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Deep learning, a subset of AI and a data-driven algorithm based on
artificial neural networks (ANNs), has been applied to solve various oil and
gas industry problems, especially optimization and forecasting.
Optimization and forecasting are the essential parts of the field
development planning and reservoir management studies. Proper design and
development of a field can sustain hydrocarbon production.

The reservoir simulation model is the most popular tool for completing
tasks, such as well placement optimization and forecasting reservoir
performance, and assisting in decision making. Optimization of horizontal
well placement using reservoir simulation, in particular, is time-consuming
and requires high computational demands as the number of decision
variables in horizontal well i1s significantly increased compared to vertical
well. At the same time, forecasting reservoir performance 1is critical,
especially in the CO2 EOR and storage projects. Forecasting monitors
reservoir operation and facilitates in measuring, monitoring, and verifying
(MMV) of CO2 storage and observes the amount of oil recovery over the life
of wells. Forecasting via reservoir simulation requires a large amount of
reservoir data and is labor-intensive. Each step of reservoir simulation
entails numerous uncertainties, ranging from uncertainties in reservoir
input data to those in laboratory studies that affect reservoir performance
prediction.

As discussed above, the present reservoir modeling paradigm still employs
analytical and numerical methodologies with a bottom-up approach.
Consequently, such approaches are mnot always practical for field
development planning and reservoir management studies, especially in a
constantly and rapidly evolving environments. Therefore, this research aims
to develop data-driven reservoir models as an alternative to the
physics-driven models in instances where traditional modeling is slow,
costly, and laborious.

The first study proposes a novel approach for quick and robust
decision-making for optimizing horizontal well placement wusing a
data-driven approach by employing a deep learning model. A synthetic
database comprised of nine fundamental parameters that influence recovery
mechanisms in thin oil reservoirs was generated to train the model. The
accuracy and computation time of a deep-learning model trained on a
synthetic database were compared to a novel optimization method that

combines a genetic algorithm and a particle swarm optimization (hybrid
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GA-PSO) algorithm. The deep-learning model predicted optimum well
placement (heel and toe points) with an accuracy comparable to the hybrid
GA-PSO algorithm. Furthermore, the prediction obtained by the
deep-learning model takes significantly less computation time than the
hybrid GA-PSO algorithm.

The second study aims to develop a predictive and reliable data-driven
model for forecasting the fluid production (oil, gas, and water) of existing
wells and future infill well for CO2 enhanced oil recovery (EOR) and storage
projects. Several models were investigated, such as auto-regressive (AR),
multilayer perceptron (MLP), and long short-term memory (LSTM) networks.
The models were trained based on static and dynamic parameters and daily
fluid production while considering the inverse distance of neighboring wells.
The developed models were evaluated using walk-forward validation and
compared based on the quality metrics, span, and variation in the
forecasting horizon. The AR model demonstrates convincing generalization
performance across various time-series datasets with a long but wvaried
forecasting horizon across eight wells. The LSTM model has a shorter
forecasting horizon but strong generalizability and robustness 1in
forecasting horizon consistency. MLP has the shortest and most varied
forecasting horizon compared to the other models. The LSTM model exhibits
promising performance in forecasting the fluid production of future infill
well when the model is developed from an existing well with similar
features to the infill well.

The following section provides a brief explanation for every chapter of the
thesis. Chapter 1: Introduction provides the background and formulates the
research problems. In this chapter, the aim and the objectives of the
research are also presented. Chapter 2: Theoretical Background describes
the theoretical framework and fundamentals of the data-driven models,
including model types, learning process, evaluation methods, and how to
design a neural network. Chapter 3: A Data-driven Approach for Optimizing
Horizontal Well Placement in Thin Oil Rim Reservoirs Using Deep Learning
presents the methods to develop a data-driven model for optimizing
horizontal well placement in thin oil rim reservoirs. This chapter also
compares the solution quality and efficiency between the developed model
and the hybrid GA-PSO algorithm. Chapter 4: Time Series Forecasting of
CO2-EOR Storage Project Performances Using a Data-driven Approach

discusses the development of time series data-driven model forecasting
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existing well and future 1infill well performance in CO2:2-EOR Storage
Projects. In addition, this chapter investigates various time series models
and evaluates them based on the quality metrics, span, and variation in the
forecasting horizon. Chapter 5: Conclusions and Recommendations concludes
the outcomes of the research and recommends some improvements for

further work.
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