considerable. Because of increased oil production, the gas oil con-

tact (GOC) and water oil contact (WOC) move quicker at the heel, resulting in gas/water coning (early gas/water break-

through) as seen in (Figure 1). Gas/water coning produces excessive production of water and gas in the wellbore, stifling oil 

production from lower productive areas and reducing oil production time and cumulative oil output (Shrama, et al., 2015). 

Reservoir permeability heterogeneity: Fluid will flow more easily via higher permeability zones than through low permeable 

ones. Additionally, the movement of GOC and WOC will be greater in the higher permeability parts, which leads to water co-

ning and an early water/gas breakthrough in the wellbore, as well as an excessive amount of water, gas, or both being produced 

(Mukherjee, March 1981). Overall effects include a decrease in oil output in the lower permeability areas, which will shorten 

production times and overall oil production. 

Fig.1 Water and gas breakthrough in homogeneous reservoir 



 

 

Fig.2 Combined effect of Coning and Heel-toe effect and mitigation using ICD (Håland, 2017).  

To overcome these challenges DFCs have been installed a well completion screen known as an Inflow Control Device (ICD) 

restricts fluid flow from the annulus into the base pipe as illustrated in (figure 3). The restriction can take the form of channels, 

nozzles or orifices. Inflow control devices were first developed in the 1990s (torbergsen, et al., 2010). ICDs are well comple-

tion devices that were created to balance the flow of fluid throughout the wellbore by adding an additional pressure drop in the 

low-pressure zones. When ICDs are placed GOC and WOC will travel uniformly. These decrease the amount of water and gas 

that first enters the wellbore and make it easier to produce oil as shown in (Figure 2). 

 

2. Problem description 

There are many factors affecting oil production in the oil reservoir and also there are many ways of mitigating them, but in this 

work, the study of the performance and effects of ICDs and AICV in comparison to traditional completion in the well perfo-

rating the oil reservoir with an underlying aquifer was done. The study was done for horizontal well suffered from high water 

production through the well live result in heel toe effect.  

3. Main objective 

1. To model/estimate expected reduction in well water production rate with ICD and AICV® Installed in heterogeneous 

and homogenous well bore. 

2. To compare the performance of well perforated liner completion with ICD and AICV® installed. 

3. To evaluate the economic value of using ICD and AICV. 

4. Basic Assumptions 

NETool simulations are based on the following assumptions: 

1. Three phase black oil based PVT formulation of the hydrocarbon fluid system with oil, gas and water.  

2. Isothermal, steady-state flow conditions for sub-sonic flow conditions. 

3. The flow within the well is locally one-dimensional, i.e. the annulus or tubing flow between two adjacent nodes 

along the well is averaged over the cross section within the annulus or tubing. 

4. The general pressure drop calculations within the annulus and the tubing are general momentum balance equa-

tions for pipe flow (Bernoulli) including friction, compressibility and hydrostatic phenomena. 

5. Linear Darcy flow equation is used if annulus is filled with gravel or collapsed rock. 

6. The pressure drop calculations through completions components are based on a variety of different configurable 

correlations or equations depending on the actual component (Faisal T. Al-Khelaiwi, et al., 2008). 

7. The network geometry of nodes and flow channels is sufficiently general to allow simulation of most completion 

types, however, simple enough to satisfy the requirement of computational efficiency and numerical stability. 

8. No flow in the annulus parallel to the completion pipe i.e. the flow will be from the reservoir into the ICD's noz-

zles directly. This assumption is plausible while ICDs are combined with a number of packers. (João Fernandes, 

2009) 

9. ICDs of the same strength of pressure drop are created through the completion. This is the most favorable tech-

nique of ICD application due to the simplicity of installation and design (Halvorsen, April 2016). 



 

 

 

 

Fig.3 ICD schematics (courtesy of Weatherford). 

5. Numerical modelling methodology 

NETool is building a numerical model based on the reservoir, completion, fluid and simulation setup information. Therefore 

shielded from the logic and algorithms described below. When building the numerical model the individual components in a 

well completion are mapped onto a discretized network system consisting of nodes with flow connections linking the nodes. 

The general node configuration is presented in (Figure 4). The uppermost row of nodes in this figure shows the layer of reser-

voir nodes (also called external nodes). The next four rows of nodes represent annuli within the well, and the lowermost row 

represents the inner production tubing. The number of annular layers depends on the completion type. As mentioned above the 

user is shielded from the details of the numerical network shown and described above. Via the NETool user interface, specifies 

reservoir properties, completion type and configuration along the well. All parameters can be varied, mixed and combined 

along the well making it possible to model complex completion. NETool defines the numerical network and the pressure drop 

correlations to be used for each individual flow connection. This is based on the specifications supplied by the user. Flow be-

tween the reservoir layer and the annulus layer (top row and the next one) is specified by advanced PI correlations involving 

3D permeability averaging and phase exchange effects towards the wellbore. By configuring the completion type, the fluid 

flow performance between the annuli and Tubing layers, within the annuli layers, and within the tubing layer can be modeled. 

(Figure 5) shows a node system used for Inflow Control Valve completions, which typically consists of ICVs, packers and 

blank pipes. This nodal network is the results of a completion where flow from a long area of the formation is controlled by a 

single entry point into the tubing and where the annular flow is separated from other entry points by packers. 

 

Fig.4 NETool General Node Configuration 

 

 

 

 

 

 

Fig.5 Node Configuration for ICD Completion 
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6. Field Case Study 

The paper contains two producer wells form gulf of Suez-Egypt. 

Which are located in Badri field one of them (Bad-B17) is homoge-

nous and the other one is heterogeneous well (Bad-A16) and the 

both are horizontal well. 

Badri field is located just to the northeast of the major El Morgan 

field in the Merged Concession area on the eastern side of the 

southern Gulf of Suez as shown in (figure 6). Oil is produced from 

two formations; the Kareem and the overlying Belayim. 

Fig.6 Badri field at Gulf of Suez 

6.1 Reservoir Characteristic 

The Kareem Formation is a mid-Miocene syn-rift submarine fan delta deposit derived from the eastern margin of the rift. The 

sediment source is probably related to lateral extension of the transfer zone into the hinterland. The main Badri fan depocentre is 

located close to the crest of the field and gradually shales-out to the north, south and west. A subsidiary fan system may also exist 

to the south of the C platform. However, some of the fans do extend westward into North Morgan. The Kareem reservoir is 

generally a high (0.7-0.9) net-to-gross section, dominated by medium to coarse grained arkosic sandstone of good reservoir 

quality (porosity 15-25%, permeability 100-1000 MD) with thin interbedded shales. Badri Kareem P (50) hydrocarbons 

initially-in-place are determined to be 328 MMBO and 662 BCF of gas (440 BCF initial gas cap). This is a slight downward 

revision, primarily as a result of incorporating the porosity overburden correction (0.90).There are discontinuous vertical flow 

barriers/baffles between major flow units (e.g., between the K3 and K4 flow units). These barriers are key to understanding 

historical Badri Kareem well performance and predicting future performance. It is difficult, however, to correlate the lateral 

extent of these barriers based on log and geological data. (Figure 7) shows Cross-sectional model showing effects of flow 

barriers/baffles. 

Fig.7 Map of Badri field reservoir 

 

 

 

 

 

 

 



 

 

 

6.2 Field Geology and reservoir data 
 

Table 1: geology, reservoir and fluid data of Badri field 

 

 

 

 

Style of Trap: Fault block (10 km x 3 km)  

Reservoir Objective: Mid Miocene Kareem Formation. 

Lithology: Sandstone with minor shale inter-

beds 

Depth to Crest: 5,900 ft TVDss 

Area of Closure: 3290 acres 

Total Rock Volume: gas cap 557,555 acreft; oil leg 

746,665 acreft  

Gas-Oil Contact: 6,240 ft TVDss  

Oil-Water Contact: 6,420 ft TVDss  

Average Porosity: 19% 

Average Permeability: 100 - 1000 mD 

Average Water Saturation: 30%  

Residual Oil Saturation to Water flood: 30% 

Reservoir Datum: 6,100 ft TVDss 

Initial Reservoir Pressure: 3,013 psia  

Reservoir Temperature: 173 F  

API Gravity: 32 

Solution Gas-Oil Ratio:  680 scf/bbl @3013 psia 

FVF Oil: 1.38 @3013 psia 

Bubble Point Pressure: 3013 psia 

Oil Viscosity: 0.68 cp @3013 psia 

Oil Density: 0.71 g/cc @3013 psia 

Gas Gravity: 0.756 

Deviation Factor Zi: 0.817 @3013 psia 
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6.3 Well-A (BAD-A16)  

It completed on 1-May-94 as a Karim Producer with initial rate of 6344 BFPD and 3.5 %WC by perforating the intervals from 

8440’ to 9410’ ORKB. The well was shut in from Dec.99 to july.2002.ON 15 June. 2002 well performance showed drop in 

production rate from 1267 BFPD to 730 BFPD at same W.C 12 % so, this is evidence of sand fill may be laying in horizontal 

section , which mean CTU and PSP is required for this well. On 26 Oct. 2002 The well was W/O using CTU assist with Rig to 

clean the wellbore to PBTD and run PSP/RST logs and isolate all intervals by setting MBPT @ 7900' ORKB & Perf the fol-

lowing intervals from 7556 TO 7610, 7730 TO 7780. On 10 march. 2017 Re-completion as BABA formation, set ICR plug 

using CTU at 7200', leaking, installed SECOND one using SLB. Couldn’t pass with the cement bailer, installed THIRD one at 

6680' ORKB & Perf the following intervals from 6575’ to 6625’with initial rate + 8 MMscfd,  As shown in Figure (8).  

Fig.8 production performance of well BAD-A16 (Dist., 2021) 

 

6.4 Well-B (BAD-B17)  

The well was completed on 11 Dec.1998 as a horizontal Kareem Producer with initial rate of 3799 BFPD and 9 %WC by per-

forating the intervals from 7500’ to 8510’ ORKB. The well was S.I. since July 24, 2005 as per Cairo reservoir team request. 

On 23 NOV. 2014 W/O was done to isolate Kareem-2 intervals while producing from horizontal Kareem-3 with initial rate of 

3799 BFPD and 9 %WC by perforating the intervals from 6950’ to 7247’ ORKB. On 2 NOV. 2020 W/O was done to WSO by 

Set 7" TTBP @ ± 6,740ꞌ ORKB capped with 9.6 ft. cement and perforated from 6693’ to 6378’ ORKB. Well performance 

across production years showed in (figure 9).  

 

Fig.9 production performance of well BAD-B17 (Dist., 2021) 



 

 

 

7. Modelling of Well-A (BAD-A16)   

The Downhole control was simulated by installing the Inflow Control Devices (ICDs). The well bore divided into six com-

partment based on well log. The lower five section against Karim formation and the only upper one against baba formation. 

The inflow profile is the key to optimize the design of well inflow control. According to the model, the reservoir and comple-

tion data are springy then the open hole completion and ICD nozzle diameter are calculated. The well performance can be 

adapting by adjusting the nozzle size of the ICD after completion of the well using the Flow control device (Zeng, et al., 2013). 

When the ICD nozzles size increases, the well performance increases plainly at first, and then the productivity decreases grad-

ually.The generic nozzle ICD is the type that is use for applying in this modeling. In each joint of 20 ft. has 6 hole per joint, the 

ICD hole size start from 0.15”, 0.25, 0.375, 0.50, 0.625, 0.75” from upper section to lower one. Installed straddle packer and 

plank pipe between all sections to avoid crossflow form one to the other. First section is 96 ft. had six of 20 ft. joint, the second 

one is 217 ft. had eleven of 20 joint and from third one to sixth are 120 ft. had seven of 20 ft. joint. The play maker in pressure 

drop in each segment is the changing in ICD nozzle sizes while contributing the same number of inflow control devices per 

joint.The curves in Fig. 5 is the pressure drop created across ICD and drawdown of each segment for 10 years. By optimizing 

the pressure drop through adjusting the ICD nozzles, the lower zone the bigger size. The deeper segment has the lower draw-

down pressure which is around 15 psi, the upper segment has the higher drawdown pressure which is around 50 psi.so, the 

difference between the higher and the lower is around 35 psi. The second simulation run was performed to model the reservoir 

behavior with AICD intelligent technology. In this case, the wells were operated under the same constraints as the base case 

model. The curves in (figure 11) is the pressure drop created across AICD and drawdown of each segment for 10 years. The 

upper segment has the higher drawdown pressure which is around 40 psi, the lower drawdown pressure which is around 20 psi, 

the upper segment has the higher drawdown pressure which is around 20 psi.so, the difference between the higher and the 

lower is around 20 psi. The well modeling shows that the using of AICD Increasing the pressure drop in the lower zones that 

lead to uniform the drawdown across the all segments more than using ICD. Accordingly, it will change the well performance.  

Fig.10 pressure drop and drawdown across ICD and AICD for Well-A 



 

 

8. Modelling of Well-B (BAD-B17) 

The well bore divided into seven segment according to the well log and reservoir parameter. The well pay zones are homoge-

nous which produced from Kareem formation. According to the model, the reservoir and completion data are springy and then 

the open hole completion and ICD nozzle diameter are calculated.  The well performance can be adapting by adjusting the 

nozzle size of the ICD and the number of AICD. When the ICD nozzles size increases, the well performance increases. The 

lower four segment plus the first one are 173 ft. divided into five joints of 40 ft. with 6 devices per joint. The third segment is 

243 ft. divided into 7 joints of 40 ft. The second segment I s208 ft. divided into 6 joint of 30 ft. The ICD hole size start from 

0.15”, 0.25, 0.375, 0.50, 0.625, 0.75”, 0.865” from the upper section to the lower one. Installed straddle packer and plank pipe 

between all sections to avoid crossflow form one to the other (Rasa Soleimani, 2018). The curves in (figure 12) is the pressure 

drop created across ICD and drawdown of each segment for 6 years. By optimizing the pressure drop through adjusting the 

ICD nozzles, the lower zone the bigger size. The deeper segment has the lower drawdown pressure which is around 10 psi, the 

upper segment has the higher drawdown pressure which is around 55 psi.so, the difference between the higher and the lower is 

around 45 psi. The second simulation run was performed to model the reservoir behavior with AICD intelligent technology. In 

this case, the wells were operated under the same constraints as the base case model. The curves in Fig. 6 is the pressure drop 

created across AICD and drawdown of each segment for 6 years. The upper segment has the higher drawdown pressure which 

is around 50 psi, the lower drawdown pressure which is around 10 psi .so, the difference between the higher and the lower is 

around 40 psi.  

 

Fig. 11 pressure drop and drawdown across ICD and AICD for Well-B 



 

 

 

9. Simulation results 

(Well-A) figure (12) shows the results of model when used ICD Completion, The Oil production after 10 years of production 

reached to 700 BBLD with water cut 43 %. While, AICD completion oil rate after 10 years of flowing production reached to 

900 BBLD with water cut 34 %. On the other side, the observed actual perforated liner production was low and reached to 300 

STB/D, water cut 99% and needed to shut well off some times. 

(Well-B) The performance of ICD was expressed by the restriction of water inflow. Oil production was optimized and in-

creased 1400 BBLD up to 2007 of the life of well with water cut 60%. While, using AICD completion the oil rate reached to 

1500 BBLD with 53 % of water cut. On the other hand, the actual live perforated liner performance was very limited with 70 

% water cut as shown in figure (13). 

Fig. 12 the model results for well-A (Bad-A16) 

 

Fig. 13 the model results for well-B (Bad-B17) 



 

 

10. Discussion 

In this paper, we have investigated using detailed numerical simulation of the well performance with inflow control devices, 

and how the FCD’s effect on the water rate and associated pressure drop change when using ICD and AICDs in a completion. 

Our models have provided a new marbles into the flow performance when using AICD and ICD, which led to a different pres-

sure drop compared to observed perforated liner. The modelling applied on two horizontal wells one of them is a heterogene-

ous formation with different reservoir pressure and permeability and the other one is a homogenous formation with the same 

pressure and permeability. The new point in this paper, is the Gulf of Suez wells ready to use inflow control devices or not. 

Moreover, to find out the impact of using AICD completion over using ICD completion. It should be reported that the output 

curves could be affected by deviation angle, fluid density, fluid viscosity, FCD parameters and number of FCDs. over the last 

decade, a significant number of papers addressing numerous aspects of ICD technology application have been published. Most 

of them use the effect of one type of inflow control devices on well performance (Moradi, 2021). The models used here applied 

on two wells with two types of inflow control devices. So, we believe that the benefit of this numerical model is that it pro-

vides insights into the ICD technology at Gulf of Suez province. 

 

11. Conclusion 

In horizontal well water production rises rapidly, and one of methods to heal this phenomena is installing inflow control de-

vices. The installation place, number and flow restriction of ICD have focal influence on the water control. In order to maxim-

ize the effect of water control and oil increase, ICD should be installed in the high-permeability zone of the horizontal well 

section. 

Reservoir model with horizontal well has been built by numerical software and run in simulator for different completions in-

cluding the open hole, ICDs completion and AICV completion. The installation of inflow control devices in horizontal well 

increased the oil recovery (RF) significantly, and this had been proved by the results of the reservoir model. Well-A 

(BAD-A16) whereby producing with AICD completion increased the RF by 60 % and ICD completion increased by 40% 

when compared against the open hole completion as shown figure (14). Well-B (BAD-B17) in which modeling shows that 

water cut reduced to 60 % when well completed with ICD completion while 57 % when it completed with AICD completion 

on the other hand the actual perforated liner well invaded by 80 % of water cut after 6 years of startup well as shown in figure 

(15) .  

In horizontal wells in homogeneous reservoirs (well-B), the difference effect of ICD and AICD on water control and oil rate is 

not much. In heterogeneous reservoirs (Well-A), the difference effect of ICD and AICD on oil recovery is obvious. All model-

ing results indicate that Gulf of Suez wells will improve their productivity if such technology is applied.  

 

Fig.14 Recovery factor and water cut for well-A 



 

 

 

 

Fig.15 Recovery factor and water cut for well-B 
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