Journal of

Marine Science
and Engineering

Editorial

High-Efficient Exploration and Development of Oil & Gas

from Ocean

Mianmo Meng 2%, Wenming Ji 3* and Guodong Cui **

check for
updates

Citation: Meng, M; Ji, W.; Cui, G.
High-Efficient Exploration and
Development of Oil & Gas from
Ocean. J. Mar. Sci. Eng. 2024, 12, 1930.
https:/ /doi.org/10.3390/jmse12111930

Received: 17 October 2024
Accepted: 20 October 2024
Published: 28 October 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Hubei Key Laboratory of Marine Geological Resources, China University of Geosciences,

Wuhan 430074, China

College of Marine Science and Technology, China University of Geosciences, Wuhan 430074, China
School of Geosciences, China University of Petroleum (East China), Qingdao 266580, China
Faculty of Engineering, China University of Geosciences, Wuhan 430074, China

Correspondence: mengmianmo@cug.edu.cn (M.M.); jiwenming@upc.edu.cn (W.].);
cuiguodong@cug.edu.cn (G.C.)

W N

The ocean takes up 71% of the Earth’s surface, and hosts abundant resources, such as
oil/gas. At present, oil/gas exploitation from the strata under the ocean is still a challenge,
especially in unconventional reservoirs. Unconventional types of oil/gas mainly include
shale o0il/gas, tight sandstone oil/gas, coalbed gas, and gas hydrate.

This Special Issue focuses on the highly efficient exploration and development of oil
and gas, especially in relation to unconventional oil/gas resources. At present, there are still
some critical problems in the exploration and development of unconventional oil and gas.
Firstly, the selection of sweet points from geological perspectives is still challenging [1-3].
The use of geophysical data (wireline logs and seismic data) to identify the most favorable
layers remains controversial. Secondly, prospecting well can allow for the direct recovery
of the sample from the target layers, as well as determining detailed information about
fluid and reservoir benefits to select the best layer for development [4]. Evaluating the
hydrocarbon occurrence is also problematic, especially when investigating the movability
in in situ conditions [5]. Lastly, hydraulic fracturing is a basic and widely used method to
develop most types of unconventional oil/gas. However, there remain unsolved problems
with generating the ideal fracture network due to the complex natural cracks and artificial
fractures [6]. As for unconventional offshore o0il/gas, such as gas hydrate, their highly
efficient development is still challenging and attracts extensive attention. Our Special Issue
concentrates on the aforementioned problems, obtaining some interesting conclusions. The
main contributions of each article are presented below.

Contribution 1 focused on the organic matter (OM) accumulation mechanism of the
Taiyuan and Shanxi Formations, which formed in a marine—continental transitional envi-
ronment. This research pointed out that the main controlling factors for OM accumulation
are redox conditions, paleoproductivity, and sedimentary rate.

Contribution 2 investigated the natural fracture properties of the Lower Jurassic shale
oil reservoir in the Sichuan Basin. Natural fracture plays a significant role in shale oil
migration, which is a high-throughput flow channel. It was found that the permeability
sensitivity of natural fracture is obviously different among fractures with different widths.

Contribution 3 studied the influence of gravel size on the mechanical properties of con-
glomerate reservoirs. The samples were selected from the Triassic Baikouquan Formation
in Mahu sag, Junggar Basin. With a low gravel content, the cracks are mainly controlled by
stress, while a high gravel content makes the fractures more complex and discrete.

Furthermore, Contribution 4 focused on the reservoir characterization, depositional
evolution, and sequence stratigraphy of the Cretaceous Mishrif Formation in South Iraq,
which is located in the Mesopotamian Basin. In this formation, several facies were identified,
such as deep marine, shallow marine, rudist bioherm, shoal, and lagoon. The development
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of the Mishrif Formation was controlled by intrashelf basinal deposits, clinoform-like
shoals, and tidal channels.

Contribution 5 investigated the influence of quartz on the preservation and abundance
of the organic pores of marine shale reservoirs in the Cambrian Shuijingtuo Formation,
South China. It was found that early euhedral quartz benefits the preservation of organic
matter (OM)-hosted pores, and late microquartz is detrimental to the organic pores.

Contribution 6 monitored oil recovery during the process of heavy water displacing
the sample with saturated oil. It indicated that a high-pore-volume displacement can
increase the oil recovery comprehensively. The porosity at the front end increases, while
that one at the other end decreases, which is caused by particle migration.

Moreover, Contribution 7 focused on the effect of shale composition on the pore
structure of marine shale. It indicated that the pore structure has a good relationship with
clay minerals and organic matter. Quartz is a rigid skeleton, which is prone to retaining
pores, but its influence is complicated because quartz has various origins.

Contribution 8 investigated the sequence stratigraphy of marine shale in the Sichuan
Basin, which aims to analyze the sedimentary fill history. It showed that deglaciation and
tectonic events lead to the special characteristic of the sequence stratigraphy of the deep
Longmaxi Formation. It also indicated that the regional subsidence of the Weiyuan and
Luzhou areas may lead to shale gas accumulation.

Contribution 9 appraised the properties of shale oil reservoirs in Bohaiwan Basin,
which is located in the Zhanhua and Dongying Sags. Multiple methods were combined to
conduct this research, which indicated that these types of reservoirs have the potential to
hold vast volumes of shale oil.

Contribution 10 focused on a de-noising method for hydrocarbon exploration. Us-
ing symplectic geometry mode decomposition (SGMD) can greatly improve the signal,
obtaining high-quality data. Organic matter has a positive relationship with pore struc-
ture complexity.

Contribution 11 examined the pore structure of marine shale reservoirs, mainly focus-
ing on their heterogeneity and complexity. Deep siliceous marine shale has a complex pore
structure, which is more complex than that of shallow marine shale.

Contribution 12 proposed a method to evaluate the permeability in porous samples.
Usually, the permeability can be obtained using the three-dimensional reconstruction of
multiple pictures. However, the two-dimensional picture can also be used to obtain the
sample permeability, with good results.

Contribution 13 focused on the hydrocarbon generation characteristics and potential
of marine carbonates in the Odovician Majiagou Formation, Ordos Basin. Its tested samples
were selected from Nordic carbonates, which were similar to the target formation. The main
experiment was a gold tube thermal simulation, which showed that when the temperature
is 600 °C, it still produces methane. Hydrocarbon production is mainly related to the type
of organic matter.

Contribution 14 clarified the pore structure of shale in the Upper Permian Longtan
Formation, western Guizhou province, South China. Both scanning electron microscopy
(SEM) and nitrogen adsorption (NA) were used as testing methods. This study indicated
that OM-hosted pores are irregular polygonal variants, bubble-like, and elliptical, while
the number of organic pores is lower.

Contribution 15 investigated the organic matter (OM) accumulation of the Cambrian
Qiongzhusi Formation, which is located in Yangtze Platform in South China. It was
suggested that a redox environment of high-quality source sediment and a lack of upwelling
are good conditions for OM accumulation in the Qiongzhusi Formation.

Contribution 16 clarified the controlling factors for the poor shale gas in the Longmaxi
and Niutitang Formations in northwestern Hunan. The factor accounting for the Lower
Silurian Longmaxi Formation is that the evolution time of hydrocarbon generation is
too short. On the other hand, the factor accounting for the Lower Cambrian Niutitang
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Formation is that organic matter endures excessive evolution at a deep paleo-burial depth,
which makes the organic matter approach graphite.

Contribution 17 researched the pore structure of the Jurassic Ziliujing Formation
in the lower Sichuan Basin. The shales can be divided into argillaceous, mixed, and
carbonate shales. The average pore size of carbonate shale is higher than that of mixed
and argillaceous shale. Pores between clay mineral platelets have a great contribution
to nanopores that are less than 30 nm in size, indicating that the organic matter has less
influence on the pore complexity.

Contribution 18 investigated the organic matter enrichment and sedimentary environ-
ment of the Cambrian Shuijingtou Formation, South China, which was divided into three
intervals. Interval I has a high TOC content, Interval Il has a moderate TOC content, and In-
terval III has a low TOC content. Comparing all three intervals, Interval III is characterized
by a lower paleoproductivity and poor preservation conditions.

Contribution 19 points out the disadvantages of existing tri-linear analytical solutions
in predicting production because the uncertainty can be caused by numerical inversion
and the Laplace transform. A new general analytical solution can solve this problem by
combining the average pressure substitution and integral transform.

For further research about the highly efficient development of unconventional oil/gas,
we suggest that more attention should be paid to the pore structure characterization, oil
occurrence and mobility, artificial and natural fracture complexity, and so on.
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