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Abstract 

During the last some years, there has been a lot of discussion about the challenges in the field of heavy oil 
production in horizontal wells. The Autonomous Inflow control Valve (AICV), which has been developed by 
InflowControl AS, is self-regulated and does not require external force to control the flow. AICV is a very new 
technology which has the capacity to increase the recovery of heavy oil from horizontal wells. In this report, a 
computational study of a thin horizontal reservoir section with AICVs is presented, discussed and compared with 
the conventional ICDs. The near well reservoir section is modeled by using reservoir simulation software Rocx 
in combination with OLGA. 

Two different cases were simulated for a well section of 992m. One case is with conventional ICD and another 
case is with AICV. Both cases were simulated with a differential pressure of 10bar. The reservoir section 
considered in both cases is homogeneous with permeability 5Da. 

The initial total oil production rate for both cases was 2500 m3/day. First, water breakthrough occurs in the heel 
side of the well due to heel-toe effect. When water break through occurs, the first AICV in the heel chokes the 
water production locally while the other AICVs are producing oil. In the similar manner, the other AICVs close 
locally after water breakthrough. Thus the water-cut is controlled and remains low. This gives a good 
representation of the AICV action and the recovery is increased. 

AICV can works reversibly also. The meaning is that the closed AICV starts to produce oil if it encounters 
higher concentration of oil. This reverse AICV action was observed in simulation after 10 days of production. 

The simulation shows that the recovery of heavy oil production with AICVs is increased by approximately 21% 
compared to conventional ICDs. 

Telemark University College accepts no responsibility for results and conclusions presented in this report. 
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Nomenclature 
Abbreviations 

 

AICD   Autonomous Inflow Control Device 

AICV          Autonomous Inflow Control Valve 

EOR   Enhanced Oil Recovery 

ICD          Inflow Control Device    

ICV   Inflow Control Valve             

GOR   Gas Oil Ratio 

LGR   Liquid Gas Ratio    

WC          Water-cut 

 

 

Letters and Expressions 

 

A   Cross-sectional area  [m2] 

Cv   Valve sizing coefficient [m3/ (sec.Pa1/2)] 

G   Specific gravity  [-] 

h   Permeable medium thickness [m] 

k   Permeability  [Darcy] 

p   Pressure  [Pa] 

Pe   Pressure at external radius [m] 

Pw   Pressure at wall  [m] 

Q   Critical flow through valve [Joule] 

q   Volumetric flow rate  [m3/s] 

r   Radius   [m] 

re   Effective radius of drainage area of the well [m] 

rw   Radius of wellbore  [m] 

v   Velocity   [m/s] 
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Vpa    Pore volume in the rock  [m3] 

z   Elevation or height  [m] 

 

 

Greek Letters 

µ   Dynamic viscosity   [Pa.s]   

ρ   Mass density  [kg/m3] 
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1 Introduction 

In this section, a short objective, background and out lay of this thesis is presented. The 

development of different inflow control devices is reviewed to study the newly invented 

technology Autonomous Inflow Control Valve (AICV) in the field of heavy oil production 

from horizontal reservoir. The main focus is given to the oil recovery by using different 

inflow control devices.  

1.1 Objective 

The goal of this thesis is to perform a near well simulation with OLGA-Rocx using different 

types of inflow control devices and water drive. Two types of inflow control devices are 

studied. One is conventional inflow control device (ICD) and another is a very new 

technology Autonomous Inflow Control Valve (AICV) developed by InflowControl AS. The 

production performance of the well section with ICDs and AICVs is studied. A discussion 

and comparison of results is carried out by focusing on oil recovery. 

1.2 Background 

During the last years, there has been a lot of discussion about the challenges related to heavy 

oil production from horizontal wells. The problems related to early water or gas breakthrough 

during production is one of the main challenges in horizontal wells. In order to overcome this 

challenge, different inflow control devices were introduced. Among these, ICDs have been 

developed for delaying breakthrough. AICDs delay breakthrough and choke for unwanted 

fluid after breakthrough. ICVs close for unwanted fluid but are not autonomous. The 

Autonomous Inflow Control Valve (AICV) is a very new technology which is a self-

regulating and do not require any control or force to regulate. Therefore, the AICV has a 

better ability to control the reservoir fluids that inflows from reservoir to well in comparison 

to other conventional ICDs.  

Regarding increased oil recovery, the aim is to maximize the heavy oil production within the 

available water handling capacity. The meaning is that producing oil without water. This can 

be performed by using inflow control devices in the production wells with the ability to choke 

the reservoir fluids. 
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The reservoir considered in this thesis is a homogeneous rectangular reservoir with 

conventional ICD and the new technology AICV.   

1.3 Report structure 

This thesis report is laid as follows. A theory describing different laws and principles which 

are applicable to inflow control devices and flow through porous media are described in 

chapter 2. This chapter also describes the choking phenomenon and a short description of oil 

production method by water drive.  The chapter 3 will continue about the different inflow 

control devices and their development. The CFD modeling of heavy oil reservoir with water 

drive is discussed in chapter 4. This chapter is an outlay on how the near well models are 

developed by using both conventional ICD and AICV.  The chapter 4 will be ended by 

presenting results and discussion.  Lastly, the conclusion is carried out in chapter 5. 
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2 Theory 

This chapter will focus on different relevant laws and principles in oil production process, the 

choking phenomenon and a short description of oil production method by water drive. 

 

2.1 Different laws and principles 

Production of oil from the reservoir is generally governed by two fundamental principles and 

laws. These two fundamental relations are Darcy’s law and Bernoulli’s principle. Valve sizing 

equation is also applied in order to know about the opening size of inflow control devices. 

 

2.1.1 Darcy’s law  
Darcy derived the equations of fluid flow in porous and permeable media. From experiments, 

he found that the velocity of the fluid ( v ) in a porous medium is directly proportional to the 

pressure gradient ( dxdp ) and inversely proportional to the fluid viscosity (  ).[1] 

Flow is laminar, incompressible and it should be in steady state are the assumptions of 

Darcy’s law. 

The mathematical expression for Darcy’s law is written as: 

 

dx

dp
k

A

q
v



1
          (2-1) 

 

Where k is permeability with unit Da. Q, A and µ are flow rate of fluid, cross-sectional area 

of porous media and viscosity of fluid respectively. 

 

If the flow of fluid takes place into the well of radius )( wr from the external radius )( er  under 

the influence of a pressure difference ep - wp , where ep is the pressure at the external radius 

and wp   is the pressure at the well, the permeable medium thickness h  is constant.[2] 
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Figure 1 Radial flow in a horizontal oil reservoir[3] 

 

 

The Darcy’s law can be written for radial flow as: 
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2.1.2 Bernoulli’s principle 

Bernoulli’s equation states that the sum of the piezometric pressure and kinetic pressure is 

constant along a streamline for the steady flow of an incompressible, inviscid fluid. 

Piezometric pressure is the sum of pressure due to elevation and pressure of fluid.[4] 
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  constant
2

2


v

zgp    (2-5)

  

              

where p, v, g and ρ are pressure, velocity, gravity and density of fluid respectively.  

This equation can be rewritten as: 

 

constant
2

2











g

v
z

g

p


 (2-6) 

 

For this variation of Bernoulli’s equation it has been assumed that the flow is incompressible, 

frictionless in steady state and that the flow follows along a streamline.[5] 

Equation (2-6) may be rewritten as Equation (2-7) 

 

 

g

v
z

g

p

g

v
z

g

p

22

2
2

2
2

2
1

1
1 


 (2-7) 

 

The first, second and third terms of Equation (2-7) represent pressure energy, potential energy 

and kinetic energy respectively. The first term representing pressure energy is related to the 

pressure of fluid. Potential energy is because of the fluids height or elevation, and the kinetic 

energy is related to the velocity of the fluid.[5]  

Suffix 1 and 2 represent two different points in the stream line or flow field. 
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2.1.3 Valve sizing equation 

Valve sizing equation relates a relationship between pressure drop and critical flow.[6]  

 

   
G

P
CQ v


          (2-8)

            

   

Where Q  is critical flow through the valve with unit m3/sec. vC  and P are valve sizing 

coefficient and pressure drop respectively. G  is specific gravity.  

The valve model uses a table that contains the valve sizing coefficients versus valve 

opening.[6] 
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2.2 Choking 

Choking is a principle used to control production rates for regulations, avoid sand particles 

due to high draw down and control water and gas coning after breakthrough. In general, there 

are two types of well head chokes in petroleum engineering. One is positive or fixed chokes 

and another is adjustable chokes. The choking is performed by fixing the wellhead pressure, 

the flowing bottom-hole pressure and production rate.[7, 8]  

Figure 2 is a typical choke performance curve which shows a relationship between flow rate 

and pressure ratio during choking. p1 and p2 are the downstream and upstream pressure 

respectively. The choke position changes from d1 to d2 during choking. q is the volume flow.  

 

 

 

Figure 2 A typical choke performance curve[8] 

 

The flowing bottom-hole pressure is determined by calculating pressure drop in the control 

device tubing for a given well-head pressure. 
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2.3 Oil production by water drive 

The role of a successful petroleum production system is to maximize oil and gas production 

from the reservoir in cost effective manner. In order to achieve this challenging task, 

familiarization and understanding of oil and gas production system by different methods is 

essential. In this thesis, oil production by water drive is considered. 

In this method, oil replacement by water from the aquifer may occur. When water is 

encountered into oil reservoir either naturally or artificially, oil is displaced by this water until 

the fluid saturation conditions are satisfactory.[2] There are various factors operating singly or 

in combine influences the replacement of oil by water. These factors are:[2] 

 

1) By volumetric volume expansion 

2) By hydraulic flow as a result of water infiltration 

3) By artificial injection of water 

 

Water injection may be carried out from the bottom or edge or it may be applied from 

periphery as a centerline drive or as a pattern flood. In this thesis, water-drive from the bottom 

of the reservoir is studied. The pressure profile of such reservoir is dependent on the pressure 

of oil production and the pressure of water injected. The oil produced from the water-drive 

field is supplied from wells located in advance of the water front in order to avoid the coning 

and water breakthrough.[2] 

 

Figure 3 shows oil saturation distribution in a water drive field. The pores in the rock where 

oil occupies initially, is filled by water due to oil extraction by water drive as shown in Figure 

3. 
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Figure 3 A typical reservoir sections with water drive from bottom[2] 
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3 Inflow Control Devices and their development 

Now oil and gas companies are looking for solutions that unite goal-setting, modelling, 

monitoring and analysis of the solutions to increase the recovery. Well completions today are 

very different from the traditional well completions. Different technologies were implemented 

before and several technologies exists which increases the production of oil. The reservoir 

complexity has increased, making horizontal wells to increase the contact area of production 

pipeline with oil reservoir, and an increase in the use of multilateral wells. Production of oil 

from horizontal oil reservoirs has a number of potential advantages; delayed water or gas 

breakthrough, increased drainage area and consequently increased well productivity. But the 

challenges related to oil production from long horizontal reservoir has increased. One of the 

challenges is the heel-toe-effect. 

In a horizontal oil well, the flow is coming from the toe towards the heel. The pressure at the 

heel is lower in comparison to that of toe, due to frictional pressure losses. As the reservoir 

pressure is considered constant, the pressure drop at the heel is greater than that of toe. This 

mechanism leads to heel-toe-effect. Figure 4 shows water, oil and gas layers with drawdown 

and coning effect. 

 

 

 

Figure 4 Gas, oil and water layers showing gas and water breakthrough 

 

In order to overcome these challenges, several technologies exist. The common solution is 

that they attempt to delay the breakthrough time. Use of inflow control devices is one of the 
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solutions of this problem. There are different devices to control zones in a reservoir. These are 

with an inflow control device (ICD), inflow control valve or autonomous inflow control 

valves (AICV). 

These control devices delays the water or gas breakthrough and allows the field to produce 

more oil. 

 

3.1 Mechanical Sliding Sleeves 

Mechanical sliding sleeves have been used as a starting phase of the development of inflow 

control devices. These sleeves have been used for decades in order to control the unwanted 

water production and excessive GOR for selective zones. Those sliding sleeves have been 

proven to be very robust. But there were some limitations to the use of sliding sleeves. It can 

only open and shut while the choking is not achieved by this sleeve.[9] 

 

3.2 Inflow Control Device (ICD) 

An ICD is a passive device fitted on a screen joint to control the fluid flow-path from the 

reservoir into the production well. An example of an inflow control device is shown in Figure 

5. These devices are mounted along the horizontal wells in order to improve oil production 

and recovery by applying restrictions to the flow.[10, 11] 

 

 

Figure 5 An ICD example[12] 
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The principle of ICD is to restrict the flow rate by creating an additional pressure drop. This 

restriction will reduce the flow rate in heel section to obtain uniform oil production along the 

well. The geometry of ICD’s restriction is set before installation. This means that it is not 

possible to change the diameter of the flow restriction after installation without intervention.  

After a certain time of production, frictional pressure drop and variation of permeability will 

lead to a non-uniform pressure profile and therefore gas or water breakthrough will occur.[10, 

11] 

The ICDs are ports having a fixed flow area. The recovery of oil increases significantly by 

using ICDs compared with wells without ICDs.[13] 

ICDs were first used at the Troll field in North Sea in 1992 by Norske Hydro. Weatherfords 

FloregTM, Baker Oil Tools EquilizerTM and Schlumbergers (Reslinks) ResflowTM are some of 

the well-known types of ICDs.[14] 

 

3.3 Autonomous Inflow Control Device (AICD) 

An autonomous inflow control device is a specific type of ICD which has the capacity to 

adjust the choking of the fluids depending upon the phases. AICDs are also mounted along 

the horizontal well in the same way as ICDs. The AICD chokes the flow of low viscous fluids 

while it allows the viscous fluid to flow. This is because of a moveable disk which is fitted in 

AICD as shown in Figure 6.[11, 13] 

 

 

Figure 6 Statoil’s Autonomous inflow control device showing flowing direction[11] 
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The flow path of fluid is shown by arrows. If more viscous fluid enters, the flow rate through 

the AICD becomes higher. At the same time the friction loss through AICD increases. Thus 

the pressure on the downside of the disk decreases resulting less force to move the disk 

upward towards inlet.[15]  

By using AICD, the well performance, production and recovery are higher after breakthrough 

compared to conventional inflow control devices.[11, 13, 15] 

 

 

 

Figure 7 Base pipe with AICD [11] 
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3.4 Inflow Control Valve (ICV) 

An inflow control valve (ICV) is a down-hole flow control valve that is controlled or 

manipulated from the surface by hydraulic, electric or electro-hydraulic system.[10] 

 

 

 

Figure 8 Example of a typical ICV[16] 

 

 

ICVs do not choke initial oil production significantly, and have the ability to choke or 

completely shut off the gas and water at the breakthrough point. These can only be operated 

over a limited number of zones- for example 5 per well. Monitoring system is also present 

with ICVs in order to early detect the water or gas breakthrough. The ICV system consists of 

different five components. These components are surface control equipment, control lines, 

connectors, gauges to monitor the flow and the valve itself. Because of the remote monitoring 

and control system on the surface, ICVs are relatively expensive and can be operationally 

unstable.[10, 13]  

The premium thermoplastic hydraulic chamber seals are designed to operate under high 

pressures and over temperatures ranging from 4ºC to 165ºC.[16] 
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3.5 Autonomous Inflow Control Valves (AICV) 

An autonomous inflow control valve (AICV) shown in Figure 9 is a very new technology 

developed by a Norwegian company InflowControl AS. AICV technology combines the best 

characteristics from both AICD and ICV.[13] 

 

 

       

 

 

 

 

 

 

 

 

 

Figure 9 AICV with 1 euro coin[13] 

 

 

AICVs are also mounted along the horizontal well in the same way as ICDs. By using AICV, 

water and gas flows are completely blocked autonomously at breakthrough. At the same time 

oil production will continue from other production zones through valves in order to obtain 

optimum oil production and recovery. This valve operates reversible also. This means it can 

open again when oil comes to the valve after breakthrough. The most interesting thing with 

AICV is that it does not need any electric or hydraulic control system. It operates self by 

using minor pilot flow through the laminar and turbulent flow element.[13] 
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3.5.1 Working principle of AICV 

AICV operates by two principles. These two principles are Darcy’s law and Bernoulli’s 

principle. These two principles are followed by laminar flow element and turbulent flow 

element which are placed in series in pilot flow of AICV as shown in Figure 10.[13]  

P1 is the reservoir pressure, P3 is the well pressure and P2 is the pressure controlling the valve. 

 

 

Figure 10 An illustration of AICV showing laminar and turbulent flow element[17] 

 

The laminar flow element is pipe section with certain length, L, and diameter, D. According 

to Hagen-Poiseuille equation, the pressure drop (ΔP) due to uniform laminar flow in a length 

(L) of a pipe of diameter (D) can be expressed as equation (3-1). 

 

 
32

  Δp
2D

Lv 



         (3-1) 

where   is the fluid viscosity and v  is the fluid velocity. This relation shows that the 

pressure drop through the restrictor is proportional to the fluid viscosity and the fluid velocity. 
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Theturbulentflow elementis anorifice like structureasshownin Figure10.

Accordingto Bernoulli’s law from equation(2-5),

22

2
3

3

2
2

2

v
p

v
p �� ��� (3-2)

22

2
2

2
3

32

vv
ppp �� ����� (3-3)

2

2
1

vCp ����� � (3-4)

WhereC is a geometricalconstantand � is thedensityof fluid. This showsthat thepressure

drop through the turbulent flow elementis proportionalto the densityand squareof fluid

velocity.But in this element,thepressuredropis independentof fluid viscosity.

The relationshipbetweenthe pressuredrop andthe fluid velocity in laminarflow element is

linearwhich is shownin Figure11.

Figure11 Pressuredropversusfluid velocityin laminar flow element
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oiloil PPP )()( 12           (3-5) 

 

 waterwater PPP )()( 12     (3-6) 

 

From Figure 11, 

 

 oilP)( > waterP)(    (3-7) 

 

 

From equation (3-7), we can express 2P  as: 

 

 oilP )( 2  < waterP )( 2    (3-8) 

 

The pressure P2 for heavy oil is lower than the pressure for water which is proven from the 

Figure 11 and equation (3-8).   

Hence the valve keeps open for heavy oil which exerts a lower pressure on the valve and it 

closes for water, since the valve exerts higher pressure for same amount of fluid flow.[13] 
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4 Near well simulation of heavy oil production 

The CFD modeling of heavy oil reservoir with water drive will be discussed in this chapter. 

This chapter also describes the different simulation cases in OLGA-Rocx. In this section, two 

cases are explained. The one case is the reservoir with conventional ICD and another with 

Inflow Control’s new technology AICV.   

For simplification, several assumptions have been made. 

1. Reservoir is homogeneous. 

2. Initially, the reservoir contains pure oil. 

3. Oil and water layer thickness are considered constant. 

4. Rectangular reservoir section is chosen. 

4.1 Homogeneous reservoir section modeling 
 

A 3D mesh for one section of heavy oil reservoir was created in Rocx. The reservoir length is 

992m with a thickness of 80m and depth is 20m as shown in Figure 12. The well bore section 

consists of ten inflow control devices. The distance between the two inflow control devices is 

99.2m. Each zone is isolated by using packers. The simulations were performed to study the 

AICV actions during oil production and to compare the oil production and recovery with ICD. 

 

 

 

Figure 12 Reservoir geometry with base pipe and inflow control devices 
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Two cases for a reservoir section with water drive are simulated in order to compare oil 

recovery. First case is with conventional passive inflow control device and second case is 

with new AICV technology. Both simulations are performed by using OLGA and Rocx. In 

the simulation, the choking is performed by using controller with the set point of 40% for the 

water-cut in both cases. Different properties of the cases are summarized in Table 4-1. 

 

Table 4-1Properties of the cases in simulations 

Properties Value 

Reservoir Dimension 992m x 80m x 20m 

Well length 992m 

Well diameter 0.2m 

Water drive pressure 10bar 

Set point for water-cut 40% 

 

 

 

4.1.1 Input parameters in Rocx 

The input parameters in Rocx include grid, fluid and reservoir properties and initial and 

boundary conditions for the wellbore and reservoir. The specific input parameters for Rocx 

are defined in Appendix 2. 

 

4.1.1.1  Grid 

A rectangular geometry is chosen for the reservoir section. The 3D grid of the reservoir 

section is shown in Figure 13. 
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Figure 13 3D grid of reservoir section 

 

 

The grid spacing in x and z direction is given as constant. In y-direction, the spacing of each 

grid is variable with finer grids near the wellbore. A 2D grid in XZ and YZ plane of the 

reservoir section is shown in Figure 14.  This reservoir section is made by specifying the 

number of grids with spacing in x, y and z direction in the grid option in Rocx. The spacing of 

grids in x, y and z direction is presented in Appendix 2. 

 

 

Figure 14 2D grids in XZ and YZ direction 
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4.1.1.2  Fluid and reservoir properties 

 

The properties of the fluid and reservoir section are presented in Table 4-2. 

 

Table 4-2 Reservoir and fluid properties 

Properties of fluid and reservoir section Value Unit 

Oil viscosity 100 cP 

Reservoir temperature 100 oC 

Reservoir pressure 130 Bar 

Reservoir porosity 0.3 - 

Reservoir permeability 5 Da 

 

 

The fluid considered is black oil. Two boundary feeds are defined with different values of 

water-cut (WC), gas oil ratio (GOR) and liquid gas ratio (LGR).  

 

4.1.1.3  Initial conditions 

The initial conditions in Rocx include the initial saturation of water, oil and the initial 

pressure and temperature of the reservoir. In the beginning, the production liquid will 

normally be oil. Therefore the initial saturation of oil is considered as 1. The initial pressure 

and temperature are 130 bar and 100 C  respectively.  

 

 

4.1.1.4  Well and reservoir boundary conditions 

Boundary conditions include the boundary pressure and temperature for well and reservoir. 

Ten different points are specified at each grid in x-direction, for well boundary. These points 

serve as a source for each inflow control devices. All of the boundary settings for each point 

are presented in Appendix 2. The reservoir boundary pressure and temperature are considered 

as the same as in the well boundary. 
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4.1.2 Different setup in OLGA 

In OLGA, two pipeline sections named flow path and pipeline are created with source, leak 

and different kinds of valves. These pipeline sections are divided into 10 small sections of 

length 99.2m each. Each small section is comprised of one inflow control device and two 

packers. A water drive pressure of 10 Bar is considered as a driving force for oil production.  

 

In the simulation with AICV, the valve is controlled with respect to water-cut in the well. The 

choking of AICV is controlled by using a controller with the set point of 0.08 for water-cut. 

This means that 92% of water is shut-off at water breakthrough. The action of AICV is that it 

should be totally closed for water. But 8% set point value for water-cut is defined in the AICV 

case in order to be able to get the simulations to work. 

 

 

4.1.3 Results and discussion 

A typical development for oil production from a reservoir is shown in Figure 15. In the 

beginning, the production liquid will normally be oil. As time passes, the production of water 

is increased. Production will stop when it is no longer economical to produce from the 

reservoir.  

 

 

Figure 15 A typical development of oil production 
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Phase behaviour 

The phase behaviour of the reservoir changes from the beginning of the production until water 

breakthrough occurs. Figure 16 to Figure 18  describe the behaviour of water flow in the 

reservoir in YZ-direction during production. During production, the water phase rises from 

the bottom of reservoir until it reaches the wellbore.  

 

 

Figure 16 Saturation of oil before water break through 
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Figure 17 Saturation of oil during water break through 

 

 

 

Figure 18 Saturation of oil after water break through 
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Initially the reservoir contains pure oil which is shown by red colour in Figure 19 and water is 

used as a pressure drive from the bottom of the reservoir. 

 

 

 

Figure 19 Saturation of water at the beginning of production 

 

 

Figure 20 to Figure 22 describe the behaviour of water flow in the reservoir in XZ-direction 

during production. The water starts to move towards the well from the heel side. Before water 

break through, the saturation of water is higher at the bottom of the reservoir and it is 

decreasing near the well bore. As time passes, the saturation of water is increasing near the 

well bore.  

These phase contours contribute for the understanding of the behaviour of fluid flow in the 

reservoir. 
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Figure 20 Saturation of water before water break through 

 

 

 

 

 

Figure 21 Saturation of water during the break through at first valve in the heel 
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Figure 22 Saturation of water during the break through at three valves in heel side 
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Pressureprofile

The pressureprofile in the well at the beginningof productionis shownin Figure 23. The

pressurein the toe is 121.3 bars and it is observedthat the pressuregradually decreases

towardsheel.This pressuredifferencebetweenheelandtoe is dueto friction lossalongthe

well. Thusthedrawdownpressureat toeis lower thanthedrawdownat heel.This is a reason

for occurringearlybreakthroughat theheelsideof thewell bore.

Figure 23Pressureprofile in well

Thesimulationfor eachAICV is performedwith 92 % choking of water.This meansthat92

% of wateris chokedatwaterbreakthroughlocally througheachAICV.
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Accumulatedwater flow

Figure24 showstheaccumulatedwaterflow throughtheconventionalICD andtheAICV.

Figure24 Accumulatedwatervolumeflow with time

Accordingto thefigure, thewaterproductionthroughICD increasescontinuouslyafterwater

breakthroughwhile the water production is controlled by using AICV. This is the main

characteristicsof AICV. This meansthattheAICV actionis simulatedsuccessfully.

In the casewith ICD, there is no water productionrestriction in the local zone.Thus the

water-cut increasescontinuouslyasshownin Figure24.
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Chokeposition

Thechokepositionfor ICD andAICV with time is shownin theFigure25 for this particular

case.Thefigure showsthat theinitial productionis thesamefor both ICD andAICV cases.It

alsoshowsthatbothcaseshavefully openchokeat thebeginningof production.This means

that the choke position is 100%. After 4 days, the water breakthroughoccurs and the

productionof water startedalong with oil. This meansthat the water-cut increases.When

water-cut reachesa value of 40% in the entire well, the controller startsto operateand the

chokeposition beginsto reducegraduallyas shown in Figure 25 for both ICD and AICV

cases.

Figure25 Chokeposition variations with time

Thefirst waterbreakthroughoccursin theheelsideof thereservoir dueto draw-downeffect.

The first AICV in the heel chokesthe water production locally while other AICVs are

producingoil. After sometime, breakthroughoccurs in the secondAICV andthatparticular

AICV alsochokeslocally. In the similar manner,otherAICVs will closelocally after water

breakthroughin eachvalve.Thusthewater-cut will becontrolledandremainlow. Sothat the
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chokepositionof entirewell is openas100%andremainsopenuntil the water-cut reaches

thesetpoint value.

But in thesamereservoirsectionwith ICD, thereis no anywatercontrollingmechanismthat

restrictstheflow of waterlocally. Thewaterbreakthroughstartsto occurfrom theheelsideof

the reservoir.The water-cut increasesand reachesthe set point value earlier than in AICV

case.Thus,thecontrolleron theplatformstartsto choketheproduction.

As shownin Figure25, the productionwell beginsto chokeearlier in ICD casethan in the

AICV case.Thisearlychokingin ICD caseleadsto thereductionof oil production.

Accumulatedoil production

Figure26 showstheaccumulatedoil productionversustime for both ICD andAICV cases.It

is observedthattheinitial oil productionis samefor bothcases. After waterbreakthrough,the

cumulativeoil productionin theICD casedecreasesearlierthanin AICV case.Thereasonfor

this is becauseof earlierchokingof well in ICD casethanin AICV case.Thechokingof well

with ICD is performedearlier since set point value for water-cut is reachedearlier. This

chokingleadsto thereductionof oil productionfrom thereservoir.

Figure 26Variation of accumulatedoil productionwith time
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The AICVs areautonomousanddoesnot requireany externalforce to control.[13] Another

importantcharacteristicof AICV is that it canoperatereversiblyalso.[18] This meansthat if

the AICV encountersoil again,it autonomouslyopensandoil productioncontinuesin order

to increasethe recovery.The sameaction was observedafter 10 daysof productionin the

AICV case. Thustheaccumulatedoil productionis further increasedafter 10 daysasshown

in Figure27.

Figure 27Variationof accumulatedoil productionwith timefor AICVcase

Watermovementtowardsthe producingvalve is shownin phasediagramfor comparisonin

Figure28 andFigure29. Thesefigures showthe oil saturationduring re-opening of AICV.

Redcolour is pureoil and saturationof oil is decreasingbelow the basepipe. Thesephase

diagramsaretakenat different daysof oil production,Figure28 at 9 days,while Figure29

wasat 11 daysof production.Beforeday 10, oil is producedfrom the reservoiraroundthe

basepipewhich lies 6m belowthetop surface.After 10 days,theproductionwell encounters

higheroil concentrationfrom theupperpartof thereservoirwhich containsonly heavyoil, so
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that water-cut decreases below the set point and AICV opens autonomously and starts to 

produce oil.  

 

Figure 28 Phase diagram at 9 days for AICV case 

 

 

Figure 29 Phase diagram after 10 days for AICV case 
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Figure30 showsthe initial oil production ratefrom thewell. For both ICD andAICV cases,

the initial oil production rate is approximately250m3/day from 99.2m section and 2430

m3/dayfrom thewholereservoirsectionwith tenvalves.

Figure 30 Initial oil productionratesfor bothICD andAICVcases

In AICV case,the initial oil production is sameas in ICD case.The accumulatedoil

productionis increasedby usingAICV which is shownin Figure26.

This simulation shows that the recovery with AICV is increasedby approximately21%

comparedto conventionalpassiveICD.
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Accordingto Figure31, thewater breakthroughoccursafter3.9 daysthroughinflow control

deviceon theheelsideandafter4.2 dayson the toesideof the reservoir.It canbeobserved

that the water-cut is increasingafter waterbreakthroughin ICD case. The reasonfor this is

that the local devices in this zone have not any water production restriction. At water

breakthrough, theaccumulatedoil productionis approximately9500m3 for ICD case.

Figure 31 Water-cut throughlocal devicein thecasewith ICD
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5 Conclusion 

The aim of this thesis is to perform a near well simulation of heavy oil reservoir section using 

different types of inflow control devices and water drive.  OLGA-Rocx was used as a 

software tool in order to simulate oil production, including the AICV behavior.  

AICV is self-regulated and does not require any external force to control. When water 

breakthrough occurs, the AICV chokes the water production autonomously.  This valve is 

also reversible. This means that if the AICV encounters oil again, it autonomously opens and 

oil production continues in order to increase the recovery. The reverse action of AICV was 

simulated successfully. 

Two simulation cases for a thin horizontal reservoir section of 992m with water drive were 

considered. One case is with the conventional ICD and another is with InflowControl’s new 

technology AICV. The simulation cases were controlled with respect to the water-cut in the 

entire well. When the water-cut reaches a value of 40% in the entire well, the controller starts 

to operate and the choke position begins to reduce gradually. 

The initial total oil production for both cases was 2500m3/day. The water-cut in the entire 

well increases more rapidly in the case with ICD than with AICV. The ICD case reaches the 

40% water-cut value earlier than AICV case. Thus the well with ICD begins to choke the 

production earlier than the AICV case. This choking reduces the final accumulated oil 

production in the well in ICD case. The simulation shows that the recovery of heavy oil 

production with AICVs is increased by approximately 21% compared to conventional ICDs. 
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Appendices 

Appendix 1: Master’s Thesis task description 
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Appendix 2: Rocx setting 

 
 
#   Version: 1.0.0.0 
#   Input file created by Input File Editor. 
#   4/27/2013 12:29:29 PM 
#   ModelDescription:Case I: Reservoir section 992X80X20 with pipeline at 6 mtr from top of 
reservoir section. 
#   Oil Viscosity: 100 cP 
#   Reservoir permeability: 5 Darcy 
#   Pressure in reservoir: 130 bar 
 
 
*GEOMETRY RECTANGULAR 
 
#   Number of grid blocks in horizontal and vertical direction 
#   ---------------------------------------------------------- 
#   nx    ny    nz     
    10    39    20     
 
    dx    const    99.2 
    dy    j    3    3    3    3    2.5    2.5    2.5    2.5    2    2    2    2    2    1.5    1.5    1.5    1    1    1    
1 
    1    1    1    1.5    1.5    1.5    2    2    2    2    2    2.5    2.5    2.5    2.5    3    3    3    3     
    dz    const    1 
 
#   Direction vector for gravity 
#   ---------------------------- 
#   gx    gy    gz     
    0    0    1     
 
*FLUID_PARAMETERS 
 
    blackoil 
 
#   Black oil option data 
#   --------------------- 
    gormodel    Lasater     
    massfrac 
 
    rsgo_bp_tuning off 
 
    oilvisc_tuning on 
 
    gor    0     
    gasspecificgravity    0.64     
    oilspecificgravity    0.85     
    oilvisc    100     
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    visctemp    100     
    viscpress    30     
 
#   Black oil component data 
#   ------------------------ 
    ncomp    3     
 
    label    BO_Oil_0     
    type    oil     
    oilspecificgravity    0.85     
 
    label    BO_Gas_0     
    type    gas     
    gasspecificgravity    1     
#       h2smolefraction    Not used     
#       co2molefraction    Not used     
#       n2molefraction    Not used     
 
    label    BO_Water_0     
    type    water     
    waterspecificgravity    1     
 
 
#   Black oil feed data 
#   ------------------- 
    nfeed    4     
 
    label    Feed_3     
    oilcomponent    BO_Oil_0     
    gascomponent    BO_Gas_0     
    lgr    0.99     
 
    watercomponent    BO_Water_0     
    watercut    0.0001     
    label    Feed_1     
    oilcomponent    BO_Oil_0     
    gascomponent    BO_Gas_0     
    glr    0.0001     
 
    watercomponent    BO_Water_0     
    watercut    0.99     
    label    Feed_2     
    oilcomponent    BO_Oil_0     
    gascomponent    BO_Gas_0     
    glr    0     
 
    watercomponent    BO_Water_0     
    watercut    0     
    label    Feed_0     
    oilcomponent    BO_Oil_0     
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    gascomponent    BO_Gas_0     
    gor    0     
 
    watercomponent    BO_Water_0     
    watercut    0     
 
*RESERVOIR_PARAMETERS 
 
#   Permeability (mDarcy) in principal directions 
#   --------------------------------------------- 
    permx    const    5000 
    permy    const    5000 
    permz    const    5000 
 
#   Porosity 
#   -------- 
    por    const    0.3 
 
#                compr    reference_pressure     
    rock_compr    0    0     
 
 
 
#   swc    sor    sgr     
    0    0    0     
 
    krw     
    0.1    0     
    0.11    0.003     
    0.12    0.005     
    0.15    0.013     
    0.2    0.025     
    0.25    0.038     
    0.3    0.05     
    0.35    0.082     
    0.4    0.114     
    0.45    0.145     
    0.5    0.177     
    0.55    0.233     
    0.6    0.289     
    0.65    0.344     
    0.7    0.4     
    0.75    0.48     
    0.8    0.56     
    0.85    0.64     
    0.9    0.72     
    0.95    0.86     
    1    1    /     
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    kro     
    0.1    0     
    0.11    0.003     
    0.12    0.005     
    0.15    0.013     
    0.2    0.025     
    0.25    0.038     
    0.3    0.05     
    0.35    0.082     
    0.4    0.114     
    0.45    0.145     
    0.5    0.177     
    0.55    0.233     
    0.6    0.289     
    0.65    0.344     
    0.7    0.4     
    0.75    0.48     
    0.8    0.56     
    0.85    0.64     
    0.9    0.72     
    0.95    0.86     
    1    1    /     
 
    krg     
    0.1    0     
    0.11    0.003     
    0.12    0.005     
    0.15    0.013     
    0.2    0.025     
    0.25    0.038     
    0.3    0.05     
    0.35    0.082     
    0.4    0.114     
    0.45    0.145     
    0.5    0.177     
    0.55    0.233     
    0.6    0.289     
    0.65    0.344     
    0.7    0.4     
    0.75    0.48     
    0.8    0.56     
    0.85    0.64     
    0.9    0.72     
    0.95    0.86     
    1    1    /     
 
    Pcow     
    0    1     
    1    0    /     
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    Pcgo     
    0    0     
    1    1    /     
 
*BOUNDARY_CONDITIONS 
 
manual 
 
#   Injection flow rates 
#   -------------------- 
#   nsource     
    0     
 
#   ix    iy    iz    ntime    time    mw    mo    mg    temp     
 
#   Production pressures 
#   -------------------- 
#   npres_bou     
    11     
 
#   i    j    k    idir    type    name    ntime    time    pres_bou    temp_bou    Sw_bou    So_bou    
Sg_bou    Feeds     
    1-10    1-39    20    3    res    Oil_cap_drive    1    0    130    100    1    0    0    [Feed_1 1] 
#   i    j    k    idir    type    rw    name    ntime    time    skin    WIFoil    WIFgas    WIFwater    
pres_bou    temp_bou    Sw_bou    So_bou    Sg_bou     
    10    20    6    1    well    0.1    P10    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 
1] 
    9    20    6    1    well    0.1    P9    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    8    20    6    1    well    0.1    P8    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    7    20    6    1    well    0.1    P7    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    6    20    6    1    well    0.1    P6    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    5    20    6    1    well    0.1    P5    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    4    20    6    1    well    0.1    P4    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    3    20    6    1    well    0.1    P3    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    2    20    6    1    well    0.1    P2    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
    1    20    6    1    well    0.1    P1    1    0    0    1    1    1    130    100    0    1    0    [Feed_3 1] 
 
*INITIAL_CONDITIONS 
 
#   Feed 
    feed const [Feed_3 1] / 
 
manual 
 
#   Saturations 
#   ----------- 
    sw    const    0 
    so    const    1 
    sg    const    0 
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#   Pressures 
#   --------- 
    Po    const    130 
 
#   Temperatures 
#   ------------ 
    T    const    100 
 
*TEMPERATURE off 
 
*INTEGRATION 
 
#   tstart    tstop     
    0    0     
 
#   dtmin    dtmax    dtstart    dtfac    cflfac     
    0    360    0.01    10    1     
 
implicit Linsolver 
 
*WELL_COUPLING_LEVEL 
    4     
 
*OUTPUT 
 
#   cof_time    cof_rate     
    1    1     
 
#   ntplot     
    4     
    P4     
    P3     
    P2     
    P1     
 
    Dt_Trend     
    0    3600    /     
 
    Dt_Prof     
    0    3600    /     
 
    screen_info    1     
 
*END 
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Appendix 3: OLGA settings for ICD case 

1. Introduction 
Project OLGA 

Case description Blackoil case 

Date 
 

Author SPT Group 

Restart File 
 

 

 
2. Simulation Options 
Overall setting Flow model OLGA 

Mass eq scheme 1STORDER 

Compositional model BLACKOIL 

Debug OFF 

Drilling OFF 

Phase THREE 

Elastic walls OFF 

Void in slug SINTEF 

Steady state OFF 

User defined plug-in OFF 

Temp. calc. WALL 

Wax deposition OFF 

Restart OFF 

Integration Simulation starttime 0 

Simulation stoptime 100 d 

Minimum time step 0.1 

Maximum time step 3600 
 

4. System Layout - Table 
 
4.1 Summary  
4.1.1 Overall  

No. of Branches No. of Pipes No. of Sections 

2 2 60 

 
 
4.1.2 Flows  

Branches No. of Pipes No. of Sections 
Min. Section 

Length 
At 

Max. Section 
Length 

At 

PIPELINE 1 20 49.6 M PIPE-1 49.6 M PIPE-1 

FLOWPATH_1 1 20 49.6 M PIPE-1 49.6 M PIPE-1 

 
 
 

 

 

4.2 Layout  
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Pipe no. Branch Label Diameter Roughness XEnd YEND Wall 

1 - 1 PIPELINE PIPE-1 0.2 M 2.8E-05 M 992 M 0 M WALL-1 

2 - 1 FLOWPATH_1 PIPE-1 0.2 M 2.8E-05 M 992 M 0 M WALL-1 
 

 
5. Insulation and Walls 
 
5. 1 Material  

Label Density Conductivity Heat Capacity E-modulus 

MATER-1 7850 50 500 
 

MATER-2 2500 1 880 
 

 
 
5. 2 Walls  

Label Material Wall thickness Elastic 

WALL-1 MATER-1 0.009 OFF 

MATER-2 0.02 
 

MATER-2 0.02 
 

WALL-2 MATER-1 0.0075 OFF 

MATER-2 0.02 
 

MATER-2 0.02 
 

 

 
6. Boundary Conditions 
 
6. 1 Nodes  

Label Type Pressure Temperature GMF 

INLET CLOSED 
  

-1 

OUTLET CLOSED 50 bara 22 -1 

NODE_1 CLOSED 
  

-1 

NODE_2 PRESSURE 120 bara 100 -1 

 
6. 2 Heattransfer  

Branch Pipe Interpolation Houteroption. Hambient Tambient 

PIPELINE PIPE-1 SECTIONWISE HGIVEN 1E-06 W/M2-C 100 

FLOWPATH_1 PIPE-1 SECTIONWISE AIR 1E-06 100 

 
6. 3 Initial Conditions  

Branch Pipe Mass Flow 
VoidFractio

n 

PIPELINE PIPE-1 0 0 
 

FLOWPATH_1 PIPE-1 0 0 
 

 

 
7. Equipment 
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7. 1 Valves  

Label Branch Pipe Section Diameter Opening CD 

VALVE-4 PIPELINE PIPE-1 9 1 0 0.84 

VALVE-A PIPELINE PIPE-1 2 20 mm 1 0.84 

VALVE-1 PIPELINE PIPE-1 3 1 0 0.84 

VALVE-B PIPELINE PIPE-1 4 20 mm 1 0.84 

VALVE-2 PIPELINE PIPE-1 5 1 0 0.84 

VALVE-C PIPELINE PIPE-1 6 20 mm 1 0.84 

VALVE-3 PIPELINE PIPE-1 7 1 0 0.84 

VALVE-D PIPELINE PIPE-1 8 20 mm 1 0.84 

VALVE-E PIPELINE PIPE-1 10 20 mm 1 0.84 

VALVE-5 PIPELINE PIPE-1 11 1 0 0.84 

VALVE-F PIPELINE PIPE-1 12 20 mm 1 0.84 

VALVE-6 PIPELINE PIPE-1 13 1 0 0.84 

VALVE-G PIPELINE PIPE-1 14 20 mm 1 0.84 

VALVE-7 PIPELINE PIPE-1 15 1 0 0.84 

VALVE-H PIPELINE PIPE-1 16 20 mm 1 0.84 

VALVE-8 PIPELINE PIPE-1 17 1 0 0.84 

VALVE-I PIPELINE PIPE-1 18 20 mm 1 0.84 

VALVE-9 PIPELINE PIPE-1 19 1 0 0.84 

VALVE-J PIPELINE PIPE-1 20 20 mm 1 0.84 

 
7. 2 Position  

Label Branch Pipe Section 

POS-1 FLOWPATH_1 PIPE-1 1 

POS-2 FLOWPATH_1 PIPE-1 2 

POS-3 FLOWPATH_1 PIPE-1 3 

POS-4 FLOWPATH_1 PIPE-1 4 

POS-5 FLOWPATH_1 PIPE-1 5 

POS-6 FLOWPATH_1 PIPE-1 6 

POS-7 FLOWPATH_1 PIPE-1 7 

POS-8 FLOWPATH_1 PIPE-1 8 

POS-9 FLOWPATH_1 PIPE-1 9 

POS-10 FLOWPATH_1 PIPE-1 10 

POS-11 FLOWPATH_1 PIPE-1 11 

POS-12 FLOWPATH_1 PIPE-1 12 

POS-13 FLOWPATH_1 PIPE-1 13 

POS-14 FLOWPATH_1 PIPE-1 14 

POS-15 FLOWPATH_1 PIPE-1 15 

POS-16 FLOWPATH_1 PIPE-1 16 

POS-17 FLOWPATH_1 PIPE-1 17 
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POS-18 FLOWPATH_1 PIPE-1 18 

POS-19 FLOWPATH_1 PIPE-1 19 

POS-20 FLOWPATH_1 PIPE-1 20 
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Appendix 4: OLGA settings for AICV case 

 

1. Introduction 
Project OLGA 

Case description Blackoil case 

Date 
 

Author SPT Group 

Restart File 
 

 

 
2. Simulation Options 
Overall setting Flow model OLGA 

Mass eq scheme 1STORDER 

Compositional model BLACKOIL 

Debug OFF 

Drilling OFF 

Phase THREE 

Elastic walls OFF 

Void in slug SINTEF 

Steady state OFF 

User defined plug-in OFF 

Temp. calc. WALL 

Wax deposition OFF 

Restart OFF 

Integration Simulation starttime 0 

Simulation stoptime 100 d 

Minimum time step 0.1 

Maximum time step 3600 
 

4. System Layout - Table 
 
4.1 Summary  
4.1.1 Overall  

No. of Branches No. of Pipes No. of Sections 

2 2 60 

 
 
4.1.2 Flows  

Branches No. of Pipes No. of Sections 
Min. Section 

Length 
At 

Max. Section 
Length 

At 

PIPELINE 1 20 49.6 M PIPE-1 49.6 M PIPE-1 

FLOWPATH_1 1 20 49.6 M PIPE-1 49.6 M PIPE-1 

 
 
 

 

4.2 Layout  
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Pipe no. Branch Label Diameter Roughness XEnd YEND Wall 

1 - 1 PIPELINE PIPE-1 0.2 M 2.8E-05 M 992 M 0 M WALL-1 

2 - 1 FLOWPATH_1 PIPE-1 0.2 M 2.8E-05 M 992 M 0 M WALL-1 
 

 
5. Insulation and Walls 
 
5. 1 Material  

Label Density Conductivity Heat Capacity E-modulus 

MATER-1 7850 50 500 
 

MATER-2 2500 1 880 
 

 
 
5. 2 Walls  

Label Material Wall thickness Elastic 

WALL-1 MATER-1 0.009 OFF 

MATER-2 0.02 
 

MATER-2 0.02 
 

WALL-2 MATER-1 0.0075 OFF 

MATER-2 0.02 
 

MATER-2 0.02 
 

 

 
6. Boundary Conditions 
 
6. 1 Nodes  

Label Type Pressure Temperature GMF 

INLET CLOSED 
  

-1 

OUTLET CLOSED 50 bara 22 -1 

NODE_1 CLOSED 
  

-1 

NODE_2 PRESSURE 120 bara 100 -1 

 
6. 2 Heattransfer  

Branch Pipe Interpolation Houteroption. Hambient Tambient 

PIPELINE PIPE-1 SECTIONWISE HGIVEN 1E-06 W/M2-C 100 

FLOWPATH_1 PIPE-1 SECTIONWISE AIR 1E-06 100 

 
6. 3 Initial Conditions  

Branch Pipe Mass Flow 
VoidFractio

n 

PIPELINE PIPE-1 0 0 
 

FLOWPATH_1 PIPE-1 0 0 
 

 

 
7. Equipment 
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7. 1 Valves  

Label Branch Pipe Section Diameter Opening CD 

VALVE-4 PIPELINE PIPE-1 9 1 0 0.84 

VALVE-A PIPELINE PIPE-1 2 20 mm 1 0.84 

VALVE-1 PIPELINE PIPE-1 3 1 0 0.84 

VALVE-B PIPELINE PIPE-1 4 20 mm 1 0.84 

VALVE-2 PIPELINE PIPE-1 5 1 0 0.84 

VALVE-C PIPELINE PIPE-1 6 20 mm 1 0.84 

VALVE-3 PIPELINE PIPE-1 7 1 0 0.84 

VALVE-D PIPELINE PIPE-1 8 20 mm 1 0.84 

VALVE-E PIPELINE PIPE-1 10 20 mm 1 0.84 

VALVE-5 PIPELINE PIPE-1 11 1 0 0.84 

VALVE-F PIPELINE PIPE-1 12 20 mm 1 0.84 

VALVE-6 PIPELINE PIPE-1 13 1 0 0.84 

VALVE-G PIPELINE PIPE-1 14 20 mm 1 0.84 

VALVE-7 PIPELINE PIPE-1 15 1 0 0.84 

VALVE-H PIPELINE PIPE-1 16 20 mm 1 0.84 

VALVE-8 PIPELINE PIPE-1 17 1 0 0.84 

VALVE-I PIPELINE PIPE-1 18 20 mm 1 0.84 

VALVE-9 PIPELINE PIPE-1 19 1 0 0.84 

VALVE-J PIPELINE PIPE-1 20 20 mm 1 0.84 

 
7. 2 Position  

Label Branch Pipe Section 

POS-1 FLOWPATH_1 PIPE-1 1 

POS-2 FLOWPATH_1 PIPE-1 2 

POS-3 FLOWPATH_1 PIPE-1 3 

POS-4 FLOWPATH_1 PIPE-1 4 

POS-5 FLOWPATH_1 PIPE-1 5 

POS-6 FLOWPATH_1 PIPE-1 6 

POS-7 FLOWPATH_1 PIPE-1 7 

POS-8 FLOWPATH_1 PIPE-1 8 

POS-9 FLOWPATH_1 PIPE-1 9 

POS-10 FLOWPATH_1 PIPE-1 10 

POS-11 FLOWPATH_1 PIPE-1 11 

POS-12 FLOWPATH_1 PIPE-1 12 

POS-13 FLOWPATH_1 PIPE-1 13 

POS-14 FLOWPATH_1 PIPE-1 14 

POS-15 FLOWPATH_1 PIPE-1 15 

POS-16 FLOWPATH_1 PIPE-1 16 

POS-17 FLOWPATH_1 PIPE-1 17 
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POS-18 FLOWPATH_1 PIPE-1 18 

POS-19 FLOWPATH_1 PIPE-1 19 

POS-20 FLOWPATH_1 PIPE-1 20 
 

 
 


