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Introduction

Exploration is the foundation of the oil and gas industry. Downstream activities
such as production, processing and distribution rely on decisions made during

exploration. When these decisions go wrong, the consequences are expensive.
A dry well after extensive seismic studies and drilling can result in losses of $5
million to $20 million per site, sometimes even more.

Oil and Gas companies often fund the explorations themselves. This means that
it is a capital-intensive, high-risk endeavour, making precision a business
imperative.

Historically, oil and gas exploration began with observation: surface signs like
natural seeps guided early explorers. As the industry matured, so did its
methods. By the mid-20th century, the introduction of digital computing marked
a turning point. Engineers moved from manual approximations to computer-
based simulations. The result was more accurate exploration along with better
geological analysis. The simulations even helped in better risk management
during the upstream processes.


https://guides.loc.gov/oil-and-gas-industry/upstream
https://guides.loc.gov/oil-and-gas-industry/upstream
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In the decades that followed, reservoir Modelling software integrated geological
and geophysical datasets into cohesive workflows. These tools improved
resource planning and well placement. By the early 2000s, real-time data
acquisition became feasible, allowing for dynamic decision-making. This
evolution highlights a consistent theme: every new layer of technology has made
exploration more data-driven and responsive.

Artificial Intelligence (Al) is the latest addition to this trajectory. Unlike previous
tools that enhanced specific tasks, Al systems learn from vast data volumes,
identify complex patterns, while generating predictive insights at scale. In a
market growing from $7.75 trillion in 2024 to $8.18 trillion in 2025 at a CAGR of
5.6%, scaling with accuracy is the game-changer. Al is redefining energy
exploration and reservoir management at every front: resource allocation, risk
assessment, forecast accuracy and asset monitoring.

Today, the Oil and Gas industry is operating in more complex conditions. Deeper
wells, unconventional formations, shifting climate patterns, and geopolitical
pressures are acting as catalyst of change in an already high-risk, high-capital
industry. Intelligence-based decision-making is the need of the hour for
companies. Al enables that shift, helping geoscientists and engineers navigate
uncertainty with greater clarity.



https://www.researchandmarkets.com/report/oil-gas-exploration-production#:~:text=The%20oil%20and%20gas%20market,this%20level%20until%20December%202021.
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This whitepaper examines three critical areas where Al is enhancing
exploration and reservoir management activities. First, we will see how Al-
enhanced seismic image interpretation leverages convolutional neural
networks (CNNs) to automatically detect faults and horizons in seismic
datasets to reduce manual effort and improve subsurface accuracy. We will
also discuss reservoir behaviour Modelling and pressure forecasting benefit
from time-series Al models, such as LSTMs, which simulate reservoir dynamics
more precisely. Finally, we will see the importance of Al in creating accurate
and real-time feedback loops. Real-time monitoring and actions can optimize
production by analysing live sensor data and allows engineers to respond
dynamically to changing field conditions.

Seismic Interpretation

Automates fault and horizon
detection using deep learning

Real-Time Feedback Risk Assessment

Optimizes field Quantifies prospect risk

operations through live through multi-variable ML
Al-driven insights .[l.l].\|[|.u models

i

Production Forecasting Well Log Analysis
Predicts output using Identifies patterns to
historical and real-time refine reservoir
data properties

Al Applications in Energy
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Subsurface Understanding and Seismic
Interpretation with Al
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Seismic interpretation is the most powerful tool for identifying and evaluating
hydrocarbon-bearing formations. It allows geoscientists to visualize subsurface
structures through the analysis of seismic waves reflected off geological layers.
Accurate interpretation is essential for pinpointing drilling locations and
assessing reservoir size with minimal exploration risk. However, traditional
workflows often involve labour-intensive horizon picking and fault delineation
both of which are prone to subjectivity and inconsistency.

The challenge is especially acute in early-stage exploration, where preliminary
screening must rapidly evaluate large basins or frontier regions. Here, speed and
scalability are essential, but they cannot come at the cost of accuracy.
Traditional manual interpretation techniques are often too slow and limited in
scope to meet the demands of today’s data-intensive exploration programs.
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Global Carbon Emissions from Transportation

Al-driven seismic interpretation, particularly through convolutional neural
networks (CNNSs), represents a step change in efficiency and precision. CNNs
are trained on labelled geological datasets and learn to recognize complex
subsurface features like faults and stratigraphic boundaries, even in noisy or
incomplete data. Once trained, these models can process new seismic volumes
at scale and rapidly identify high-potential zones.

This automation is critical in early reconnaissance stages where companies must
screen vast acreage quickly. Al accelerates the initial analysis by facilitating fault
detection, amplitude extraction, and structural pattern recognition. This helps
geoscientists to focus on high-value tasks like geological validation and well
placement strategy.

Supervised and Unsupervised Learning

Al seismic interpretation workflows generally leverage two main types of
machine learning: supervised and unsupervised. Supervised learning models use
labelled data from known wells to predict lithology and reservoir properties in
surrounding areas. However, geological heterogeneity often limits their reliability
as interpretation moves away from calibrated zones.

Unsupervised learning, groups data based on hidden statistical patterns without
requiring prior labels. Techniques such as PCA, K-means clustering, and
hierarchical modelling are particularly useful in frontier exploration, where
labelled data is sparse. These models help geoscientists identify potential traps
and fluid accumulations by revealing lithofacies transitions and fluid distributions
not easily detected through manual analysis.

Several studies and academic efforts have advanced these capabilities. CNN-
based models developed in the past decade have demonstrated high accuracy
in fault detection across complex stratigraphic settings. Research from Huang et
al. (2017) showed that multi-attribute seismic data fed into deep learning models
significantly improves fault continuity detection, outperforming conventional
attribute-based methods.



https://academic.oup.com/jge/article/17/6/1016/6024462
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Real-World Deployments by Leading Operators

Here’s how major oil and gas companies are already capitalizing on Al's seismic
potential:

e Shell has embedded Al into its exploration workflows using reinforcement
learning to optimize seismic processing and subsurface imaging. Its portfolio
now includes over 160 Al projects, many focused on reducing exploration
costs and cycle times.

e BP partnered with Bluware to integrate deep learning into seismic
interpretation. The collaboration eliminates manual fault picking and horizon
tracking, speeding up subsurface model construction and improving decision
timelines.

o ExxonMobil is developing autonomous ocean exploration robots through a
partnership with MIT’s Al Lab. These self-learning systems use real-time
seismic feedback to navigate and map deepwater environments, enhancing
pre-drill evaluation accuracy in remote regions.

Al Augmentation Benefits

Speed Basin Unsupervised Bias Reduction Focus on

Improvement Prioritization Models Al minimizes Insights

Al significantly Al facilitates quick Al employs subjective biases in Al allows
reduces the time assessment and unsupervised the interpretation geoscientists to
needed for seismic  ranking of different  |earning in areas process. concentrate on
interpretation. basins. with limited labelled deeper analysis.

data.



https://www.offshore-technology.com/data-insights/top-ranked-oil-and-gas-companies-in-artificial-intelligence/?cf-view
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Reservoir Behaviour Modelling and Pressure
Forecasting

Reservoir behaviour analysis involves the studying the movement and interaction
of oil, gas, and water through porous subsurface formations over time. These
studies are critical to field development planning, production optimization, and
reserve estimation. Key variables include reservoir pressure, permeability,
porosity, saturation, and rock-fluid interactions. Accurate interpretation of these
variables helps operators decide well placement, stimulation techniques,
production strategies, and overall asset performance. ...

Pressure forecasting, a key component of behaviour modelling, enables
engineers to predict how reservoir pressure will change with time and
production. These forecasts influence decisions about artificial lift, secondary
recovery timing, and well shut-in schedules. If these factors are mis-estimated,
they can lead to early well failures or inefficient recovery plans.
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Reservoir modelling typically involves nine technical steps, ranging from data
collection and geological modelling to history matching and optimization. Each
step requires careful integration of static and dynamic data to build a

representative model of the reservoir system.

Reservoir Behaviour, Indicators, and Insights

Characteristic

Reservoir
Behaviour

Observed
Indicators

Operational
Insight

Pressure Change

Water Issues

Gas-O0il Ratio

Productivity

Crossflow

Compartmentalization

Pressure decline
over time

Water breakthrough

Gas-oil ratio (GOR)
increase

Decline in
productivity index

Crossflow between
zones

Reservoir
compartmentalization

Drop in bottomhole
Or reservoir pressure

Sharp water cut
increase in
production data

Rising GOR in
production logs

Lower flow rates at
same pressure

Pressure anomalies
across well intervals

Inconsistent
pressure
communication
between wells

Indicates depletion;
informs lift or
injection

Suggests channelling
or coning; requires
isolation

Potential gas cap
encroachment;
adjust strategy

Formation damage
or skin effect;
evaluate stimulation

Integrity issues or
permeability
contrast; impacts
design

May require
additional wells
or modified plan
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How Al and Machine Learning Enhance Reservoir Modelling

Al, particularly machine learning (ML) models, offers distinct advantages in
modelling reservoir behaviour and forecasting pressure dynamics. Unlike
traditional physics-based simulators, ML models are not bound by
predetermined equations. They identify complex, nonlinear interactions across
large, multidimensional datasets and continuously improve as new data
becomes available.

Key Benefits of Al in Reservoir Modelling

N Multi-variable analysis

N x Al models simultaneously analyse geological, petrophysical, and
operational data such as porosity, spacing, completion type,
injection rates, and production history. They detect patterns that
conventional tools may miss....

\’\ Faster Forecasting

HDD Al-powered workflows significantly reduce the time required for
decline curve analysis. In a 2020 URTeC study, Li et al.
demonstrated that ML-based forecasting produced lower error rates
and eliminated manual curve fitting. ...

888 Improved Performance in Shale
kc,\'q)) A 2025 review by Pan et al. (Energies) showed that LSTM models

i

outperform traditional decline models in shale plays by better
capturing long-term decline and operational complexity....

Near Real-Time Refinement

ML models can be retrained with new data inputs, enabling dynamic
forecasting. This allows engineers to test multiple development
scenarios quickly. This is something static type curves cannot
support....

@


https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
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H Simulation-Equivalent Accuracy

= Bhattacharyya and Vyas (2022) used random forest algorithms in
the Bakken formation and achieved production forecasts
comparable to full-physics reservoir simulators, with a fraction of
the time and computational cost. ...

Al's Role Across the Reservoir Modelling Workflow

Al, particularly machine learning (ML) models, offers distinct advantages in
modelling reservoir behaviour and forecasting pressure dynamics. Unlike
traditional physics-based simulators, ML models are not bound by
predetermined equations. They identify complex, nonlinear interactions across
large, multidimensional datasets and continuously improve as new data
becomes available.

Data Collection & Preprocessing

‘DPO Natural language processing (NLP) and data cleaning tools can
structure unorganized well reports and logs into usable model
inputs....

@ Geological & Petrophysical Modelling
Al identifies relationships between structure and reservoir
properties to better estimate porosity and permeability distribution...

History Matching & Uncertainty Analysis

@@) ML algorithms rapidly iterate through large parameter sets to match
historical data and assess confidence intervals across multiple
models. ...


https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
https://novilabs.com/blog/ai-in-reservoir-engineering-how-artificial-intelligence-is-transforming-oil-gas/
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Optimization & Scenario Testing
Q—% Al enables scenario simulation for different completion strategies or
%’\ injection plans, guiding cost-effective development planning.

As the volume of production and reservoir data increases, Al becomes integral to
managing field complexity and extracting more actionable insight from
subsurface systems. These tools can by ho means serve as a replacement for
physics-based models. However, they offer a complementary layer that
augments engineering decisions with speed and adaptability.
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Production Optimization Through Al
Feedback Loops

Production optimization has historically been synonymous with reducing
operational costs and increasing output speed. While these are still important,
the scope has expanded.

Modern production optimization is now a continuous, data-informed process
that spans the full upstream to downstream value chain.

Simply put, the goal has scaled up from merely more barrels. It is about
extracting the right volume, at the right time, from the right places, while
maximizing return on investment.

Process Optimization
Cycle

Post-IP Optimization Seismic Screening

IP Reservoir
Monitoring Targeting
Stimulation Design Well Planning

Drilling Execution
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Why a Continuous Feedback Loop is Essential

Oilfields are dynamic systems. Pressures change, flow paths evolve, and surface
infrastructure interacts with subsurface behaviour. A one-time analysis cannot
capture this complexity. Instead, Al-powered feedback loops allow operators to
ingest real-time sensor data and adjust surface and downhole parameters
continuously.

This approach transforms operations from reactive to adaptive. Rather than
waiting for production problems to appear, engineers can intervene early,
backed by probabilistic predictions and high-resolution diagnostics.

According to a 2021 study on Al in production optimization, combining gradient
boosting models with expert-guided feature selection enabled engineers to
estimate well treatment effects over 100 times faster than traditional methods.
This led to up to 20% increase in marginality of well stimulation investments. This
underlines the value in linking data directly to decision-making cycles.

How Al Enables Real-Time Optimization

Al algorithms such as tree-based models like XGBoost, and neural networks like
LSTMs can continuously ingest and learn from streaming production data. These
models recognize deviation from expected performance and recommend
operational changes.

Some of the ways Al integrates into continuous optimization include:

e Detecting early water breakthrough from flowmeter anomalies

e Recommending real-time choke changes to stabilize pressure drawdown

e Predicting artificial lift failure based on motor current trends

e Adjusting injection rates in secondary recovery based on feedback from
pressure sensors


https://www.sciencedirect.com/science/article/pii/S2666546820300410
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Hypothetical Scenarios: What Continuous Feedback Can
Look Like in Practice

Choke Management for Unstable Wells

If a horizontal shale well starts producing erratically shortly after initial flowback,
Al systems could monitor pressure and flow variations in real time. Based on
detected anomalies, the system might recommend a minor choke adjustment to
stabilize drawdown and restore production consistency, potentially avoiding
manual field intervention.

Pre-empting Artificial Lift Failure

In a mature field, small deviations in electrical submersible pump (ESP) motor
current or fluid load could indicate the onset of gas interference. An Al model,
analysing patterns across time, might recognize these early signals and suggest
transitioning to gas-lift methods before equipment failure occurs, minimizing
disruption.

Dynamic Fracture Optimization

During a hydraulic fracturing operation, real-time micro-seismic monitoring could
reveal uneven fluid or proppant distribution across clusters. If Al detects this
early enough, it could recommend changes in pumping rate or fluid formulation
mid-operation, improving stimulation efficiency and ensuring better reservoir
contact.

Well Treatment Campaign Prioritization

If an operator is planning re-stimulation for several underperforming wells, Al
models could analyse historical performance, completion design, and reservoir
characteristics to rank the wells by potential treatment impact. This could help
engineers prioritize high-value candidates, optimizing resource allocation and
planning.
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Oil and Gas Industry In the Near Future

The integration of Al into exploration and reservoir management is as much a
technological necessity as it is a fundamental change in how decisions are made
across the upstream lifecycle. While Oil and Gas industry is considered a
latecomer in the field of Al-adaption, things are moving fast and in the right
direction with multiple big companies leaning towards advanced Al solutions.

From seismic interpretation to pressure forecasting and production optimization,
Al enables a continuous flow of insights grounded in data, not assumptions.
What once required weeks of manual analysis can now be evaluated in near real
time, with greater accuracy and operational flexibility. The result is faster
decisions and better-aligned strategies across subsurface and surface
operations.

As exploration becomes more complex and production environments more
dynamic, decision-makers in energy discovery must reassess the tools they rely
on. Agentic Al (systems that act on real-time data, learn from evolving patterns,
and support autonomous decision pathways) offers a path forward. These tools
and solutions are force multiplier for domain experts and decision-makers.

For those looking to improve asset performance and adapt faster in volatile
markets, adopting Al-enabled solutions is a smart move.
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Custom, Secure And Scalable Digital
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Perimattic builds digital solutions that change how your business
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