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Big Step Towards Digitalization:

AI Driven History Matching for Complex 
Completions

How can we move towards the Digital Field?

Data Preparation

Modelling or Prediction

Uncertainty Evaluation 

Automation
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What is important on the Modelling? 

The importance of the modelling is to predict future.

What is important on the Modelling? 

History Match

The common approach is to history match (or train the data) with current model, and 

predict the future with current model.
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Are we there yet?
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A Good Example of a ICD Design
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A Bad Example of a ICD Design

If the predictability is questionable then for the optimization we end 

up reaching a wrong solution

What we should focus

What we focus
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What sections of the 

Numerical Modeling  are 

the Bottlenecks?
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Multiphase Flow in Pipe

Evolution of Multiphase Flow in Pipe: A Modern Approach

Empirical Models

Mechanistic

Transient

Analytical

1950 1980 1990
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What Tulsa says about the Multiphase models?

What Tulsa says about the models?
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What Tulsa says about the models?

]]

What Tulsa says about the models?
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So what we can do?

Use an Empirical model (suitable for your system) for initial modeling and then use the Mechanistic 

models, only if the data is available and we are trying to understand the problem.

1 2

But do not go so complex

Transient models mostly are not 

providing a good prediction for pressure 

drop in stead-state cases.

They have so many inputs that most 

users are not understanding, and some 

of those creates a non-linear system.
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Scale Problem

Can we move from 

Small Nozzle to 

Reservoir scale?
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Experiment vs. Model: Laminar Flow

Our industry can model smaller 

scales with better accuracy, and as 

we move towards the bigger scale 

then we start having problems.

The problem is can we move to 

upper scale?

Experiment vs. Model: Turbulent Flow

What if we are in the Transition zone (Not 

fully laminar and not fully turbulent)? 
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Effect of the transition from laminar to turbulent flow 

The contours of the time-averaged velocity magnitude, (left) Uncontrolled, and (right) Controlled 

The convergence of the lift and the drag coefficients versus the (left) objective function (right) Performance (L/D);
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Effect of the transition from laminar to turbulent flow 

CFD with original 

resolution

Machine learning

Only CFD with coarse  

resolution

Using AI in History 

Matching
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What is wrong about Current Practice

Surface MeasurementsAI simulation

What is wrong about Current Practice

Surface MeasurementsPhysical Formula + AI simulation
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What is wrong about Current Practice

Surface MeasurementsHybrid Model

Hybrid Model

Firstly, the simulation is conducted, and then AI is used to improve the 

prediction:

Neural Network improved



2/28/2022

16

ICDs would not see the 

prediction improvements

Predicting Uncertainty
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What is wrong about Current Practice

Surface Measurements

AI at the grid level

What is the Solution?

AI

BEM
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What is the stiffness of the numerical simulation

WH

P

Permeability

What is the stiffness of the numerical simulation

WH

P

Permeability
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Neural network is designed to cover the difference
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Skin and ICD resistance

Optimization Problems
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Why we are not reaching the correct answer?

How can we use the general methods such as “Latin Hypercube”? And be sure to reach he 

answer? 

Let’s discuss one simple problem, 

We have a single pipeline, with constant rate during the year, and we wont to use this for gas-lift 

25 wells, how we allocate the gas-lifting gas to these different wells?

What is the right hole design across the limited-entry screen for acid stimulation?

Gas-lifting effect on the oil rate
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What is the right injection rate?

Gradient descent (GD) is an 

iterative first-order optimization 

algorithm used to find a local 

minimum/maximum of a given 

function.

Gradient descent (GD) final outcome

The outcome of the GD is that for keeping the 

total amount constant, we can add up the Y 

values at the same derivative (Y’).

In the same manner can be applied on X 

values.

X

Y

X1 X2

Y2

Y1

Total rate  =  Y1 + Y2

X1 

X1 + X2

Fraction for well 1 =
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We should make the simulation results smoother

If we try to calculate the actual derivative from 

the simulation results, it ends to  bumpy 

solution.

For being able to yield to meaningful solution 

we required the smooth derivative.

X

Y

Y’: const

We should make the simulation results smoother

The simplest method is to use the polynomial 

curve fitting and use the analytical formulation 

to calculate the derivative.

X

Y
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Final Optimization results

The operator in this case were 

playing with gas-lift for about 

10 years, and was pretty sure 

that they find the optimum 

fractions.

But they were at 85% the 

optimum production rate for 

this case.

The human judgement is 

always based on averaging, 

and mostly inject less at high 

producing wells, and higher at 

low producing wells.

Conclusion

• The main conclusion is that the solution is available, we should only implement it.

• Reaching the digital field concept without fully integrated model is impossible, and we will 

not get there through “short-cuts”. 
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