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Harness Upstream Geophysical and Petrophysical 

Data with AI Workflows
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Case Studies: Seismic Attributes



LEARNING OBJECTIVES

➢ GOAL01: Case Studies – Seismic Attributes

➢ GOAL02: Self-Organizing Maps (SOMs)

➢ GOAL03: Case Studies – Acoustic Impedance
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Case Studies

Classifying Multiple Seismic Attributes
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Case Studies

Classifying Multiple Seismic Attributes
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SOMPCA



Case Studies

Classifying Multiple Seismic Attributes
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Seismic Analysis: Unsupervised Neural Network & PCA
Conventional & Unconventional Reservoirs



Case Studies

Classifying Multiple Seismic Attributes
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• Reservoir geology 

• Thickness and Lateral extent

• Mineralogy

• Porosity and Permeability

• Geochemistry

• Total Organic Content (TOC)

• Maturity and Kerogen Richness

• Geomechanics

• Acoustic impedance inversion

• Young’s Modulus

• Poisson’s Ratio (Vp/Vs)

• Faults, Fractures, and Stress regimes

• Coherency and Curvature

• Fault Volumes

• Velocity Anisotropy

• Stress maps

• Pre-Stack Time Migration Traces

• Attenuation

• Bandwidth

• Envelope slope

• Instantaneous

• MuRho

• S-Impedance

• Trace envelope

• Young’s brittleness

• Poisson’s Ratio

• Poisson’s brittleness

• Shear Impedance

• P- impedance

• Brittleness coefficient

• Spectral decomposition volumes

• Instantaneous attributes



Case Studies

Classifying Multiple Seismic Attributes

11

Maplet

Training Process

Input Layer
Output Layer



Case Studies

Classifying Multiple Seismic Attributes
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Self-Organizing Maps: Unsupervised NN: Qg100 Maplet



Case Studies

Classifying Multiple Seismic Attributes
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Self-Organizing Maps: Unsupervised NN: Bulk Modulus Maplet



Case Studies

Classifying Multiple Seismic Attributes
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Self-Organizing Maps: Unsupervised NN: Instantaneous Phase Maplet



Case Studies

Classifying Multiple Seismic Attributes
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Self-Organizing Maps: Unsupervised NN: Instantaneous Frequency Maplet



Case Studies

Classifying Multiple Seismic Attributes
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Self-Organizing Maps: Unsupervised NN: VpVs Maplet



Seismic AttributesAcoustic Impedance Estimation from Seismic Data Using ML in Well-Log Resolution

Variable/Feature Description

Depth Depth in well (m)

Amplitude Seismic Trace Amplitude

AI_Log Acoustic Impedance calculated from Sonic and Density logs

Derivative2 Second time derivative of the input seismic volume 

QuadrA Quadrature Amplitude attribute; imaginary part of the analytic signal 
calculated by phase shifting original trace by 90 degrees

TraceGrad Gradient along the trace is generated.

GradMag Magnitude of the instantaneous gradient.

IFreq Instantaneous frequency, time derivative of phase angle

AI_Inv Acoustic Impedance Inversion determined from 50 well logs and 3D seismic 
cube at well locations
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Seismic AttributesSeismic AttributesCase Studies
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Seismic AttributesSeismic Attributes: Pair plotCase Studies
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Seismic AttributesSeismic Attributes: Descriptive + Normalization/Scaling + Neural Network

Normalization

Descriptive Analysis

Sequential Neural Network

Model Training Progress

Case Studies
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Seismic AttributesSeismic Attributes: Descriptive + Normalization/Scaling + Neural Network
Case Studies
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Module 08

Case Studies: Drilling Program & Completion Study 

& Virtual Assistant for Fluids and Lithology

22



MODULE 08
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This Module introduces two case studies based on a data-driven analytical methodology to address a business value 
proposition to optimize drilling and completions and identify fluids and petrophysical properties in an onshore field. We 
shall follow the SEMMA process introduced in Module 02 under Process and Methodology.  

The first case study details a repeatable and scalable data-driven analytical process to optimize drilling and completion 
strategies in a brownfield with upstream historical datasets.

The second case study under investigation in this Module is Lithology-Fluids and Rocks pattern recognition. We shall discuss 
an automated workflow with domain input to identify important historical datasets that can predict an African asset's rocks 
and fluid contents. The analytical workflow follows a SEMMA process to cleanse data, perform Exploratory Data Analysis, 
and generate Tukey diagrams to understand feature relationships and feature engineering for derived variables and 
statistical predictive power.
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