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Abstract

Qaidam Basin lying in the north of Qinghai-Tibet plateau is one of the three
major petroliferous basins of western China which is rich in oil and gas resources.
Carboniferous, Qaidam Basin is a new field of oil and gas resource strategy, research on
unconventional oil and gas reservoir characteristics of which has important significance
for theory and reality. In this study, natural fracture and nanopore characteristics of
carboniferous shale in the eastern Qaidam are studied based on field geological survey
and test, combined with the rock matrix composition test results, the rock structure is
analyzed too; the breakthrough pressure and adsorption characteristics of shale are tested
by using the experiment, then shale reservoir characteristics are evaluated preliminarily.
Solutions and conclusions presented in this research can be summarized as follows:

(1) Natural fracture of carboniferous shale in the eastern Qaidam are measured,
the number of fractures measured is 381. The morphology of fracture including length,
opening, occurrence and filling degree are analyzed, and the 3D fracture network model
are simulated; the causes and types of fracture in shale and the impact of fractures on
shale gas reservoir are discussed. The results show that fracture trace of research area
are relatively flat, and the opening degree is small, most of which are not filled. NE-SW
and NW-SE are the main direction of fracture development, and most of the fractures
are high dip. The types of fractures in the research area shale are mainly tectonic shear,
also existing tectonic tension fracture, diagenetic shrinkage fracture, abnormal pressure
fracture during organic matter evolution. Nature fractures of research area shale are
favour of shale gas accumulation and fracturing reconstruction.

(2) The microstructure of the carboniferous shale in the eastern Qaidam, are
characterized using secondary electron imaging capability of a Field Emission scanning

electron microscope (FE-SEM) combined with scanning electron microscopy (SEM) and



slice image results. The results show that :there are four major types of microstructure in
the study: intergranular pores, intercrystalline pores, and organic matter pores. The size of
the micropores varies from 6—-633 nm, the majority of which is between 39—200 nm, with
a relatively small number of micro-scale pores ranging from 0.13—1 um. Microfracture
can be divided into 3 types including tectonic fracture dissolution fracture, bedding
fracture, the number of the which is more. The results show that carboniferous shale has
good reservoir characteristics.

(3) Breakthrough-pressure (methane-gas breakthrough pressure of dry shale, the
methane-gas breakthrough pressure of water-saturated shale) tests were conducted on
shales from the Carboniferous Hurleg Formation in the eastern Qaidam Basin using cap-
rock breakthrough-pressure test device, the main influence factors of breakthrough-
pressure are analyzed. From the breakthrough-pressure experiments, we found that there
are three stages during the gas breakthrough for the water-saturated shale sample. The
first stage involves displacement in the large pore channels with excellent connectivity.
The second stage involves the displacement of residual water and re-adsorbed water, for
which the capillary resistance of the largest connected pores is the primary obstacle. The
third stage is the capillary-sealing stage. In conclusion, permeability, mineral composition
of shale has great influence on the breakthrough pressure, the permeability of shale is
high, and the breakthrough pressure is low. Micro-fractures formed in the brittle minerals,
such as quartz, provide a significant path for shale gas breakthrough. The expansion of
clay minerals in the presence of water significantly increases the breakthrough pressure of
a shale sample.

(4) Methane adsorption tests were conducted on shales from the Carboniferous
Hurleg Formation in the eastern Qaidam Basin by using an adsorption and desorption
device. Then, the effects of the shale compositions and pore structures on the adsorption
were studied. From the adsorption experiments we found that the adsorption isotherm of
Carboniferous Hurleg Formation shale from the Qaidam Basin exhibits the characteristics

of supercritical gas adsorption. The L-F supercritical adsorption model can be used to



describe the methane-gas adsorption behavior. This study revealed that the pore-structure
characteristics and the composition of Carboniferous Hurleg Formation shale from the
eastern Qaidam Basin have a significant influence on the reservoir capacity of the shale.
For these shale samples the organic carbon content was part of factors controlling the
adsorption capacity, the clay minerals exerted only a limited effect on the adsorption
capacity. The specific surface area of micropores is the major indicator in determining
the adsorption capacity of shale. The micropores and the mesopores in the organic matter
are important spaces for methane adsorption. The clay minerals offer limited methane-
adsorption capacity.

Keywords: Qaidam Basin, Carboniferous shale, Natural fracture, Breakthrough-

pressure, nanopore characteristics, Methane adsorption.
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