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Outline

• Petroleum Data Analytics - PDA
• Subsurface Analytics
• Use Cases including Field Validations

– Data-Driven Reservoir Modeling (Top-Down Modeling - TDM)
• Case Study: Offshore Middle East 
• Case Study: Offshore Caspian Sea
• Case Study: Onshore Middle East

– Smart Proxy Modeling
• Case Study: Onshore Middle East

Petroleum Data Analytics - PDA

• Artificial Intelligence and Machine Learning in Oil & Gas 
industry.

• Using “DATA” as:
– the starting point, the foundation, and the main building blocks 
of analysis, workflows, modeling, and decision making.
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Petroleum Data Analytics - PDA

• PDA is NOT an IT related discipline; it is a user of the IT services. 

• PDA reverses the role of data in modeling physics:
– Data is not there to serve our understanding of physics
– Physics is modeled using data

• PDA is highly inspired by Physics and Geology 
– Physics and geology are not deterministically and rigidly formulated

Petroleum Data Analytics - PDA

• PDA uses “hard data” to reach its conclusions. 
• PDA avoids assumptions, simplifications, preconceived 

notions, and biases.

• PDA integrates 
Well Placement & Trajectory Well Tests - Workovers

Geology Completion Design

Seismic Attributes HF Implementation

Reservoir Characteristics Injection Details

Well Logs Operational Conditions

Core Analysis & SCAL Well Productivity
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AI’s Slow Progress in Petroleum Engineering

• There are three major problems associated with the 
application of AI&ML in our industry:
– Lack of Domain Expertise: 

• AI experts that do not realize the application of this technology in engineering related problems

– Traditionalists: 
• Petroleum Engineers that have a religious view of traditional technologies in the E&P

– Lack of Scientific and realistic understanding of AI&ML by 
some petroleum Engineers: 

• Petroleum Engineers that mix AI&ML with mathematical equations (hybrid 
models) and traditional statistics

Subsurface Analytics

• Subsurface Analytics is a non-traditional Physics-Based simulation 
and modeling technology.

• How Physics is modeled in Subsurface Analytics:
– Through field measurements
– Avoiding major assumptions and simplifications
– Based on the knowledge of Domain Experts

• Subsurface Analytics is Data-Knowledge Fusion Technology
• Subsurface Analytics is based on Explainable AI (XAI)
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Subsurface Analytics
Conventional  

Resources
Unconventional  

Resources

Top-Down Modeling

Smart Proxy Modeling

Shale Analytics

Dynamic Shale Analytics

Mature Fields

Green and Mature Fields

Completion& Production Optimization

Frac-Hit Prediction and Mitigation

Application of Artificial Intelligence & Machine Learning in the Upstream Oil and Gas Industry

Petroleum Data Analytics

Geological Model

Numerical 
Simulation Model

TDM SPM

Reservoir ManagementAccuracy & Speed

Field Measurements
Seismic Survey
Well Construction/Trajectory
Well Logs, Core Analysis - SCAL
Well Tests
Completion/Stimulation/Workover
Operational Constraints
Production/ Injection History
…

Top-Down Modeling Smart Proxy Modeling
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TOP-DOWN MODELING
Purely Fact-Based, Field Measurement – Driven Reservoir Simulation 

Subsurface Analytics – Conventional Resources

Sensitivity Analysis
Uncertainty Quantification

Field Development Planning

Blind Validation in Time & Space

Top-Down Modeling
Coupled “Reservoir + Wellbore” Simulation Model

Purely Based on Field Measurements – (No Equations)

Fully Automated History Match
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Data-Driven Reservoir Modeling (TDM) Workflow

Prescriptive 
Analytics:

OPTIMIZE

Predictive 
Analytics:

MODEL
Descriptive 

Analytics:

LEARN

Uncertainty Quantification 
Well Performance Prediction

Optimization:
Infill Location 
Choke Setting 

Injection (location, amount) 
Recovery 

Plateau

AI Architecture 
Learning Algorithms

No Memorization
Blind Validation

Statistics
WPA                      

(Well Performance Analysis)
KPI                          

(Key Performance Indicators)

TDM – Coupled “Reservoir + Wellbore” Model

• TDM does not require Flowing Bottom-Hole Pressure 
• TDM uses “Choke Setting” and “Wellhead Pressure” as input 
• TDM uses “Gas-Lift” as input
• TDM uses “Wellbore Completion” as input
• To optimize “Oil Production”, “GOR”, and “WC” all inputs can 

be modified.
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TDM – Fully Automated History Match

Platforms

Well Types

TDM – Fully Automated History Match

Platforms

Well Types
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TDM – Blind Validation in Time & Space

TDM Case Study 1: Onshore-Middle East

• Onshore field: RA
• Offshore field: DY
• Discovered in 1969 
• Producing since 

– April 1994 (EPS), 
– Dec 2005 (Phase I)

• Water, Gas and WAG Injection since 
– Mar 2006 (Phase I)
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Automated History Matching

1 Gas Inj.
3 WAG Inj.

Oil Production
Gas Production

M
on
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ly

 P
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du
ct
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n Blind 

History 
Match

Cum
. Production

Water Production

Reservoir Pressure

No. Days of Production

Top-Down Modeling

Field Measurements

TDM Case Study 2 : Offshore - Caspian Sea

• Field: Offshore – Caspian Sea

• Variables Tested: Choke Setting Optimization

• Number of Well Locations Tested:
Three Wells: Choke setting was modified based on TDM 
recommendations.
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Choke Setting Optimization
TDM’s Choke Setting 

Optimization proved to be 
87% accurate when 

compared with actual field 
measurements

Email of the Operating 
Company: 

“The results also show 13 
out of 15 analyses match 
with our recent flow test 
results.”

Production Optimization
Forecast and Operational Recommendations by TDM

Default System (HP System)

19 Wells flow into the LP System
Platform Well Name Zone Original Changed to Incremental 

Oil (B/D)
LB LB-145A A Sand HP LP 26
LC LC-186SS CH2 HP LP 58
LC LC-186LS CH2,3 HP LP 105

Total Incremental Oil = 189 B/D
Average Price of Oil = $75.00

Annual Incremental Income = $5.2 MM

Wellhead System

Change of the wellhead system 
did not negatively impact GOR, 

WC, & Pr as was Correctly 
Predicted by the Top-Down Model
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Production Forecasting
After TDM history matching, the operator provided choke settings for more than a year and requested to predict oil 
production from several wells. Using Choke Setting as the only input, TDM forecasts oil production for multiple wells.

Actual Monthly 
production

TDM History Match
Forecast

History Match

History Match

Forecast

TDM Forecast

Actual Production 
Field Test

Actual Smoothed 
Field Test

History Match

Forecast

History Match Forecast

Infill Well Location Optimization

Email of the Operating Company: 
“We Would like to inform you that the 
results of prediction scenario for … reservoir 
infill wells indicate a good location for 
NW021. It has been proven with completed 
new well result in June 2018.”

25

26



10/26/2020

14

Dynamic Mapping of Remaining Reserve
Infill Location Optimization: 
Using Reservoir Conductivity and Dynamic Mapping of Remaining Reserve

Infill Well Location Optimization
COMPARING THE WELL RECOMMENDED BY TDM 
WITH THE 3 CLOSEST (MOST RECENT) WELLS
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TDM Case Study 3 : Onshore-Middle East
• Field: Onshore – Middle East

• Variables Tested 
Reservoir Pressure & Water Saturation

• Forecast Validation 
5 Years after the project completion

• Number of Well Locations Tested:
23 Wells that were drilled after TDM project 
completion
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BII  ( Single String Dual Water Inj )
DII (Dual Water Inject.)
DIO (Dual Inject./Obser.)
DOO (Dual Obser.)
DPO (Dual Prod. Observer)
DPP (Dual Oil Prod.)
SI (Single Water Inj.)
SO (Single Observer)
SP (Single Oil Producer)
WAG

Forecasting Pressure & Saturation Distribution
Stress Test: 
Predicting RESERVOIR PRESSURE for 23 wells, years after the completion of the TDM Project. 

More than 90% of  the 
TDM predictions were 

more than 80% accurate

70% of  the TDM 
predictions were more than 

80% accurate
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SMART PROXY MODELING
Enhancing the Utilization of Numerical Reservoir Simulation 

Subsurface Analytics – Conventional Resources

Sensitivity Analysis
Uncertainty Quantification

Field Development Planning

Requires only a handful of Simulation Runs

Smart Proxy Modeling
Replication of Numerical Simulation Models

Cell-Based Proxy Model

Higher than 95% Accuracy
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Definition of Smart Proxy Modeling - SPM

• Smart Proxy Modeling is teaching engineering problem solving to 
an open computer program using numerical simulation data

• The Open Computer program includes a series of Machine 
Learning algorithms. 

• The Numerical Simulation Data includes:
– Data that is used to build the numerical simulation 
– Data that is generated by the numerical simulation (numerical solutions of 

the complex series of mathematical equations)

SPM – Replication of Numerical Simulation

• A complete paradigm shift in building a proxy model for the 
numerical simulation:

– Replicate the results of the original numerical simulation:
• with very high accuracy (above 90% accuracy) 
• at the grid-block level for every time step

– Decrease the computational footprint by orders of magnitude:
• Today, Smart Proxy models are run thousands of times on desktop workstations and 

laptops for analysis,
• Soon, Smart Proxy Models of highly complex numerical simulation models will be run 

on tablets and smart phones. 
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• Smart Proxy Model, unlike ROM:
– Does not simplify the physics of Numerical Simulation
– Does not reduce the Numerical Simulation resolution in 

space and time.

• Smart Proxy Model, unlike RSM, does not use 
statistics (curve fitting) to find correlation between 
few input variables and some of the output 
variables, only at certain times, or certain 
locations, using hundreds of simulation runs.

Reduced Order Modeling

Response Surface Method

SPM – Non-Traditional Proxy Models

• Each “Focal Block” has total of 26 neighboring 
blocks.

• Each “Focal Block” is connected to it neighbors 
through:
– Tier One: Planes; 6 neighboring blocks
– Tier Two: Lines; 12 neighboring blocks 
– Tier Three: Points; 8 neighboring blocks

• Therefore, each record may include static and 
dynamic data from 27 grid blocks

• Same idea works for CFD using Tetrahedrons

SPM – Cell-Based Proxy Models

35
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Spatio-Temporal Database

– Location & Characteristics of the Focal Cell
– Location & Characteristics of the Tier 1 Cells
– Location & Characteristics of the Tier 2 Cells
– Distances from the boundaries
– Production History and the Operational 

conditions for the producer wells
– Injection History and the Operational 

conditions for the Injector wells
– Distances from producers and injectors

Conventional  Resources

Reservoir Boundary

Reservoir Boundary

Producer

Injector

• Other information that is included in each record of the Spatio-
Temporal Database are:

SPM Case Study 1 : Onshore-Middle East

Size of the Full Field Model 1MM Grid 
Blocks

Formation Type Naturally
Fractured 
Carbonate

Number of Wells 167 (Horizontal)

Simulation Run 10 Hours on 12 
parallel CPU

Study Completed 2005
Implemented 2006
Look-Back Analysis 2011
Field Results published 2014
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Field Development Planning
• Wells in the field were divided into five clusters for Rate 

Relaxation:

1. Definitely a Candidate
2. Candidate

3. May or May not be a Candidate

4. Not a Candidate
5. Definitely Not a Candidate

Well Clusters Determined by Smart Proxy Modeling

1.6 Million Barrels 
Incremental Oil Production

Cluster 1

W
ater Cut %

1.9 Million Barrels 
Incremental Oil Production

W
ater Cut %

Cluster 2
0.9 Million Barrels 
Incremental Oil Production

Cluster 4

W
ater Cut %

0.9 Million Barrels 
Incremental Oil 
Production

Cluster 5

W
ater Cut %
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Incremental Revenue by Smart Proxy

Well Clusters Determined by Smart Proxy Modeling

Incremental Revenue by Smart Proxy

Average Oil Price = $75.00/bbl

Cluster 1&2   = $ 673.5 MM – 6 wells
Cluster 3        = $ 700.4 MM – 6 wells
Cluster 4&5   = $ 532.9 MM – 8 wells

41

42



10/26/2020

22

SPM Case Study 2 : Onshore-Australia

Geological Storage of 

CO2
Otway - Australia

Depth (ft)

Map of 
Permeability 
Distribution

Pressure Distribution – Layer #1
after 1 month of injection after 8 month of injection

after 16 month of injection

Training Scenario#4: 
0.7 BCF of CO2 is 
injected into the 

reservoir within 16 
months
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Saturation Distribution – Layer #1

Training Scenario#4: 
0.7 BCF of CO2 is 
injected into the 

reservoir within 16 
months

after 1 month of injection after 8 month of injection

after 16 month of injection

Pressure Distribution – Layer #1

Blind Scenario#2: 
Total of 1.8 BCF of 
CO2 is injected into 
the reservoir within 

25 months

after 1 month of injection after 12 month of injection

after 25 month of injection
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Saturation Distribution – Layer #1

Blind Scenario#2: 
Total of 1.8 BCF of 
CO2 is injected into 
the reservoir within 

25 months

after 1 month of injection after 12 month of injection

after 25 month of injection

Conclusions

• AI&ML is changing the world, our industry is not an exception.
• The most complex and the most contributor application of 

AI&ML in our industry is on reservoir engineering, reservoir 
modeling, and reservoir management.

• Subsurface Analytics:
– is the reality of Digital Transformation in our industry.
– provides an alternative to traditional reservoir management 

technologies.
– will Form the Future of our Industry.
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SHALE ANALYTICS
Purely Fact-Based, Field Measurement – Driven Completion and Production Optimization

Shale Analytics

• Shale Analytics is the application of Artificial Intelligence and 
Machine Learning to Unconventional Resources.

• Shale Analytics is significantly different from using traditional 
modeling techniques when they are applied to highly complex 
unconventional resources:
– Traditional Modeling as it applies to Shale is all about ASSUMPTIONS 

and GUESS WORK, and hardly has anything to do with REALITY.
– Only SOFT DATA is used to perform traditional modeling techniques

11
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Soft Data – Assumptions, Guess Work
• Since the physics of storage and transport phenomena in unconventional 

resources are not well understood, it cannot be explicitly modeled in detail 
using traditional tools without assumptions that compromise the solution 
integrity.

• Traditional techniques use “soft data”:
– Fracture Half Length
– Fracture Width
– Fracture Height
– Fracture Conductivity
– Stimulated Reservoir Volume

Subsurface Analytics – Unconventional Resources

Sensitivity Analysis
Uncertainty Quantification

Field Development Planning

Explainable Artificial Intelligence

Shale Analytics
Discovering Complex Patterns in Measured Data

Fact-Based Predictive Modeling of  Well Productivity

Purely Based on Field Measurements – (No Equations)

13
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Shale Analytics

Prescriptive 
Analytics:

• Generate Type Curves
• Evaluate Service Company 

Performance
• Well Spacing Optimization
• Stage Length Optimization
• Injected Fluid & Proppant 

Optimization

OPTIMIZE

Predictive 
Analytics:

• AI Architecture and 
Topology

• Learning Algorithms
• Avoiding Memorization

• Blind Validation

MODEL
Descriptive 

Analytics:
• Traditional 

Statistics
• Well Performance 

Analysis
• Key Performance 

Indicators

LEARN

Hard Data – Actual Field Measurements

16

Well Construction and Trajectory
• Measured Depth
• True Vertical Depth
• Well Location
• Inclination
• Azimuth
• Deviation

Formation Characteristics
• Thickness
• Porosity
• TOC
• Water Saturation
• Frac Gradient
• Bulk, Young, Shear Modulus
• Minimum Horizontal Stress
• Breakdown Pressure , ISIP

Completion Design
• Lateral Length
• Number of Stages
• Clusters per Stage
• Shot Density
• Cluster Spacing

Hydraulic Frac. Implementation
• Fluid Type and Amount
• Proppant Type and Amount
• Clean Volume
• Slurry Volume
• Proppant Concentration
• Fine Proppant %
• Injection Pressure
• Injection Rate

Operational Conditions
• Choke Setting
• Casing Pressure
• Tubing Pressure
• Flowline Pressure

Production History
• Daily Oil Production
• Daily Gas Production
• Daily Water Production

Well Spacing & Stacking
• Well Location in Pad
• Space between Wells
• Vertical Distance

15
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Shale Analytics - Pattern Discovery

17

Fuzzy Set 
Theory

Shale Analytics - Pattern Discovery

18

Clean Volume

17
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Stimulated Lateral Length

Shale Analytics - Pattern Discovery

20

Longitude

Shale Analytics - Pattern Discovery
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Measured Depth
Shale Analytics - Pattern Discovery

22

Total Proppant
Shale Analytics - Pattern Discovery

21
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Total Number of Stages
Shale Analytics - Pattern Discovery

Using Fuzzy Pattern 
Recognition we can 
rank variables based on 
their impact (influence) 
on a given Production 
Indicator (30 or 180 
days cum. production)

24

Key Performance Indicators - KPI
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25

30 Days Cum. Production

90 Days Cum. Production

INPUT

MODEL

OUTPUT

Machine Learning Algorithms
Latitude
Longitude
Measured Depth
TVD
Deviation Type
Incline
Azimuth
Soak Time

Stimulated Lateral Length
Shot Density
Total Number of Stages
Cluster Spacing

Porosity
Net Thickness
Initial Water Saturation
TOC
Min. Horizontal Stress

Average Well-Head Pressure

Average Injection Pressure
Average Injection Rate
Clean Volume
Slurry Volume
Max. Proppant Concentration
Total Proppants

180 Days Cum. Production

365 Days Cum. Production

Characteristics of Shake Analytics

• In Shale Analytics the Data is divided into four partitions
– Training
– Calibration
– Validation
– Blind Data – mimicking actual/realistic Forecasts

• Shale Analytics uses Explainable Artificial Intelligence (XAI)

Complete Data Set Blind Data

25
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Shale Marcellus
Location Southwestern Pennsylvania
Company Range Resources
Number of Blind Wells 73
Production Index Predicted 30 Days Cum. Rich Gas Production (Mscf)
R2 0.79

Blind Data – Actual Forecasting

Blind Data

Shale Marcellus
Location Southwestern Pennsylvania
Company Range Resources
Number of Blind Wells 58
Production Index Predicted 365 Days Cum. Rich Gas Production (Mscf)
R2 0.82

Blind Data – Actual Forecasting

Blind Data

27
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Shale Utica
Location Ohio
Company Total
Number of Blind Wells 59
Production Index Predicted 365 Days Cum. Production (BOE)
R2 0.84

Blind Data – Actual Forecasting

Blind Data

Shale Utica
Location Ohio
Company Total
Number of Blind Wells 86
Production Index Predicted 180 Days Cum. Production (BOE)
R2 0.86

Blind Data – Actual Forecasting

Blind Data

29
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Blind Data – Actual Forecasting

Blind Data

Shale Niobrara
Location Colorado
Company Anadarko
Number of Blind Wells 51
Production Index Predicted 270 Days Cum. Production (BOE)
R2 0.85

Blind Data – Actual Forecasting

Blind Data

Shale Eagle Ford
Location Texas
Company Anadarko
Number of Blind Wells 113
Production Index Predicted 360 Days Cum. Production (BOE)
R2 0.83
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Blind Data – Actual Forecasting

Blind Data

Shale Wolfcamp
Location Texas – Permian Basin
Company Pioneer
Number of Blind Wells 120
Production Index Predicted 180 Days Cum. Production (BOE)
R2 0.86

R2 = 0.86

Blind Data – Actual Forecasting

Blind Data

Shale Wolfcamp
Location Texas – Permian Basin
Company Pioneer
Number of Blind Wells 95
Production Index Predicted 365 Days Cum. Production (BOE)
R2 0.795

R2 = 0.795
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Shale Prescriptive Analytics

• Shale Prescriptive Analytics contributes to Field Development 
Planning

• During the Shale Prescriptive Analytics, the validated predictive 
models are used in order to:
– Identify the quality of the historical completion designs
– Evaluation of Service Companies Performance
– Optimization of future Completion Designs &  Implementations

Quality of Historical Completion

• How good and successful historical completion designs of the 
operating company have been?

35
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Quality of Historical Completion

Marcellus Shale 
Southwestern Pennsylvania

12%

9%

30%

34%

15%

Marcellus Shale 
Northeastern Pennsylvania

Utica Shale 
Ohio

21%

30%

49%

12%

9%

30%

34%

15%

35%

21%

14% 14%
16%

21%

30%

49%

35%

14%

51%

12%

9%

30%

34%

15%

35%

21%

14% 14%
16%

27%

19%
18%

14%

22%

21%

30%

49%

35%

14%

51%

46%

18%

36%

• How good and successful historical completion designs of the 
operating company have been?

Service Companies Performance

• Which Service Company has performed the best?
BY ELIMINATING THE IMPACT OF RESERVOIR CHARACTERIZATION

WE ARE COMPARING “APPLES” WITH “APPLES”
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Completion Optimization

• In order to maximize the productivity of the new wells, what 
would be the best completion designs?

Society of Petroleum Engineers 
Distinguished Lecturer Program
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Your Feedback is Important
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completing the evaluation form for this presentation
Visit SPE.org/dl
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