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Agenda
• Introduction to production optimization

– Practical meaning
– Time scales
– Model-based optimization
– Types

• Example: two gas-lifted wells
• Exercise: two gas-lifted wells
• Discrete variables

– Exercise: routing 5 wells to 2 separators
• How do solvers work?
• Multi-objective optimization

– Constraint method
– Linear scalarization

• Effect of uncertainties
• Proxy modeling using tables

– Example: Gas-lifted well
• Proxy modeling using NN 

– Exercise in python
• Limitations and pitfalls of production optimization



Production optimization – what is it?

VS.



Examples of «production optimization» 

• Detect locations in the system with abnormally high-pressure loss and 
flow restrictions



• Verification of equipment design conditions vs actual operating 
conditions
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Examples of «production optimization» 



• Identification and addressing fluid sources 
that have “disadvantageous” 
characteristics (e.g. high water cut, high 
H2S content)

• Identify and correct system malfunctions 
and unintended behavior

• Analyze and improve the logistics and 
planning of maintenance, replacement 
and installation of equipment or in the 
execution of field activities.

Examples of «production optimization» 



• Review the occurrence of 
failures and recognize 
patterns (data analytics)

• Calibration of 
instrumentation

• Identification of operational 
constraints (e.g. water 
handling capacity, power 
capacity)

Production optimization – what is it?



• Identify bottlenecks
• Identifying and 

monitoring Key 
Performance Indicators 
(KPIs)

Production optimization – what is it?



• Find:
• Control settings of equipment
• System characteristics (design)  
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• Find:
• Control settings of equipment
• System characteristics (design)  

• That: 
• Give a production/profit higher than current 
• Give maximum production/profit possible
• Improve a KPI
• Maximize a KPI

• Using:
• Model
• Real system

Production optimization – what is it?



Time scales of production optimization

Long term Short term Shorter term
• Years, months • Daily, weekly • Seconds, minutes, 

hours



OPTIMIZATION TIMESCALES



Time scales of production optimization and models
Long term Short term Shorter term

Years, months

-Models are highly 
uncertain (limited data)
-Models are typically 
transient (reservoir 
model) + steady-state 
models 

Daily, weekly

-There is data to tune 
models
-Models are typically 
steady state (network, 
well, processing plant)

Seconds, minutes, hours

-Transient/steady state
-Model/real system



Integrated asset modeling



Model-based production optimization



Ensuring fidelity in model-based production 
optimization



Model-based production optimization workflow



Time scales of production optimization and examples
Long term Short term Shorter term

-Find:
-well placement, well 

rates, field development 
strategy
-That: 

-maximize recovery 
factor, NPV, reduce 
water cut and GOR

-Find: Choke opening, 
gas lift rate, pump 
frequency
-That:

-Maximize oil 
production, condensate 
production, gas 
production, revenue

-Find:
-Control choke 

opening, gas lift rate, 
control valve position
-That:

-Maximize 
production, revenue, 
reduce and mitigate 
fluctuations



• Parametric (static) – using a model 
• Dynamic (control) – using a model, 

physical system, or a combination of 
both

Optimization types



• Parametric (static) – using a model 
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Milan



• Parametric (static) – using a model 
• Dynamic (control) – using a model, 

physical system, or a combination of 
both

Optimization types

Alexey



Example: two gas-lifted wells



System description



System sketch (2 wells to one separator)



Brute force solution



Color map of total oil production versus gas lift 
rates



Contour lines of total oil production



Constraints in available gas



Effect of constraints
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Maximizing profit instead of total oil production 



Maximizing profit instead of total oil production 



Exercise: optimization of two gas-
lifted wells
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Equation for gas lift performance curve



Discrete variables in production 
optimization
Exercise: well routing to 
separators



System sketch



Estimating number of combinations
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How do solvers work?



• Simplex (linear problems)
• Derivative-based (gradients, 

hessians)
• Line search/ Trust region
• Heuristic

Optimization methods



Stanko (2019)

Newton

https://jamesmccaffrey.wordpress.com/page/2/

Taken from Arnaud Hoffmann
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Stanko (2019)

Newton

https://demonstrations.wolfram.com/MinimizingTheRosenbrockFunction/

https://demonstrations.wolfram.com/MinimizingTheRosenbrockFunction/
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Estimation of gradient – analytical 
estimation
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Estimation of gradient – perturbation 
method



Stanko (2019)

Pattern search

https://en.wikipedia.org/wiki/Pattern_search_(optimization)

https://en.wikipedia.org/wiki/Pattern_search_(optimization)
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Evolutionary algorithms (e.g. GA)



Multi-objective production optimization



DEFINITION

• More than one optimization objective (KPI), e.g.
• Oil, condensate or gas production
• NPV
• Equipment efficiency
• Energy consumption
• Downtime
• Maintenance cost
• OPEX
• CAPEX
• CO2 emissions 



COMPLEXITIES

• Techniques are usually developed for optimizing one 
objective 

• When an objective is optimal usually all rest 
are not

•  How to combine all objectives into one?



COMPLEXITIES

• Techniques are usually developed for optimizing one 
objective 

• When an objective is optimal usually all rest 
are not

•  How to combine all objectives into one?

• Conflicting (non-trivial) objectives
• High revenue  more energy usage
• High rates  more equipment failure
• High production  more CO2 emissions



APPROACHES – CONSTRAINT METHOD

• Set most important KPI as objective
• Set the rest as constraints. 
• Define an acceptable level for the constraints
• Run the optimization and evaluate results, adjust 

levels as necessary 



APPROACHES – LINEAR SCALARIZATION
Slide 59

• Normalize the KPIs with reference values
• Create an objective function that is the weighted sum 

of all KPIs

• Run the optimization and evaluate results, adjust 
weights as necessary 



APPROACHES – LINEAR SCALARIZATION
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• Normalize the KPIs with reference values
• Create an objective function that is the weighted sum 

of all KPIs

• Run the optimization and evaluate results, adjust 
weights as necessary 

Be careful with the signs!, 
squaring might be needed, 
changing the sign or 
inversion
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Effect of uncertainties





Proxy modeling



Proxy models 
Interpolation on tables



MODEL

Input 1
Output 1

Principle

Input 2

Input 3



MODEL

Input 1
Output 1

Principle

Input 2

Input 3



MODEL

Input 1
Output 1

Principle

Input 2

Input 3



MODEL

Input 1
Output 1

Principle

Input 2

Input 3



MODEL

Input 1
Output 1

Principle

Input 2

Input 3



«PROXY» MODEL

Input 1

Output 1

Principle

Input 2

Input 3



PROSPER MODEL

WHFP

Oil rate

GOR

FBHP

Example: Well tubing tables from PROSPER
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Example: PVT tables from PVTsim
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Linear interpolation – 1D



Stanko (2019)

Linear interpolation – 2D



Linear interpolation – 3D



Advantages of using tables

• Faster than running the model
• Introduces no approximation errors (except 

interpolation)
• The O&G industry has extensive experience
• Easy to set up
• Can optimize software and license usage



Example: Gas-lifted well 
including several 
constraints and using a 
table

SPE-202840 (ADNOC, UAE)



Constraints:

Variables:
• Production choke
• Gas lift rate

1. Dead (no flow)
2. Unstable flow (tubing 

heading)
3. Casing heading
4. Max CHP (1800 psig)
5. Min BHP (2750 psig)
6. Max oil (2080 bopd)
7. Hydrate formation in 

gas lift valve



Production choke 
opening

Gas lift rate

PROSPER model

Oil rate

Casing head 
pressure (CHP)

BHP

Casing heading 
instability flag

Combinations (558 runs):
Production choke opening: 5, 10, …., 100%
Gas lift rate: 0, 0.1,…, 3 MMscfd

Tubing heading 
instability flag

Hydrate presence 
indicator



Excel file



Issues with interpolation

• If system changes points usually must be generated 
again

• (Usually) requires regular grid
• Can be expensive to create the table 
• Complexity grows with number of variables
• Logic (IF) and looping (FOR) is required to find the 

bounding values in the interpolation
• Handling discontinuities
• Be careful with the limits
• Number of points required
• Point spacing
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Handling discontinuities



Proxy models 
2. Data-driven (NN)
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Production optimization: 
Limitations and pitfalls



• Model fidelity
• Is it actually possible to change the 

decision settings?: 
• Is the equipment/actuator 

functional and  available?
• Am I allowed to operate the 

control element?
• Actuator response time

Limitations and pitfalls 



• Flat peak of optimum- more efforts 
give less results

Limitations and pitfalls 

SPE-166027-MS Multivariate optimization of production systems optimization Carroll and Horne



• Local optima
• Starting point
• Running time
• Short term versus long term optimization

(Khan academy)

Limitations and pitfalls 



SPE-166027-MS Decision analysis for long term and short-term production optimization Applied to the Voador field, Agus Hasan

• Short term versus long term optimization

Maximize NPV
By changing qo(t)

Limitations and pitfalls 



SPE-166027-MS Decision analysis for long term and short-term production optimization Applied to the Voador field, Agus Hasan

• Short term versus long term optimization



• Short term versus long term optimization
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• Look at the rest of the list 
first!

• Do we REALLY need to do 
optimization?

• Think carefully what is the 
main, most important, 
first order of magnitude 
problem

Take-aways when implementing prod optimization
SLIDE 2
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• Define objective, constraints and 
variables

• Determine relevance of constraints
• Is it realistic to modify optimization 

variables?
• Formulate your optimization in a smart 

way (choose the right variable)
• Study how your input affects your 

results

Take-aways when implementing prod optimization



THE END
THANK YOU
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