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Al and IAGEN Application Use Case

Hydraulic Fracturing Design and Fracture Propagation Modeling to
Optimize Inputs

I. Introduction

The Vaca Muerta formation in Argentina has established itself as one of the world's most
important shale gas and shale oil reserves, with enormous potential to transform the

country's energy landscape and contribute to global energy security.

Its development promises to boost regional economic growth, attracting foreign

investment and generating new employment opportunities.

However, the exploitation of Vaca Muerta is not without its challenges. Hydraulic
fracturing, or "fracking," a technique essential for extracting hydrocarbons from shale
formations like Vaca Muerta, involves the high-pressure injection of a fluid composed
primarily of water, sand, and chemical additives into the rock formation to create
fractures that allow oil and gas to flow into the well. While this method has proven
effective, it has also raised concerns about its environmental impact, including potential
aquifer contamination, the induction of seismic activity, and intensive water use. The
geological complexity of Vaca Muerta, with its variations in rock composition and the
presence of natural faults and fractures, adds another layer of difficulty when it comes to

predicting the behavior of induced fractures and optimizing fracturing design.

In this context, Generative Artificial Intelligence (GENA) emerges as a tool with great
potential for optimizing hydraulic fracturing design in Vaca Muerta. GENA enables the

creation of predictive models that simulate fracture propagation, the interaction between



the fracturing fluid and rock, and long-term reservoir behavior. This information, in turn,
facilitates informed decision-making to improve extraction efficiency, reduce water and

chemical additive consumption, and minimize environmental risks.

Il. Specific Technologies and Models

IAGEN encompasses a variety of technologies and models that can be applied to

hydraulic fracturing design. These technologies allow for analyzing large volumes of data,

simulating complex scenarios, and optimizing the fracturing process.
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IAGEN and Operational Safety

IAGEN can significantly contribute to improving operational safety in hydraulic fracturing.

By providing real-time information and accurate predictions, IAGEN enables operators to

take preventive and corrective measures to ensure the safety of personnel and the

environment.

Event Prediction: IAGEN can be used to predict events that could compromise

operational safety, such as the loss of fracturing fluid circulation or the induction of

seismic activity. This predictive capability enables preventive measures to be taken

to avoid accidents and protect worker health. For example, IAGEN can alert operators

to potential changes in injection pressure that could indicate a loss of circulation.

Real-Time Monitoring: IAGEN facilitates real-time monitoring of hydraulic fracturing

operations, allowing anomalies to be detected and corrective measures to be taken

immediately. This continuous monitoring contributes to accident prevention and

optimization of the fracturing process. Sensors installed in the wellbore and at the

surface transmit data to analysis platforms that use IAGEN algorithms to identify

potential problems in real time.

Risk Analysis: IAGEN can be used to conduct risk analyses that identify areas of
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greatest vulnerability in hydraulic fracturing operations. This information enables the
implementation of targeted safety measures to mitigate risks and ensure the safety
of personnel and the environment. For example, IAGEN can help identify areas at
greatest risk of inducing seismic activity.

Well casing and cementing: Well casing and cementing are crucial safety measures
in hydraulic fracturing. Steel or cement casing prevents wellbore collapse and
protects groundwater from contamination. IAGEN can complement these measures
by providing information on the integrity of the casing and cementing, allowing for
the detection of potential leaks or failures.

Measurable Impact of IAGEN

The IAGEN has the potential to generate a measurable impact on the efficiency and

sustainability of hydraulic fracturing in Vaca Muerta. By optimizing fracturing design, the

IAGEN can increase production, reduce water consumption, and minimize environmental

impact.

Increased production: Optimizing fracturing design using IAGEN can result in
significantly increased hydrocarbon production. Predictive models allow for
identifying reservoir zones with the highest production potential and designing
fracturing to maximize oil and gas recovery. By more accurately predicting fracture
propagation, IAGEN can help increase the surface area between the wellbore and the
reservoir, resulting in increased production.

Reducing Water Consumption: IAGEN can contribute to reducing water consumption
in hydraulic fracturing by optimizing the amount of fracturing fluid and identifying
alternative water sources. This reduction in water consumption is crucial in water-
scarce regions such as parts of Vaca Muerta. IAGEN can help determine the
minimum amount of water required for effective fracturing, thereby reducing the
impact on freshwater sources.

Emissions Reduction: IAGEN can help reduce greenhouse gas emissions from
hydraulic fracturing by optimizing the process and reducing the need for gas venting

and flaring. This reduction in emissions contributes to climate change mitigation and



environmental protection. By improving extraction efficiency, IAGEN reduces the
amount of gas released into the atmosphere.

¢ Influence of injection rate: The injection rate of the fracturing fluid has a significant
influence on fracture characteristics, such as initiation pressure, propagation time,
and breakout pressure. IAGEN can help optimize injection rate to maximize
fracturing efficiency and minimize the risk of formation damage.

V. Al agents and agentic workflows. The evolution of generative Al.

1. IAGEN Agents Concept

In recent years, generative artificial intelligence (GAI) has revolutionized the way we
interact with technology, enabling the development of systems capable of generating
content, answering complex questions, and assisting with highly demanding cognitive
tasks. From this capability, a new technological architecture has emerged: GAl-powered
agents. These agents are not simple conversational interfaces, but autonomous systems
that can interpret instructions, make decisions, execute tasks, and learn from their

interactions with the environment.

An IAGen agent combines large language models with additional components such as
external tools, memory, planning, and autonomous execution. This allows them to
operate in complex environments, with the ability to break down objectives into steps,
coordinate multiple actions, interact with digital systems (such as databases, APIs, or
documents), and adapt to context changes in real time. These qualities distinguish them
from traditional chatbots and open up a range of more sophisticated and customizable

applications.

At the organizational level, these agents are being used to automate processes, generate
data analysis, assist in decision-making, and improve the user experience, both internally
and externally. For example, they can take on human resources, legal, financial, or
logistics tasks, and even tasks linked to the technical areas of production processes,
acting as intelligent assistants that collaborate with human teams. This ability to

integrate knowledge and execute tasks autonomously transforms the way organizations



can scale their operations without losing quality or control.

Furthermore, agentic workflows—structures where multiple agents collaborate to solve
complex problems—allow responsibilities to be distributed among different agent
profiles, each with specific functions. This creates hybrid work environments where
humans and agents coexist, optimizing time, costs, and results. The ability to connect
agents with tools such as Google Drive, CRMs, or document management platforms

further expands their capabilities.

The development of IAGen-powered agents represents a crucial step toward a new era

of intelligent automation.

Among the benefits of authentic workflows powered by generative Al models is the ability
to automate entire production processes, end-to-end, and even add value by leveraging

the capabilities of language models based on these technologies.

However, its implementation also poses technical, ethical, and legal challenges, ranging
from responsible design to human oversight. Therefore, understanding its architecture,
operational logic, and potential impacts is critical for its effective and safe adoption in

diverse professional contexts.

2. Proposal for Agentic Flow design powered by IAGEN

The implementation of AIGEN in hydraulic fracturing requires an agentic flow involving
the interaction of various agents, including sensors, analysis platforms, engineers, and
operators. This interaction enables the collection, analysis, and application of data to

optimize the fracturing process.

Sensors and Devices: IAGEN relies on data collection from sensors and devices installed
in the wellbore and at the surface. These sensors provide information on pressure,
temperature, flow rate, and other parameters relevant to fracturing monitoring and
optimization. The data collected by the sensors is transmitted in real time to analysis

platforms.



Analytics Platforms: Data collected by sensors is transmitted to analytics platforms that
use IAGEN algorithms to process the information and generate predictive models. These
platforms enable data visualization, scenario simulation, and informed decision-making.
Analytics platforms use machine learning techniques to identify patterns and trends in

the data.

Engineers and Operators: Engineers and operators use the information provided by
IAGEN to optimize fracturing design, monitor operations in real time, and make decisions
that improve efficiency and safety. IAGEN facilitates collaboration among the various
stakeholders involved in hydraulic fracturing. Engineers can use predictive models to

adjust fracturing parameters in real time.

Nanomaterials: Nanomaterials have the potential to improve the efficiency of fracturing
fluids. For example, nanomaterials can improve fluid rheological properties, increase their
sand-carrying capacity, and reduce damage to fracture conductivity. IAGEN can be used

to optimize the design of nanomaterials for specific applications in hydraulic fracturing.

VI. Advantages of IAGEN in Fracture Design

IAGEN offers several significant advantages over traditional fracture design methods.
While traditional methods, such as those used in bone medicine, often rely on inaccurate
diagnoses and can turn soft tissue injuries into more serious problems, IAGEN relies on

rigorous data and analysis to optimize the fracture process.

e Greater Accuracy: IAGEN enables the creation of more accurate predictive models
that incorporate geological, geomechanical, and production data to simulate induced
fracture behavior. This increased accuracy facilitates the optimization of fracturing
design to maximize hydrocarbon production. Unlike traditional methods, which often
rely on intuition and experience, IAGEN uses advanced algorithms to analyze large
data sets and generate more reliable predictions.

e Resource Optimization: IAGEN enables the optimization of resource use such as



water and chemical additives in hydraulic fracturing. Predictive models help
determine the optimal amount of fracturing fluid and its ideal composition for each
stage of fracturing, reducing resource consumption and operating costs.
Additionally, IAGEN can help identify alternative water sources, such as treated
wastewater, to minimize the impact on freshwater sources.

e Risk Minimization: |IAGEN facilitates the identification and mitigation of
environmental and operational risks in hydraulic fracturing. Predictive models allow
for the simulation of different scenarios and the assessment of the potential impact
of operations, helping to prevent aquifer contamination, the induction of seismic
activity, and other risks. For example, IAGEN can be used to predict fracture
trajectories and prevent their propagation into aquifers or populated areas.

¢ Informed Decision-Making: IAGEN provides detailed and accurate information that
facilitates informed decision-making in hydraulic fracturing design. Predictive
models help engineers evaluate different options and select the most efficient and
sustainable fracturing strategy for each well. Additionally, IAGEN can be used to
develop machine learning techniques that minimize costs and enable the application
of Al in hydraulic fracturing.

e Analogy to fracture healing: Similar to medicine, where controlled axial micromotion
has been shown to accelerate bone fracture healing, AGE can optimize fracturing
design for improved resource extraction. AGE allows for more precise control of
fracture propagation, resulting in greater efficiency in hydrocarbon extraction.

VII.  Current Challenges in Hydraulic Fracturing in Vaca Muerta

Hydraulic fracturing in Vaca Muerta faces a series of challenges that affect the efficiency
and sustainability of operations. These challenges require a thorough understanding of

the reservoir's geology, fracturing technology, and potential environmental impacts.

e Geological complexity: The Vaca Muerta Formation presents a complex geology
with variations in rock composition, the presence of faults and natural fractures, and
heterogeneous hydrocarbon distribution. This complexity makes it difficult to predict

the behavior of induced fractures and optimize fracturing design. For example, the



VIII.

presence of natural faults can deviate the trajectory of hydraulic fractures, reducing
extraction efficiency.

Water availability: Hydraulic fracturing requires large volumes of water, which can
create tensions in water-scarce regions such as parts of Vaca Muerta. Competition
for water between the oil and gas industry, agriculture, and other users is a significant
challenge that requires efficient water management solutions. In particular, the
Afelo region, where most of the fracking activity in Vaca Muerta is concentrated, is
facing increasing water scarcity. It is crucial to find a balance between the needs of
the industry and the availability of water for other uses.

Environmental risks: Hydraulic fracturing carries environmental risks such as
groundwater contamination, the emission of greenhouse gases like methane, and
the generation of wastewater that requires proper treatment. Minimizing these risks
is crucial to the sustainability of operations in Vaca Muerta.

Operational Safety: Hydraulic fracturing operations involve complex equipment and
processes that require high safety standards to prevent accidents and protect worker
health. Implementing robust safety measures and staff training are essential to
ensuring operational safety. Safety hazards include falls, strikes, run-overs, and
entrapment. Internal traffic control plans, fall protection systems, and equipment
lockout procedures during maintenance are essential to minimize these risks.

Future Perspective

IAGEN has a promising future in the hydraulic fracturing industry. IAGEN is expected to

continue evolving, with the development of new technologies and models that will enable

greater accuracy in predicting fracture behavior, greater resource efficiency, and

improved operational safety. IAGEN will become an indispensable tool for optimizing

hydraulic fracturing in Vaca Muerta and other shale formations around the world.

Advances in Directional Drilling: Directional drilling has been fundamental to the
development of modern hydraulic fracturing. This technology allows for the drilling
of horizontal wells that access a larger reservoir area, increasing production and

reducing environmental impact. IAGEN is expected to contribute to improving the



accuracy and efficiency of directional drilling.

e Greater energy independence: Hydraulic fracturing has significantly contributed to
increased natural gas production, allowing countries like the United States to reduce
their dependence on energy imports. IAGEN is expected to continue boosting natural
gas production and contribute to countries' energy independence.

e Future Challenges: Despite its potential, hydraulic fracturing also faces future
challenges, such as the risk of groundwater contamination and the induction of
seismic activity. Itis crucial that the industry and regulators work together to address
these challenges and ensure the safety and sustainability of hydraulic fracturing
operations. IAGEN can play an important role in identifying and mitigating these
risks.

IX. Conclusion

The Vaca Muerta formation in Argentina represents an invaluable opportunity for the
country's energy development and global energy security. Hydraulic fracturing is an
essential technique for exploiting this resource, but it presents technical and
environmental challenges that demand innovative solutions. IAGEN is positioned as a key
tool for optimizing hydraulic fracturing design, improving extraction efficiency, reducing

resource consumption, and minimizing environmental risks.

Vaca Muerta's specific challenges, such as geological complexity, water scarcity, and
environmental risks, can be more effectively addressed through the application of IAGEN.
IAGEN enables the creation of predictive models that simulate fracture behavior, optimize
the use of resources such as water and chemical additives, and predict events that could

compromise the safety of operations.

The implementation of IAGEN in Vaca Muerta has the potential to generate a measurable
impact on hydrocarbon production, water management, operational safety, and
environmental sustainability. IAGEN is expected to continue evolving and become an
indispensable tool for the hydraulic fracturing industry in the future, contributing to more

efficient, safe, and responsible exploitation of unconventional resources.
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