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SUMMARY

In recent years, the global push for unconventional energy sources, notably shale formations,
has reshaped the energy landscape. The United States, a pioneer in this revolution, has seen a
remarkable rise in shale gas and tight oil production. Meanwhile, countries like Ukraine are
keen on tapping into their unconventional reserves. This paper conducts comparative analysis
of Ukrainian shale formation Rudov Beds (V-23) against their American counterparts,
focusing on various geological and petrophysical parameters. The primary goal is to assess
Ukraine's Visean deposits' potential by drawing parallels with renowned US shale plays. The
study incorporates data from core samples and petrophysical evaluations from numerous
wells. Initial findings indicate similarities between V-23 and other prolific shale formations.
In conclusion, this research provides early indications of the prospectivity of Ukraine's
unconventional shale formation, laying the groundwork for future exploration and
contributing to regional knowledge of unconventional reservoirs.
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Introduction

In recent years, the exploration and development of unconventional energy sources have gained
significant momentum worldwide, revolutionizing the global energy landscape. Among these
resources, shale formations have emerged as a promising avenue for extracting vast amounts of oil
and gas. The United States has been at the forefront of this unconventional energy revolution, with
several prolific shale plays contributing to its status as a major hydrocarbon producer. Production
from shale gas and tight oil plays in the U.S. has increased from <5 billion cubic ft per day (bcfd) dry
gas and <0.5 million barrels of oil per day (mmbd) in 2005 to 65 befd dry gas and >7.0 mmbd in 2018
(Energy Information Administration [EIA]). Meanwhile, countries like Ukraine have also shown great
interest in unlocking their own unconventional reserves. In this article, we will undertake a
comprehensive comparative analysis of various shale formation in the Ukraine and its analogues in
United States, specifically focusing on geological, geophysical, petrophysical, geochemical, and other
relevant parameters. Our primary objective is to leverage the method of analogy to assess the potential
of Ukraine's Visean deposits in the context of renowned shale plays in the United States.

The shale formations under examination include the Bakken Shale in the Williston Basin, the Barnett
Shale in the Fort Worth Basin, the Woodford Shale in the Anadarko Basin, the Haynesville Shale in
the Haynesville-Bossier Basin, and the Eagle Ford Shale. These formations have played a pivotal role
in transforming the energy landscape of the United States and have garnered significant attention from
industry experts and researchers.

By analyzing and drawing parallels between the shale formations in the United States and Ukraine,
we aim to shed light on the potential for the Visean deposits in Ukraine to serve as a valuable
unconventional energy resource. This comparative study will provide valuable insights into the
geological characteristics, reservoir properties, and production potential of the Ukrainian shale
formations, helping stakeholders in the energy industry make informed decisions regarding
exploration and development strategies. By leveraging the experiences gained from successful shale
developments in the United States, we can identify key similarities and differences between the
analyzed shale formations. This knowledge can serve as a foundation for future research and guide
policymakers, geologists, and engineers in unlocking the vast potential of Ukraine's unconventional
TeServoirs.

Objects

1.1 Rudov Beds (Dnipro-Donets Basin)

The Rudov Beds (V-23) in Ukraine are a significant shale formation that has gained attention among
geoscientists due to its potential as a hydrocarbon reservoir. In this chapter, we will provide a brief
description of the sedimentary conditions of the Rudov Beds based on the available literature and
references. The V-23 are known to be of Mississippian age and are located in the Dnipro-Donets
Basin in Ukraine. The formation consists of mix of shales, silica and carbonates sediments with
different ranges of these lithological groups depending on basin location, facies. The Rudov Beds are
characterized by organic-rich sediments with high total organic carbon (TOC) content (reaching up to
15%weight in some areas) and high gamma-ray values (Gavrish et al., 1994; Machulina & Babko,
2004). The organic matter in the Rudov Beds is predominantly Type II kerogen interspersed with
Type III indicating a mixed marine and terrestrial organic source. The vitrinite reflectance at 5 km
depth ranges from less than 1% Ro in the northwestern DDB to 2% Ro in the central and southeastern
DDB. The high TOC content (average 4-10%) and maturity (Late Oil/Wet Gas Window), low clay
content (less than 40%) and satisfactory porosity (average 4-8%) suggests that the Rudov Beds have
favorable conditions for hydrocarbon generation and preservation within current licences of petroleum
companies.

The Rudov Beds (V-23) also exhibit variable mineralogical composition. X-ray diffraction (XRD)
analyses have revealed that the sediments are primarily composed of quartz, clay minerals (including
illite, smectite), carbonate minerals (calcite and dolomite), feldspar, pyrite and siderite (Iuras et al.,
2023). The clay minerals in the Rudov Beds are believed to have originated from the weathering and
erosion of nearby source rocks and were subsequently transported and deposited in the basin. The
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Rudov Beds (V-23) are interpreted to have been deposited in a relatively low-energy, anoxic
environment, which facilitated the preservation of organic matter and the formation of shale. The fine-
grained nature of the Rudov Beds suggests deposition in a relatively quiet, low-energy setting, where
sedimentation rates were slow, allowing for the accumulation of organic-rich sediment.

1.2 Bakken Shale (Williston Basin)

The Bakken Shale is a major shale formation located in the Williston Basin, which spans across parts
of North Dakota, Montana, and Saskatchewan, Canada. The sedimentary conditions of the Bakken
Shale are characterized by a complex depositional history involving multiple marine transgressions
and regressions during the Late Devonian to Early Mississippian periods. The Bakken Formation
consists of two source rocks (upper Bakken and lower Bakken shale) and the middle Bakken
reservoir, which is composed of mixed lithologies, including sandstone, dolomite and limestone (Eker
et al., 2014). Bakken shale members are heterogeneous and a complex mixture of quartz, carbonate,
illite, smectite, pyrite.

1.3 Barnett Shale (Fort Worth Basin)

The Barnett Shale is a prominent shale formation located in the Fort Worth Basin, which is situated in
north-central Texas. The sedimentary conditions of the Barnett Shale indicate that it was deposited in
a deeper water foreland basin that had poor circulation with the open ocean. Throughout much of the
basin's history, the bottom waters were euxinic, creating an environment conducive to the preservation
of organic matter. This resulted in the formation of an organic-rich source rock. (Robert et al., 2007).
The Barnett Shale is composed primarily of quartz, clay minerals (including illite, smectite, and
mixed-layer illite/smectite), carbonate minerals (calcite and dolomite), feldspar, pyrite and siderite
(Bowker, 2007).

1.4 Woodford Shale (Anadarko Basin)

The Woodford Shale is a significant shale formation located in the Anadarko Basin, encompassing
parts of Oklahoma and Texas. It is a sedimentary rock unit that was formed during the Late Devonian
to Early Mississippian periods, approximately 360 to 320 million years ago. The Woodford Shale is
predominantly composed of fine-grained mudstones and organic-rich shale, interspersed with minor
amounts of carbonate and siltstone. The depositional environment of the Woodford Shale suggests a
deep, anaerobic sea floor conditions during a global sea level transgression, allowing for the
preservation of organic matter and the development of hydrocarbon-rich source rocks (Burruss and
Hatch, 1989). The shale matrix of the Woodford formation consists of clay minerals such as illite,
mixed-layer illite/smectite, kaolinite, carbonate, along with quartz and organic material
(Abousleiman, 2008).

1.5 Haynesville Shale (Haynesville-Bossier Basin)

The Haynesville Shale is a prominent shale formation located in the Haynesville-Bossier Basin,
primarily spanning across parts of Louisiana, Texas, and Arkansas. It is a thermally mature organic-
rich rock unit that originated during the Late Jurassic to Early Cretaceous periods, related to a second-
order transgression that deposited organic-rich black shales worldwide, approximately 150 to 170
million years ago (Klemme,1994). The Haynesville Shale is primarily composed of organic-rich
mudstones and shales, interbedded with thin layers of siltstone and sandstone. The depositional
environment of the Haynesville Shale suggests a marine setting characterized by relatively deep water
and low oxygen levels, promoting the preservation of organic matter and the formation of
hydrocarbon-rich source rocks (Hammes et al., 2011). The shale matrix of the Haynesville formation
consists of clay minerals, predominantly illite and smectite, along with quartz, calcite, and pyrite.

1.6 Eagle Ford Formation (Maverick Basin)
The Eagle Ford Formation is a prominent marine, organic-rich, silty carbonate-shale formation
located in South Texas, stretching across several counties. It is a Late Cretaceous-age rock unit,
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formed approximately 86 to 93 million years ago. The Eagle Ford Formation is an organic-rich
calcareous shale, in places transitioning to an organic, argillaceous lime mudstone, but lithology can
be highly variable and may contain bitumen, inertinite derived organic matter and dispersed vitrinite
(Hackley and Cardott, 2016). The depositional environment of the Eagle Ford Formation indicates a
transitional marine setting, with deposition occurring under a variety of conditions ranging from
shallow shelf to deeper basin environments (Sun et al., 2016). The shale matrix of the Eagle Ford
formation comprises clay minerals, including illite, mixed-layer illite/smectite, and chlorite, as well as
quartz, carbonate minerals, and organic matter.

Method

We used results of analysis of several hundred core samples from 25 wells and petrophysical
evaluation of logs from around 100 wells across all DDB. According to core data we used follow lab
methods: TOC, Rock-Eval pyrolysis, XRD, vitrinite reflectance measurements, thin sections
petrographic descriptions. We analyzed petrophysical model of V-23 for understanding lithology,
porosity, TOC content changes.

Results and Discussion

The majority of porosity for all our shale formations falls in the range of 5-10%, average porosity
values for productive shale plays range from 5.6-6.6%. Average TOC concentrations range from 2—
3% (Eagle Ford, Barnett) to 10-12% (Upper and Lower Bakken). The maturity range is very
heterogeneous, but primarily average range of 1-3% Ro and have II-III type of kerogen. The average
thickness of shale formations can vary significantly, typically ranging from 10 to 120 meters.
However, in the specific case of V-23, this thickness is considered sufficient to employ horizontal
drilling techniques effectively. X-ray Diffraction (XRD) analysis of the core samples provided
valuable insights into their mineralogical composition. Among the various geological formations
examined, the results of the XRD analysis indicated that our samples exhibited the highest degree of
similarity to the Barnett Formation (Figure 1).
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Figure 1 A. Compearing ternary diagram showing the average mineral content in the some formations in
USA and V-23(Rudov beds) [Mews, 2019].B. Compearing diagrams petrophysical and geochemical
parameters in the some formations in USA and V-23(Rudov beds) ) data follow (Katie, 2019)

By analyzing the available data and comparing it with global analogs, we can draw a preliminary
conclusion regarding the unconventional shale's prospectivity for hydrocarbon potential within our
formation. By juxtaposing our findings with analogous unconventional shale formations worldwide,
we can make a preliminary assessment of the hydrocarbon prospectivity of our specific formation.
This comparative approach enables us to identify commonalities and discrepancies in terms of key
parameters such as organic matter content, porosity, permeability, mineralogical composition, and
thermal maturity.
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Conclusions

Our initial analysis suggests that V-23 exhibits several characteristics similar to prolific
unconventional shale plays in other regions. These similarities include the presence of organic-rich
intervals, suitable mineralogical constituents, and reservoir properties conducive to hydrocarbon
production. However, it is essential to emphasize that prospectivity is a multifaceted concept, and
several factors, such as local geological conditions, technological advancements, and economic
considerations, also play a crucial role in determining the commercial viability of hydrocarbon
extraction. Therefore, while our preliminary findings are promising, further detailed analysis and
modeling are necessary to confirm the true potential of our unconventional shale formation as a
hydrocarbon reservoir. In conclusion, our data-driven comparative analysis with global analogs
provides early indications of the prospectivity of our unconventional shale formation for hydrocarbon
resources. Future research and exploration efforts will continue to refine our understanding and
assessment of this resource, ultimately contributing to the broader knowledge of unconventional
reservoirs in our region.
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