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In-situ stress analysis and fracture characterization in oil reservoirs with complex geological
settings: A multi-methodological approach in the Zagros fold and thrust belt

SRR | e ho B e 2 474 2 R 35 1 2 SN IS) & 7 5 7 ¢ — DR AT -
U AR A 3513 % /L F R0 B
(B LN AEDES)

Subduction of the Arabian tectonic plate under the Eurasian plate has controlled the geological evolution of
the Zagros suture zone and is considered one of Earth's most prominent regions of convergent deformation. The
study area represents a critical focal point for understanding tectonic processes and in-situ stress regimes due
to its location along the Zagros suture zone. This zone is a key geological feature characterized by complex
structural formations, active tectonic movements, and varied stress regimes. Complex structures with different
stress regimes present challenges in tectonic studies and affect the effective production and development of
hydrocarbon resources. Using a combination of conventional and image logs, this dissertation provides valuable
insights into the tectonic and geomechanical characteristics of the Zagros suture zone. The study
comprehensively analyzed stress magnitude and orientations, natural fractures, pore pressure, and stress regime
in two oil fields located in the southwestern Zagros suture zone and one oil field in the northwestern Zagros
suture zone. The main contents are described below.

Chapter Two focuses on the geology and tectonic background of the northwestern and southeastern part of
the Zagros suture zone, specifically in the Kurdistan region of Iraq and the Dezful embayment southwest of
Iran. It discusses how different tectonic forces have shaped the geology of the Zagros suture zone over various
eras, with the current tectonic setting largely influenced by the collision of the Arabian and Eurasian plates.
This chapter details the tectonic evolution of the Zagros suture zone, formed through various geological stages,
and outlines the distinct geological structures and formations resulting from this evolution.

Chapter Three gave an overview of existing methods of determining and measuring in situ stress, classifying
them into direct and indirect methods. This chapter explains that each stress measurement method has different
merits and disadvantages and is applicable only under certain conditions. It discusses the reliability of different
methods for this purpose, highlighting that breakout data from image logging can provide accurate stress
orientations and magnitudes at intermediate depths. The chapter suggested that when combined with actual
measurements from wellbore data, theoretical methods, such as the poroelastic strain model, can yield valuable
insights about stress states in active tectonic regions.

Chapter Four investigated the present-day stress state of the northwestern section of the Zagros suture zone
in the Kurdistan region of Iraq. In addition, it explains a comprehensive methodology for applying the breakout
approach and poroelastic strain model to determine the orientation and magnitude of horizontal principal
stresses. The stress pattern was determined by combining image logs and conventional logs. The results showed
that the stress regime below the depth of 1600 m is thrust faulting, and above this depth, it transforms into a
strike-slip fault regime. The mean azimuth of the maximum horizontal in-situ stress, N72°E, is consistent with
the tectonic movement and previous studies in the nearby Zagros suture zone. Regarding drilling implications,
the redistribution of stresses and the transition from a strike-slip faulting stress regime to a reverse fault stress
regime are critical and will undoubtedly affect the stability of drilled wells throughout the field. The pattern of
tectonic stress fields in northern Iraq was found to be mainly controlled by the collision between the Arabian

and Eurasian plates.
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Chapter Five provides a detailed analysis of the stress state in the southeastern Zagros suture zone,
underlining the complex interplay between thrust faulting and strike-slip regimes. The study comprehensively
analyzed the magnitude and orientations of in situ stress, natural fractures, and pore pressure in two oil fields
in the Zagros foothills. The findings of this study have significant implications for energy field development,
optimizing drilling practices, wellbore stability, and reservoir management in similar geological settings. A total
of 3.2 km length of images and conventional logs from seven wells in both fields were used to determine the
magnitude and orientation of in situ stresses. The results revealed that the azimuth of maximum horizontal stress
in Field A and Field B were N32°E and N55°E, respectively. Field A is located in the SW sector of Dezful
embayment which is 60 Km away from the Field B in the NE sector of Dezful embayment. The orientation of
natural fractures was found to be closely aligned with the maximum horizontal stresses, confirming the
reliability of the stress analysis. Increasing differences between the azimuth of maximum horizontal stress based
on breakout and drilling-induced tensile fractures with increasing depth indicated the complexities in the
subsurface stress regime. The assessment of stress regimes highlighted its variations with depth. Field A
transitioned from a distinct thrust faulting regime to a cross-over of thrust and strike-slip faulting regimes with
increasing depth, whereas Field B maintained a consistent thrust faulting stress regime.

Chapter Six provides significant insights into the effectiveness of various supervised machine-learning
classification models for identifying borehole breakouts by conventional logs. This chapter highlights the
application of various supervised machine learning models, including K-Nearest Neighbors (KNN), Decision
Tree (DT), Random Forest (RF), Support Vector Machine (SVM), and Extreme Gradient Boosting (XGBoost)
for identifying borehole breakouts. With their ensemble approaches, the RF and XGBoost models demonstrated
an accuracy of 92% and emerged as the most robust and accurate, maintaining high-performance metrics. In
addition, this chapter provides a detailed examination of input parameters, revealing that combining all available
well logs as input data improved the model's performance. Moreover, careful tuning of hyperparameters was
vital in optimizing each model's ability to discern between breakout and non-breakout intervals effectively. The
robustness evaluation process, employing a varying test data size and shuffle mode, has demonstrated the
models' consistency and reliability, a testament to the robustness of the methodologies applied.

Chapter Seven sumrizes the conculusions of this dissertation.

In summary, this dissertation makes a substantial contribution to the field of structural geology and petroleum
engineering by providing a comprehensive analysis of the tectonic and geomechanical dynamics of the Zagros
suture zone. By integrating findings from various methodologies, including conventional and image logs,
breakout analysis, and advanced machine learning techniques, this study offers a nuanced understanding of
stress regimes, fracture patterns, and wellbore stability in key oil fields of this region. Such advancements would
improve our understanding of the Zagros suture zone and provide valuable insights for energy field
development, optimizing drilling practices, and reservoir management in similar geological settings, ultimately

improving the efficiency and productivity of oil and gas operations in the region.
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