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INTRODUCTION

ü Conventionally a standalone topside process model can only achieve production increment of up to 1%. In order to 
achieve higher production increment, an integrated topside process and subsurface model is required (Zainal & 
Hussein 2014). 

ü This modeling technique requires the integration of different modeling platforms for wells, headers, topside facility, 
interconnecting pipelines between platforms and re-injection wells back to the reservoir. The main challenge is to 
develop a seamless interface communication between the different modeling platforms.

ü In this work an integrated first principle compositional model from well to surface processes is developed in one 
single platform iCON. 

ü The optimization objective function is to locate a CAPEX free operation settings by manipulating top site operating 
pressure and individual choke valve opening by satisfying surface facilities constraints. The model will create the 
operating profile to satisfy the maximum production envelope. 
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PROBLEM STATEMENT

ü To generate Optimization Operating Envelope to ensure the optimized condition can be 
implemented in all range of active and inactive well configuration possible for the field. 
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SCOPES

The motivation and problem formulation for this study is to develop an integrated surface sub-surface optimization model
in single operating platform with various active and inactive well scenarios to ensure optimization set points can be
implemented at site within the optimization envelope. Specifically, :

ü To generate individual well Inflow Performance Relationship (IPR) in iCON environment thorough translating PROSPER
simulation results into Liquid Flow correlation as a function of Tubing Head Pressure (THP), Water Cut, GOR and Gas Lift
flow.

ü To develop iCON Steady State surface facilities model that include rotating equipment performance curves matching the
actual operating condition. Advanced Peng Robinson equation of state is applied due to its robustness within the
operating temperature and pressure region.

ü To link individual well Vertical Lift Performance (VLP) correlation with iCON steady state model and test the integrated
model to match the actual operation.

ü To setup Optimization objective function with manipulative and constraints variables. Test various Optimization
Techniques suitable for the study.

ü To establish Optimization envelope considering active and inactive well situation.

ü To locate the CAPEX free optimization envelope base on installed equipment constraints to maximize production.
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ü Establish single operating platform i.e iCON – to accelerate the calculation and avoid the thermodynamic 
instability

ü Develop iCON top side model using Advanced Peng Robinson with pseudo component characterization 
- pseudo component  impact pipeline gas dew point
- steady state pipeline network pressure correlation

ü Link iCON with subsurface Vertical Lift Performance (VLP) and test the integration as a function of 
individual well water cut, gas lift, Tubing Head Pressure (THP) and Gas Oil Ratio (GOR)

ü Setup optimization objective function and test various optimization techniques calculation performance  
i.e Interior Point, Nedler Mead, and Powell.

ü Establish operating envelope base on active/inactive wells considering well line up configuration to locate 
maximum production  point.

ü Locate CAPEX free optimization envelope base on the above constraints

ü Confirm the findings with iCON dynamic model

MODELLING STRATEGY
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LITERATURE REVIEW ANALYSIS : INTEGRATED MODEL

Integrated model Coverage Software References

Reservoir performance and 

production and surface network 

solution

ECLIPSE

NETOPT

PVM 

Hepguler, Dutta-Roy & 

Bard, (1997)

Reservoir performance and 

production and surface network 

solution

ECLIPSE

FORGAS

PVM 

Trick, (1998)

Reservoir models, coupled 

with process and economics models

Not mentioned Juell, Whitson, &Hoda, 

(2010)

Integrate well performance, 

gathering system calculation and 

process plant simulation

Commercial 

software and

rabbit (in-

house software)

Sarra, et al. (2015)

Integrate reservoir model, well 

model and surface facilities model 

in a single integrator. 

SENSOR

PROSPER

HYSYS

Pipe-It

Rahmahwati,Whitson, Foss 

& Kuntadi, (2012)

This Work : 
Integrated 
Model

Software Work 
Significant

Individual well, 
well lineup, 
production and 
surface network

iCON –
modeling and 
system 
integrator (SI) 
platform

Constraint
Optimization 
Operating 
envelope at
different well 
configurations 
(lineup and 
active/inactive 
well) to 
maximize 
production
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LITERATURE REVIEW : SCOPES ANALYSIS  

Area of Scopes Past Works Gap Analysis
1 Modeling Platform Use System Integrator to 

link with multiple 
modeling platform

iCON is the System 
Integrator and the 
surface/ sub-surface 
modeling platform

2 Well Line Up Optimization Based on Fixed well 
configuration

Base on possible well 
lineup configuration 

3 Surface Pressure And Choke Valve Influential variables are 
varied from well to 
reservoir configuration

Influential variables are 
varied from well to top 
side surface configuration

4 Surface Equipment Capacity and Control 
Valves Check

Equipment and Control 
valves have the capacity 
to cater for production 
increase

Considered as constraints 
to locate CAPEX Free 
Optimization envelope

5 Locate CAPEX Free Optimization Envelope Single Optimization point 
to maximize production

CAPEX Free Optimization 
Envelope
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WORK SIGNIFICANCE SCEMATIC

With Surface Equipment Capacity and Control Valves Check, it 
checks whether processing facility can handle the capacity by 
operating closer to the process constraints with process disturbances 
such as slugging wells due to well pressure variations.

With Well Line Up Optimization, it can avoid competing wells scenarios 
that have great economic potentials in term of operation efficiency 
especially with the number of feed conditions (wells, water cuts, GOR, 
WGR) and different pressure setting options to maximize production
base on active/inactive well scenarios

With Simultaneous Surface Pressure And Choke Valve 
Optimization, it can cater for more representative in 
maximizing oil and gas production.

With Integrated Single Modeling Platform, it will ensure seamless data 
transfer, smooth thermodynamic translation among the models and efficient 
optimization iteration to locate the CAPEX free implementation region.With Locate CAPEX Free Optimization Envelope, the implementation 

strategy is within the operating envelope and well line up scenarios where 
value creation can be realized immediately. The findings from this work are 
considered reaping the additional gas and oil production just by changing 
surface facilities separators set points and individual choke valve opening 
without violating any process constraints. 
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WORK SCOPE : ICON STEADY STATE MODEL DEVELOPMENT

High and Medium Pressure Wells Low Pressure Wells Separator and Compressor Trains
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ü Insert code in iCON software and link with iCON flowsheet via excel for interactive graphics

WORK SCOPE : SUB SURFACE DATA CODING TO GENERATE INDIVIDUAL WELL 
PRESSURE FLOW RELATIONSHIP
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WORK SCOPE : LINK SURFACE AND SUB SURFACE MODELS IN ICON
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SCOPES OF WORK (1/2)

Objective Function: Maximize Oil Production

Manipulative Variables: Individual Header Pressures (HP, MP and LP)

Individual Well Choke Valve Opening:

100 % < Valve Opening > 0%

Constraint Variables: Compressor Capacity < 15.0 mmscfd

HP Vent Capacity < 18.0 mmscfd

MP Vent Capacity < 5.0 mmscfd

Pump Capacity < 112 m3/hr

800 psig < HP Header Pressure > 650 psig

310 psig < HP Header Pressure > 120 psig

100 psig < HP Header Pressure > 30 psig

100 % < Choke Valve Opening > 0%

Optimization Techniques: Nedler Mead, Powell and Interior Point
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iCON OPTIMIZER
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OPTIMIZATION RESULTS AFTER 3 DAYS RUNNING
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OPTIMIZATION RESULTS AFTER 8 DAYS RUNNING
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INTERMEDIATE OPTIMIZATION RESULTS SUMMARY (NEDLER MEAD TECHNIQUE)

Optimization Period Var 1 Var 2 Var 3 Var 4 Var 5 Var 6 Var 7 Production
(bbl/d)

Delta

Initial Value 270 40 50% 50% 50% 50% 800 5669 -

After 3 days 214.5 61.29 51.1% 53.6% 51.1% 51.1% 700 5794 125

After 5 days 212.6 64.26 50.3% 54.1% 49.7% 53.%% 705.3 5809 15

After 6 days 212.6 64.26 50.3% 54.1% 49.7% 56.2% 705.3 5822 4

After 7 days 212.6 67.47 50.3% 54.1% 49.7% 56.2% 705.3 5826 4

After 8 days 214.0 68.64 51.1% 55.1% 47.3% 57.2% 707.8 5830 4

Var 1 : Medium Header Pressure (psig)
Var 2 : Low Header Pressure (psig)
Var 3 : Medium Well Valve Opening (%)
Var 4 : Medium Well Valve Opening (%) 
Var 5 : Medium Well Valve Opening (%)
Var 6 : Medium Well Valve Opening (%) 
Var 7 : High Header Pressure (psig)
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Production increase :
(125+15+4+4+4)/5669
= 152/5669 x 100% 
= 2.7 % (152 bbl/d)
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FLOW GAINED SUMMARY
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FLOW GAINED OPTIMIZATION TECHNIQUE SUMMARY : Interior Point is more 
suitable to handle large optimization variables and Powell is suitable for small 
optimization variables 



Open

INTEGRATED MODEL MATCHING
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OPTIMIZATION CONTOUR FOR ALL WELL FLOWING CASE : Powell gives the 
highest objective function value compared to Nedler Mead and Interior Point
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OPTIMIZATION RESULTS FOR ALL WELL FLOWING : Optimized set points for 
surface headers pressures and sub-surface individual choke valve opening
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OPTIMIZATION RESULTS AT DIFFERENT WELL CONFIGURATION : Highest 
Optimized Set Points 
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OPTIMIZATION ENVELOPE for all well lineup configuration and control valve 
capacity checks



SUCCESSFUL IMPLEMENTATION CASE 1: 0-1-1 well lineup configuration of changing medium and
low pressure header pressures and individual 12 choke valve opening from the same headers based on optimized
set points. The delta of production before and after implementation was roughly 0.36 kg/s (7.43 kg/s – 7.07 kg/s)
correspondingly to 225.3 bbl/d oil production measured at crude transfer pump. The model predicted 221 bbl/d
of oil production increment translated to 1.9 % deviation from the actual value.
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SUCCESSFUL IMPLEMENTATION CASE 2: 0-H2-1 well lineup configuration of
changing medium and low pressure header pressures and individual 10 choke valve
opening from the same headers based on optimized set points. The delta of
production before and after implementation was roughly 250 bbl/d (3400 bbl/d –
3150 bbl/d) oil production measured at crude transfer pump. The model predicted
240 bbl/d of oil production increment translated to 4.0 % deviation from the actual
value.
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SUMMARY

ü 31 possible well lineup configurations with optimized operating envelope have been successfully

developed in this study using iCON modeling platform that link surface and subsurface models.

ü 3 constrained optimization techniques were applied and compared to establish the optimization

envelope to select the highest oil production (optimization objective function) by manipulating each

header pressure and individual well choke valve opening.

ü The optimization envelope generated then can be used as optimized set points or guidance for operation

to maximize oil production. Operation team will follow the set points recommended in the optimization

envelope table that matches their current well lineup configuration.



Open

TECHNICAL GAP AND POTENTIAL FUTURE WORK
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POTENTIAL FUTURE WORKS

Based on Figure 5.1, there are still technical gaps to be studied in integrated surface sub-surface optimization fields. For

future works, several recommendations are suggested below:

a. Take fluid sample at each well to determine individual well composition for more accurate fluid properties calculation

and products distribution.

b. De-lumping well bank simplification by using individual well flow correlation to generate maximum well lineup

configuration for more granular operation matching.

c. Apply hybrid constrained optimization technique via auto adaptive auto switching method to reduce optimization

converging time.

d. Verify individual well flow assurance at maximum surface production rate via OLGA modelling to confirm each well

can deliver additional flow gain.

e. Extend the optimization study by linking the integrated developed model with reservoir steady state model under one

simulation and thermodynamic platform.
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THANK YOU and In Memoriam for Professor Marco Aurélio Satyro

with his favorite phrase that inspired me “how hard can it 
be…”
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