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Abstract: In order to figure out the hydrocarbon accumulation conditions
of Permian volcaniclastic gas reservoirs in the western Sichuan
Basin, we analyzed the hydrocarbon accumulation characteristics
of volcaniclastic gas reservoirs in this area in terms of reservoir,
gas source, play and trap. It is indicated that the favorable
conditions for the hydrocarbon accumulation of volcaniclastic
gas reservoirs in the Jianyang area in the western Sichuan Basin
are as follows. First, in the Well Yongtan 1, vocaniclastic lava of
effusive facies is dominant, and superimposed with late
alteration and dissolution, pore-type reservoirs with devitrified
dissolution micropores as the main reservoir space are
developed. Second, geochemical analysis and comparison on
natural gas reveal that the gas of the volcanic gas reservoirs in
the Well Yongtan 1 is mainly derived from the Qiongzhusi
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Formation of Lower Cambrian. Cambrian quality source rocks of
great thickness are developed in Deyang-Anyue rift in the
Jianyang area and they provide sufficient gas sources for the
formation of gas reservoirs. Third, volcaniclastic reservoirs and
Cambrian source rocks constitute a proximal high-efficiency
source-reservoir assemblage with reservoir in the upper part and
source rock in the lower part, hydrocarbon source faults
communicate source rocks with reservoirs effectively, and the
direct caprock of Longtan Formation mudstone of Upper
Permian and the regional caprock of Triassic gypsum rock are
developed. Thus, a good assemblage of source, reservoir and
caprock is formed. Fourth, tectonic-lithologic (stratigraphic)
composite traps are developed in Chengdu-Jianyang area and
their favorable gas bearing area is preliminarily confirmed to be
1 300 km, presenting a great exploration potential of natural
gas. In conclusion, the volcaniclastic gas reservoirs in western
Sichuan Basin are much different from Zhougongshan basalt gas
reservoir in southwestern Sichuan Basin in terms of hydrocarbon
accumulation conditions. It is predicted that the distribution area
of vocaniclastic rocks in the Zhongjiang-Santai area is over 4 000
km, and their hydrocarbon accumulation conditions of volcanic
gas reservoirs are similar to those in the Jianyang area, so this is
a favorable area for exploration breakthrough in the next stage.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the risk assessment of drilling site operation, the relevance
between monitored data and actual on-site operation is not
strong. In view of this, the structural equation model (SEM)
integrated with the Monte Carlo Method (MC) was applied as a
new methodology to evaluate the on-drilling-site operation
risks. First, risk factors were constituted and their relevance and
weights were obtained by the SEM, then the key risk factors
were determined. Then, the analog values of potential data were
got based upon data distribution. Finally, risk degrees were
obtained in combination with SEM risk consequence weights
and accident consequence degree risk degrees identified from
the on-site operation, and were applied in the judgment of risk
levels. This methodology was applied in a case study of a well in
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a gas field, Sichuan Basin. The following findings were achieved.
(1) Compared with the other methods, this new methodology
determined the relevance of various factors and disadvantages
of each factor weight, providing a new approach for the on-site
operation risk assessment. (2) The factors of operation behaviors
and environmental considerat ion had little impact on the
drilling risks but the man - agement factor was the most
influential factor. (3) The two key factors of non-conformity and
general equipment defects were determined and their
correlation coefficient was 0.57. (4) A series of required sample
data was obtained according to the distribution characteristic of
each risk variable and probability distribution of drilling risks was
thus achieved, which made the assessment results more
consistent with the actual situation. In conclusion, this new
methodology provides not only a better way to apply the
monitored on-site data to evaluate the drilling risk levels, but a
reference for risk management i n drilling sites.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Due to the uneven distribution of pore size in coal and its wide
distribution range, it is difficult to effectively characterize the
multi-scale pore structure of coal by a single method. In this
paper, the multi-scale pore structure characteristics of coal were
analyzed comprehensively by using scanning electron
microscope, low-temperature liquid nitrogen adsorption, high-
pressure mercury intrusion and constant-rate mercury intrusion.
In addition, the effects of metamorphism on the volume and
specific surface area of pores in coal were revealed, and the
relationships between coal rock permeability and pore structure
characteristic parameters were described. And the following
research results were obtained. First, with the increase of coal
metamorphism, the volume and specific surface area of
nanopores in coal decrease first and then increase, and they
reach the minimum value when Ro, max is about 1.8%. Second,
the pore and throat radii of coal samples are overall in the form
of normal distribution. And with the increase of coal
metamorphism, the pore radius corresponding to the maximum
distribution frequency increases. Third, the samples of low-rank
bituminous coal are the highest in throat radius distribution
range, connected throat radius and average throat radius.
Fourth, the samples of anthracite coal are the lowest in throat
radius distribution range and connected throat radius. Fifth,
there is a single main peak in the distribution of pore throat
ratios of low- and medium- rank bituminous coal samples, and
the pore throat ratios corresponding to the main peak is
relatively low. Sixth, the permeability of coal is in a positive
correlation with porosity and an average throat radius, and in a
negative correlation with an average pore throat ratio, but in no
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obvious correlation with an average pore radius.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Digital image of pipeline weld is an important basis for the
reliability management of pipeline welds. However, the error
rate of artificial discrimination is high. In order to increase the
defect identification accuracy ofdigital image of pipeline weld,
we adopted several methods (e.g. multiple edge detection,
detection channel and threshold segmentation) to carry out
image processing on the image defects of pipeline welds. Then,
a defect characteristic database on the digital images of pipeline
welds was constructed, including grayscale difference,
equivalent area (S/C), circularity, entropy, correlation and other
parameters. Furthermore, a multi-classifier construction (SVM)
model was established. Thus, the classification and evaluation on
the defects in the digital images of pipeline welds were realized.
Finally, an automatic defect identification software fordigital
image of pipeline weld was developed and verified on site. And
the following research results were obtained. First, after image
processing, the edge detection results obtained by Canny and
other algorithms are satisfactory when there is no noise. In the
case of noise, however, pseudo-edge emerges in the detection
results. In this case, the automatic threshold selection method
shall be adopted to detect the image edge to obtain the rational
threshold. Second, there are 14 parameters in the defect
characteristic database, including shape characteristic,
lamination characteristic and image length pixel. Third, by virtue
of the SVM classification model, the shape characteristics of
each type of defect can be clarified, and the defect
characteristics can be identified, such as crack, slag inclusion, air
hole, incomplete penetration, non-fusion and strip. Based on
field application, the following results were obtained. First, this
automatic defect identification technology is applicable to
quality identification and evaluation of various defects in
pipeline welds. Second, its identification accuracy is higher than
90%. Third, by virtue of this technology, automatic defect
identification and evaluation of digital image of pipeline weld is
realized. In conclusion, these research results help to ensure the
safe operation of pipelines.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The Chongqing Natural Gas Purification Plant of PetroChina
Southwest Oil & Gasfield Company will build a natural gas
purification base of China as its developing strategic goal. To
clarify the basic framework and work approaches and promote
the construction process, based upon all the related data and
information in this plant since 2008, we made clear the intension
of base construction, six structural elements including
technologies, services, pilot tests & technology popularization,
technical training, skill appraisal, and culture system, according
to which the corresponding six sub-bases were thus classified. In
light of the present status, we put forward the following
implementation proposals. (1) To build a base is not only a self-
positioning and strategic objective, but a challenge and an
opportunity for the plant. (2) Relevant standards, regulations
and norms should be continuously compiled and promulgated
to accumulate experiences for the standardized management of
the plant and the standardized construction of new plants. (3)
Technical and skilled talents should be constantly trained to
strive for frontier leads and technological innovation, and in the
state advocates of the integration of information and
industrialization and "Made in China 2025", an intelligent
purification plant should be constructed. (4) The overall
inspection and maintenance service level should be enhanced to
strengthen both soft and hard power of the training base. (5)
The goal of "Factory Standardization, Talents Elite and Business
Specialization" should be a driven force to achieve the great-
leap-forward development and construction of a real
purification base in China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Hydrophilic amino acid, as a new kind of hydrate inhibitor, is the
hot spot of domestic and foreign relevant studies. At present,
however, its intrinsic mechanism influencing the formation of
hydrate is not figured out, and the understandings on its
synergistic inhibition mechanism with other kinetic hydrate
inhibitors (KHIs) are still controversial. In this paper, the
influence laws of glycine, L-arginine and its combination with
polyvinylpyrrolidone (PVP) on the formation of hydrate were
clarified by experimentally simulating the formation of
tetrahydrofuran (THF) hydrate, and the intrinsic mechanism was
revealed by virtue of various experimental methods. And the
following research results were obtained. First, glycine has such
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a strong disturbance action on water molecules that it has
stronger inhibition on the formation of hydrate. And when its
dosage is 1.0%, its inhibition effect is the best. Second, L-
arginine has a stronger binding action on water molecules, so it
has stronger inhibition on the formation of hydrate. And in the
range of lower dosages, its inhibition on the formation of
hydrate increases gradually with the increase of its dosage.
Third, the combination of hydrophilic amino acid and PVP has
synergistic inhibition on the formation of hydrate. And the
synergistic inhibition ability of combined glycine and PVP K90 is
stronger when the total dosage of inhibitors is 1.0%. In
conclusion, the research results provide experimental data and a
theoretical basis for the research and development of new
hydrate inhibitors.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

28

Main heading: Hydration

Controlled terms: Amino acids  -  Arginine  -  Hydrates  -  Hydrophilicity  -
 Mechanisms  -  Molecules  -  Organic solvents  -  Positive ions

Uncontrolled
terms:

Experimental methods  -  Hydrate inhibitors  -  Kinetic hydrate
inhibitors  -  L-Arginine  -  Poly vinyl pyrrolidone  -  Research
and development  -  Synergistic inhibition  -  Tetrahydrofuran
hydrate

Classification
code:

601.3 Mechanisms - 804.1 Organic Compounds - 931.3 Atomic
and Molecular Physics

Numerical data
indexing:

Percentage 1.00e+00%

DOI: 10.3787/j.issn.1000-0976.2019.09.010

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

7.
Accession

number:
20194807753806

Title: On the security of natural gas supply in China

Title of
translation:

关于当前中国天然气供应安全问题的思考

Authors: He, Runmin ; Li, Sensheng ; Cao, Qiang ; Zhou, Juan

Author affiliation: Natural Gas Economic Research Institute, PetroChina
Southwest Oil & Gasfield Company, Chengdu; Sichuan; 610051,
China

PetroChina Southwest Oil & Gasfield Company, Chengdu;
Sichuan; 610051, China



2020/6/21 Print Record(s)

12/361

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 9

Issue date: September 25, 2019

Publication year: 2019

Pages: 123-131

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Number of
references:

22

Main heading: Gas supply

Controlled terms: Energy policy  -  Energy security  -  Gases  -  Natural gas  -
 Security systems

Uncontrolled
terms:

Access security  -  China  -  Common security  -  Demand-side  -
 Fishbone  -  Material safety  -  One Belt and One Road  -  Supply
security

Classification
code:

522 Gas Fuels - 525.6 Energy Policy - 914.1 Accidents and
Accident Prevention

DOI: 10.3787/j.issn.1000-0976.2019.09.016

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

8.
Accession

number:
20200408064867

Title: A risk assessment method of wellbore instability based on
the reliability theory

Title of
translation:

井壁失稳风险的可靠度理论评价方法

Authors: Chen, Yingjie ; Deng, Chuanguang ; Ma, Tianshou

Author affiliation: Exploration Division, PetroChina Southwest Oil & Gasfield
Company, Chengdu; Sichuan; 610041, China

State Key Laboratory of Oil & Gas Reservoir Geology and
Exploitation, Southwest Petroleum University, Chengdu;
Sichuan; 610500, China

Source title: Natural Gas Industry



2020/6/21 Print Record(s)

13/361

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 11

Issue date: November 25, 2019

Publication year: 2019

Pages: 97-104

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: Domestic and foreign scholars have carried out thorough studies
on wellbore stability and have established a lot of empirical
models, analytical models and numerical simulation methods.
However, the uncertainty of input parameters and its effect on
analysis result of wellbore stability are less researched and no
clear understanding is obtained. In this paper, a risk assessment
method of wellbore instability based on reliability theory was
established on the basis of mechanical analytics model of
wellbore stability, combined with First Order Second Moment
method from reliability theory. By virtue of this method, the
reliability probability of wellbore stability at different equivalent
densities of drilling fluid was analyzed, and the influence of the
uncertainty degree of parameters on the analysis result of
wellbore stability was investigated. And the following research
results were obtained. First, the distribution law of the input
parameters of wellbore stability fits for normal distribution. As
the variation coefficient increases, the uncertainty of the
sampled data increases and its influence on the analysis results
of wellbore stability get more significant. Second, as the
equivalent density of drilling fluid increases, the probability of
wellbore collapse decreases gradually and the probability of
wellbore leakage increases gradually. An appropriate safety
window can be confirmed at the intersection between reliability
curves of wellbore collapse and fracture. Third, the influence of
the uncertainty of different geological factors on the wellbore
stability is ordered as: in-situ stress > pore pressure > rock
strength. In conclusion, when wellbore stability is analyzed, it is
necessary to determine the in situ stress accurately to reduce the
influence of its uncertainty degree, so as to improve the
accuracy of wellbore stability evaluation.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The Qiulitage structural belt, Tarim Basin, presents a great
potential for hydrocarbon resources, but due to its complex
ground surface, hinterland conditions and low signal-to-noise
ratios (SNRs) of seismic data, further exploration there has been
seriously affected. To this end, on the basis of high-precision
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seismic data collection, we carried out seismic processing
technologies especially for the double complex structure of the
piedmont belt surface and ground belly, then formed a series of
imaging techniques for pre-stack depth migration under very
low SNR conditions, and finally carried out field application and
effect analysis. The results show that: (1) The quality of 3D
seismic data in the Qiulitage tectonic belt is significantly
improved with the assistance of high-precision integrated static
correction techniques, fidelity de-noising techniques under low
SNR conditions, and pre-stack depth migration processing
techniques for undulating surface. (2) It is clear that the
Cretaceous and its underlying strata are of base-involved
deformation, and slip along the top of the salt-salt or salt-mud
layers of the Miocene Jidike Fm and the Palaeocene-Oligocene
Kumglimu Group, where the ZQ and DQ structures are
developed in the upper wall of F1 Fault while fault blocks in the
lower wall of F1 Fault. (3) The ZQ ① structure and other 4 traps
are confirmed, which covers a total area of 125 km. The trap area
of the ZQ ① is 20 km with high reliability and risk exploration
value. (4) In the deployed ZQ1 wildcat well, a major
breakthrough was made in natural gas exploration in the Lower
Cretaceous Bashijiqike Fm. In conclusion, the processing
technology for double complex structure improves the accuracy
of structure interpretation with a relative error of the main target
zone being only 0.5%, which shows a good prospect of
popularization and application to similar geological conditions.
The Qiulitage structural belt has a great potential for gas
exploration with a large area of many similar structures and
traps to be explored.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The gas reservoir in the second Member of Upper Triassic
Xujiahe Fm (Xu 2 Member) is an important exploration and
development block of tight sandstone gas in the Western
Sichuan Depression of the Sichuan Basin, but its gas and water
distribution relationships are complex and its exploration and
development is more difficult. In this paper, the Xu 2 Member
gas reservoir in the Xinchang structural zone was taken as an
example in order to provide a new idea for efficient exploration
of the Xujiahe Fm gas reservoir in the Western Sichuan
Depression. The effects of SN striking faults on the hydrocarbon
accumulation and gas and water distribution in the Xu 2
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Member gas reservoir were discussed based on the chemical
characteristics of formation water, combined with the analysis on
structures, fault translocation system characteristics and single-
well production performance. And the following research results
were obtained. First, high yield and enrichment area of Xu 2
Member gas reservoir in the Xinchang structural zone mainly
presents a hydrocarbon accumulation pattern of fault-
translocation type, which is good in structure-fault-reservoir
configuration conditions and gas bearing property. Second, as
for the hydrocarbon accumulation pattern of fault-translocation
type, the factors controlling the high yield and enrichment of
gas reservoir are "high positions of ancient and modern
structures + fault translocation by connecting with the source +
gas accumulation in high-quality reservoirs", and the key to
control gas and water distribution is the spatial and temporal
configuration of structure-fault-reservoir. Third, based on the
difference of spatial and temporal configuration of structure-
fault-fluid-diagenesis-accumulation, combined with single well
production data, the hydrocarbon accumulation pattern of fault-
translocation type is divided into 3 gas and water production
characteristics, i.e., "high and stable gas production, gas and
water production simultaneously", "medium and stable gas
production, low water production" and "low gas production and
high water production". Fourth, the wells with the production
characteristics of "high and stable gas production, gas and water
production simultaneous" present the characteristic that "faults
and reservoirs are connected at structural highs", while the those
with the production characteristics of "medium and stable gas
production, low water production" present the characteristic that
"faults and reservoirs are connected at structural highs and
lows", which means that this kind of single well dominantly
produces gas at a stable production rate with a little low-salinity
formation water. Therefore, single well production can be
improved by applying horizontal well drilling, so as to realize
better economic benefits.
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Abstract: In the drilling process of horizontal section, the friction between
the drill string and the borehole wall offsets partial weight on bit
(WOB), so the WOB can be hardly transferred to the drilling bit,
resulting in the decrease of the WOB transfer efficiency. In order
to decrease the drilling friction and increase the drilling
efficiency, we developed a new type of fluidic oscillation friction
reducing tool (hereinafter "a new tool" for short) in this paper.
Its dynamics and vibration antifriction characteristics were
investigated. In addition, calculation example analysis and
laboratory test were carried out, and their results were
comparatively analyzed. And the following research results were
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obtained. First, this new tool can generate the effect of fluidic
oscillation and result in pulse pressure fluctuation, so that axial
vibration is generated on the drill string and the friction between
the drill string and the borehole wall is decreased. Second, in the
actual working conditions, the fluctuation range of the drill bit
speed increases and the occurrence possibility of the stick-slip
phenomenon on the drill string decreases as the WOB and the
rotating speed of the rotary table increase. Third, the vibration
speed obtained by the example analysis and the experimental
test presents obvious nonlinear laws, which can reflect the true
vibration characteristics of the drill string. In conclusion, the
coincidence between the example calculation and the
experimental test result verifies the rationality of the new tool's
structural design and the accuracy of the calculation result. This
new tool can decrease the drilling friction of horizontal well
effectively, and it can not only provide a technical support for
the high-efficiency drilling of oil and gas wells, but also the
theoretical reference for the development of oil and gas well
drilling tools in new conditions.
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Abstract: Significant progress in natural gas exploration in the Middle
Triassic Leikoupo Fm of the western Sichuan Basin have been
achieved by Sinopec in recent years, and the western Sichuan
gas field has become the key block for the increase of reserves
and output of Sinopec in natural gas exploration and production
in the 13th Five-Year Plan. For further understanding of the
reservoir characteristics and the controlling factors of the Middle
Triassic Leikoupo Fm reservoir in western Sichuan gas field,
reservoir characteristics and the controlling factors of reservoir
development in Shiyangchang-Jinma-Yazihe area were
investigated based on detailed observation of rock slices and
cores, utilizing porosity, permeability and intrusive mercury
analysis in combination with well logging interpretation results.
The research results show that: (1) the dolomite reservoirs of
tidal flat facies were developed in the Leikoupo Fm of this area,
which can be divided into an upper reservoir section, a lower
reservoir section and an interlayer section; (2) the upper
reservoir section is relatively simple in reservoir lithology,
reservoir space type and pore-throat assemblage, and the main
lithology is microcrystalline (crystal powder) dolomite with
mainly pore-type reservoirs, and relatively high-quality
microcrystalline dolomite reservoirs with medium porosity and
low permeability are locally developed; (3) the lithology,
reservoir space type and pore structure of the lower reservoir
section are complex and strongly anisotropic, and the reservoirs
are mainly of fracture-pore type with (extremely) low porosity
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and permeability; (4) the reservoirs are vertically anisotropic, and
different types of thin reservoirs are interbedded. The thickness
of effective reservoirs is between 30 m and 56.6 m. The total
thickness and overall physical properties of the the lower
reservoir section is superior to the upper section; (5) the
distribution of dolomite is controlled by the flat and algae flat
microfacies as well as dolomitization, which lay a lithological
foundation for reservoir development; (6) multi-stage quasi-
syngenetic dissolution controlled by high-frequency intertidal
cycles is the key factor for the development of high-quality
reservoirs; (7) hydrocarbon filling during the burial stage inhibits
the formation of scale cements, and makes the early-formed
pores better preserved.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to reveal the reasons for the differences in initial water
production characteristics of gas wells in different regions of the
East China Sea Basin and to screen favorable targets for low
permeability reservoir reconstruction, we established a
calculation method of initial production water-gas ratios at
different gas column heights by combining gas-water two-phase
capillary pressure with J function definition, power function
relative permeability model and fractional flow equation. Then
based on the experimental data of standard capillary pressure
and standard relative permeability in the gas province of the
East China Sea, an evaluation chart on initial production water-
gas ratio of the East China Sea at different gas column heights
was calculated and established. Finally, the evaluation chart was
validated by using the data of the tested or commissioned gas
wells in the gas reservoirs of the East China Sea, and the physical
property conditions suitable for reservoir reconstruction of low-
permeability gas reservoirs in the area of the East China Sea
were determined according to the evaluation chart. And the
following research results were obtained. First, the evaluation
chart established in this paper reflects that the correlation
between the parameters is similar to the actual production law
and matches well with the actual data, which verifies the
correctness and reliability of the chart establishment method
and the key parameter calculation method. Second, with the
production water-gas ratio less than 1 m/10m as the screening
condition, for the permeability of the low permeability gas
reservoirs (with gas column height of about 50 m) in the west
subsag, the central uplift belt and the periphery suitable for
reservoir reconstruction shall be greater than 0.65 mD, and that
of the large low permeability gas reservoirs (with a gas column
height of more than 100 m) in the north of central uplift belt
shall be greater than 0.26 mD. Third, there is no gas-water
contact in gas reservoirs under the hydrocarbon accumulation
conditions of in-situ reservoirs, so the method and the
evaluation chart proposed in this paper are not applicable. It is
concluded that the method of establishing the initial water
production evaluation chart and the method of calculating the
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key parameters proposed in this paper can provide meaningful
reference for the development and evaluation of other gas fields
in China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: There are huge shale gas resources in the deep reservoirs of
southern Sichuan Basin, but due to their great burial depth and
complex structures, the main technology of staged stimulated
reservoir volume (SRV) suitable for the shallow shale gas
reservoirs lower than 3 500 m is not applicable to the fracturing
stimulation of deep shale gas reservoirs over 3 500 m and can
hardly generate complex fracture networks. In this paper, a set
of reservoir stimulation techniques based on horizontal well
suitable for the shale gas reservoirs in deep complex structures
were developed referring to the fracturing techniques used for
the large-scale benefit development of shale gas above 3 500 m,
combined with the structural and reservoir characteristics of
deep shale. And they were applied on site to the fracturing
stimulation of deep shale gas wells in the western Chongqing
area. And the following research results were obtained. First, by
virtue of the comprehensive natural fracture prediction
technique, the natural fracture belts are characterized precisely
and the development intensity of natural fractures is predicted
quantitatively, so as to provide a basis for the optimization of
subsequent fracturing operations. Second, among the
parameters for evaluating the fracability of shale reservoir, the
higher the brittleness index, fracture network propagation index
and gas content index, the greater the reconstruction potential
of reservoirs and the better the stimulation effect of gas wells.
Third, the adoption of large-scale prepad fluid technique,
"intense liquid injection, small number of perforations, and
proppant injection of low-concentration slug type" technique
and temporary plugging and diversion technique for improving
the complexity of fracture networks increases single-well SRV
and productivity effectively. In conclusion, the reservoir
stimulation techniques developed in this paper are suitable for
the fracturing stimulation of deep shale gas reservoirs and can
be used as reference for the fracturing operations of similar
shale gas wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

18

Main heading: Fracture

Controlled terms: Complex networks  -  Energy resources  -  Fracture mechanics  -
 Gases  -  Horizontal wells  -  Natural gas wells  -  Petroleum



2020/6/21 Print Record(s)

25/361

reservoirs  -  Reservoirs (water)  -  Shale gas  -  Well stimulation

Uncontrolled
terms:

Chongqing  -  Deep layer  -  Horizontal well fracturing  -
 Reservoir characteristic  -  Reservoir stimulations  -  Sichuan
Basin  -  Stimulated reservoir volumes  -  Stimulation techniques

Classification
code:

441.2 Reservoirs - 512.1.1 Oil Fields - 512.2.1 Natural Gas Fields -
522 Gas Fuels - 525.1 Energy Resources and Renewable Energy
Issues - 722 Computer Systems and Equipment - 931.1
Mechanics - 951 Materials Science

Numerical data
indexing:

Size 3.50e+03m

DOI: 10.3787/j.issn.1000-0976.2019.10.008

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

15.
Accession

number:
20193907482180

Title: Optimization technology for the plunger seal pair in
fracturing pumps: Development and prospect

Title of
translation:

压裂泵柱塞密封副优化技术的发展与展望

Authors: Wang, Guorong ; Liao, Daisheng ; He, Xia ; Zhong, Lin ; Li,
Mengyuan ; Wei, Gang

Author affiliation: School of Mechanical Engineering, Southwest Petroleum
University, Chengdu; Sichuan; 610500, China

Institute of Energy Equipment, Southwest Petroleum University,
Chengdu; Sichuan; 610500, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 7

Issue date: July 25, 2019

Publication year: 2019

Pages: 73-80

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: In order to break the bottleneck of the optimization technology
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for the plunger seal pair in fracturing pumps, further improve
the working performance of fracturing equipment and realize
the increase of oil and gas production, we reviewed the research
status on the failure of the plunger seal pair in fracturing pumps
and summarized the existing optimization technologies for the
plunger seal pair in fracturing pumps based on the actual
working conditions and sealing mechanisms of fracturing pump
plunger sealing system. On this basis, combined with the latest
research achievements in the related fields (such as tribology
and materials science), some suggestions and prospects on the
future development of the optimization technology for the
plunger seal pair in fracturing pumps in China were proposed.
And the following research results were obtained. First, it has
been proved that the surface texture technology can
significantly reduce the friction and wear of plunger seal pair,
and it is suggested to actively design and perform the full-size
textured plunger sealing system test under the actual working
condition of fracturing pumps so as to promote the application
process of surface textured plunger. Second, in view of the short
plank in the performance of rubber seal and the working
requirements of fracturing pump plunger sealing system, it is in
an urgent need to adopt the material modification technology
to further enhance the comprehensive performance of sealing
rubber. Third, the synergistic effect of surface texture
technology, surface coating technology and material
modification technology in anti-friction and anti-wear
determines the feasibility and necessity of combining them into
a new optimization technology for the plunger seal pair in
fracturing pumps. And in the future, the practical application of
this composite technology under the working conditions of
fracturing pump shall be solved as soon as possible. It is
concluded that the exploration and development status of oil
and gas resources in China puts forward higher requirements for
the working performance of fracturing equipment, and the
plunger seal pair in fracturing pumps shall be optimized based
on its own reality by learning from, digesting, absorbing and re-
innovating the relevant theories and methods in the multi-
disciplinary field, so as to form a new optimization technology
for the plunger seal pair in fracturing pumps, which is in line
with the actual situations in China.
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Abstract: The manufactured gases containing such impurities as
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naphthalene particles had been long used as urban gas, but they
have been recently replaced by natural gas. The deposited
naphthalene particles migrating along with the current gas flow
will inevitably result in pipe blockage or damage to devices. In
order to study the migration law of the deposited naphthalene
particles in gas line pipes, we took the urban gas pipeline in
Kunming as an example, adopted the RSM turbulence model
and the DPM model of the Fluent software to simulate and
analyze the migration law of the deposited naphthalene particles
in horizontal straight pipes, horizontal bend pipes and tee pipes.
And the influence of the deposited naphthalene particle size,
inlet velocity, temperature and pressure on the migration of
deposited naphthalene particles under different pipe diameters,
curvature ratios and pipe diameter ratios were analyzed
respectively. The results show that: (1) The migration rates of
deposited naphthalene particles in the above three types of
pipes are negatively correlated with the size of the deposited
naphthalene particles, and are positively correlated with
pressure and inlet velocity; (2) With the increase of temperature,
the migration rate of naphthalene particles in the above three
types of pipes decreases first and then increases; (3) The
migration rate of naphthalene particles deposited in gas line
pipes is most affected by the inlet velocity of gas flow, then by
temperature and least by pressure. (4) The migration rate of
naphthalene particles is positively correlated with the ratio of
horizontal straight pipe diameter and tee pipe diameter, and
negatively correlated with the ratio of horizontal bend pipe
diameter. In conclusion, this study is of great significance in
guaranteeing the safe operation of urban gas transportation and
distribution system.
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Abstract: An electric-driven reciprocating compressor set is the main
energy-consuming equipment of a natural gas filling station,
and the efficiency of a compressor set is one of the key
indicators in reasonably characterizing and scientifically
evaluating the energy efficiency level of the gas filling station. As
the general compressor set efficiency tests and calculation
methods for a natural gas processing and transportation system
is only applicable to the working conditions with constant
compressor outlet pressure, but not to the working conditions of
a gas filling station with real-time changes in compressor outlet
pressure and temperature. In this regard, this paper developed a
new method for calculating the compressor set efficiency at a
natural gas filling station. According to the theory of
thermodynamics, the total effective output energy of a
compressor set is calculated using the enthalpy potential
method, and the average efficiency of a compressor set at a gas
filling station is calculated based on the ratio of total effective
output energy to energy consumption of the compressor set.
Then, this method was applied to a compressor set of a gas
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filling station for field testing and calculation verification. And
the following research results were obtained. First, the traditional
theoretical method for calculating the efficiency of a compressor
set at a gas filling station is relative accurate, but it is of poor
operability and can be hardly operated during field testing.
Second, the new method for calculating the average efficiency of
a compressor set at a gas filling station is advantageous with
fewer test parameters, simple calculation process and strong
operability, and it is more suitable for field testing and
engineering application. In conclusion, the relevant departments
can apply this method to calculate and evaluate the energy
efficiency level of a compressor set at a gas filling station. The
research results provide a theoretical basis and technical support
for formulating the efficiency improvement scheme of a gas
filling station so as to accelerate the energy saving and
consumption reduction work of gas filling stations.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In recent years, deep marine carbonate gas reservoirs has
become an important field in increasing conventional gas
reserves and production in the Sichuan Basin. Due to complex
hydrocarbon accumulation conditions, great burial depth and
complicate gas-water relation, however, this type of gas
reservoirs faces huge challenges to realize efficient
development. In this paper, the development history of deep
marine carbonate gas reservoirs in the Sichuan Basin was
analyzed. Then, based on such development characteristics and
practices, special technologies were summarized. Finally, the
research direction for the coming years was pointed out. And
the following research results were obtained. First, the reserves
of the deep marine carbonate gas reservoirs in the Sichuan Basin
vary greatly in scales and types. The reservoirs are of poor
quality and strong heterogeneity with active edge and bottom
water. The raw gas generally contains acidic gas. What's more,
most development wells are located in mountainous areas, and
drilled formations are complicated in vertical distribution.
Second, special technologies have been formed in the Sichuan
Basin, including the fine description technology for strong-
heterogeneity gas reservoirs in deep low-gentle structures, the
optimized water control technology for the water-bearing gas
reservoirs with developed small-scale fractures and vugs, drilling,
completion and stimulation engineering technologies for deep
complicated gas wells, and the support technology for clean and
safe development of sulfur-bearing gas reservoirs, so as to
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provide support for the efficient productivity construction and
optimized development of giant marine carbonate reservoirs in
the Sichuan Basin. Third, as the development of the carbonate
gas reservoirs in the Sichuan Basin begins to convert into the
gas reservoirs in ultra-deep complex structures, the next
direction of technological research is the fine structure
description and thin reservoir prediction technique, across-scale
numerical simulation technique, drilling and completion and gas
production engineering technique for deep marine carbonate
gas reservoirs. It is concluded that these special technologies for
the efficient development of deep marine carbonate gas
reservoirs provides powerful support for the PetroChina
Southwest Company to build up giant gas fields with the
reserves of tens of billions of cubic meters and realize the
leaping growth of gas production. The research results can
provide valuable technical reference for the development of
deep marine carbonate gas reservoirs at home and abroad.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

32

Main heading: Petroleum reservoirs

Controlled terms: Bearings (machine parts)  -  Carbonation  -  Gas engineering  -
 Gas industry  -  Gases  -  Infill drilling  -  Natural gas well
completion  -  Natural gas well production  -  Proven reserves  -
 Well stimulation

Uncontrolled
terms:

Deep  -  Engineering techniques  -  Gas reservoir  -  Gas reservoir
description  -  Marine carbonate rock  -  Sichuan Basin  -  Water
control

Classification
code:

511.1 Oil Field Production Operations - 512 Petroleum and
Related Deposits - 522 Gas Fuels - 601.2 Machine Components -
802.2 Chemical Reactions

DOI: 10.3787/j.issn.1000-0976.2019.09.006

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

19.
Accession

number:
20193607404665

Title: A characteristic analysis between acidolysis gas and absorbed
gas and its application to gas-source correlation in Mao 1
Member, Fuling area, Sichuan Basin

Authors: Yao, Wei ; Xu, Jin ; Xia, Wenqian ; Wang, Qiang ; Rao, Dan ; Chen,
Qianglu

Author affiliation: Wuxi Research Institute of Petroleum Geology, Sinopec
Exploration & Production Research Institute, Wuxi; Jiangsu;
214126, China



2020/6/21 Print Record(s)

33/361

Sinopec Exploration Company, Chengdu; Sichuan; 610041,
China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 6

Issue date: June 25, 2019

Publication year: 2019

Pages: 45-50

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: The acidolysis gas in source rocks is the desorbed hydrocarbon
gas in non-connected pores and carbonate crystal lattice, while
the absorbed gas lies in the connected pores and is absorbed by
surface. It is controversial about whether to use absorbed gas or
acidolysis gas in gassource correlation. Using the absorbed gas
and acidolysis gas in the first member of the Middle Permian
Maokou Fm (hereinafter referred to as Mao 1 member) of Fuling
area in the Sichuan Basin, the differences of components and
carbon isotopes between absorbed gas and acidolysis gas and
their applicable conditions in gas-source correlation were
discussed. The results show that: (1) there are larger differences
of components and isotopes between absorbed gas and
acidolysis gas. The absorbed gas has more heavy hydrocarbons
and heavier carbon isotope. This difference can be attributed to
the easier diffusion of methane and light hydrocarbons in
absorbed gas, leading to relatively enriched heavy hydrocarbons
and heavier carbon isotope in absorbed gas; (2) acidolysis gas is
a mixture of hydrocarbon gas formed during different stages,
while absorbed gas is the result of equilibrium between diffusion
and supply of hydrocarbon gas, which can result in the
differences on carbon isotope sequences between them; (3) the
characteristics of natural gas produced after acid fracturing in
the Mao 1 member in Fuling area resembles those of acidolysis
gas in source rocks, while the characteristics of natural gas
produced without acid fracturing are more similar to those of
adsorbed gas; (4) the natural gas pool of the Mao 1 member is a
carbonate gas pool with self-generation and self-storage. It is
concluded that for the gas pool formed after migration, its
producing pays have not been processed by acid fracturing, the
produced gas should be correlated with the adsorbed gas in
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source rocks; for the carbonate gas pool with self-generation
and self-storage, acid fracturing is usually needed, and the
produced gas should be correlated with the acidolysis gas in
source rocks.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The unconnected gas-bearing pores in shale gas reservoirs may
be transformed into "potential recoverable pores" after large-
scale hydraulic fracturing. However, the mainstream pore
classification methods of shale gas reservoirs, do not take the
unconnected pores into account, which impacts the evaluation
accuracy of reservoir pore effectiveness. To solve this problem,
this paper took the shale of Lower Silurian Longmaxi Formation
in the southern Sichuan Basin as the research object to carry out
experiments on core porosity, centrifugal + gradual drying NMR
after saturated with brine and NMR freeze-thaw using plunger
samples and fragmented samples to analyze the volume, main
development location and main pore size distribution range of
unconnected pores. Then, the pore systems were classified, and
the lower limit of effective pore size of connected gas-bearing
pores was determined. Finally, the total pore effectiveness of
shale gas reservoirs was evaluated, and the influence of
unconnected pores on the development of shale gas was
discussed. And the following research results were obtained.
First, there are a large number of unconnected pores in the shale
gas reservoirs of the study area, accounting for 30.23%. Most of
them are mainly developed in organic matters and a few are
developed in clay minerals. The distribution of pore size ranges
from 5 nm to 30 nm. Second, T2 cut-off value of clay bound
water in the shale gas reservoirs of the study area is 0.26 ms,
whose corresponding pore size is 5.35 nm, which is the lower
limit of the effective pore size. Third, large-scale hydraulic
fracturing can improve the unconnected pores with the size
more than 5.35 nm, so effective development of shale gas will be
realized. Fourth, after hydraulic fracturing stimulation, the
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unconnected pores can increase the storage space of fracturing
fluid in the matrix, absorb the fracturing fluid in the fractures,
replace the shale gas in the pores and promote the automatic
alleviation of water lock in shale gas reservoirs, so the single-well
shale gas production will be increased. In conclusion, fluid
occurrence and pore system in shale pores can be quantitatively
divided by means of centrifugal + gradual temperature drying
method combined with NMR experiments, movable water and
capillary bound water can be determined by the high speed
centrifugal + NMR experiments, and capillary bound water and
clay bound water can be determined by the gradual drying +
NMR experiments.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The key to the scale development of deep shale gas lies in a
better understanding of the main controlling factors for its
enrichment and high-yield. In this regard, the high-quality shale
of the Upper Ordovician Wufeng-Longmaxi Formations in the
Luzhou Block, southern Sichuan Basin, was taken as the research
object. Based on drilling, logging, seismic and analytical test
data of a typical core well there, an in-depth study was
conducted on the tectonic, sedimentary, and reservoir
characteristics and compressibility of shale in this study area. On
this basis, combined with production performance, the main
controlling factors of a high-yield shale gas well were discussed.
The following findings were achieved. (1) There are two sets of
type-I reservoirs with high gas saturation, high total gas content
and high brittle mineral content vertically. One is S1l11 sub-
layers with a thickness of 10-20 m, the other is S1l11 sub-layer
with a thickness of 3-10 m. (2) The thicker the type-I reservoir,
the longer the targeted horizontal sections, and the higher initial
production rate of a horizontal shale gas well. Under the same
scenario, the trial test production rate of a shale gas well in the
Luzhou Block is 10-25% higher than that in the Changning and
Weiyuan blocks. (3) The deep shelf sedimentary center controls
the distribution of high-quality shale in the Luzhou Block, and
under the setting of low deep structure and abnormally high
pressure, those well-developed high-angle natural fractures are
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good for the accumulation of free gas, and due to a high brittle
material content there, the complex fracture networks are easily
formed by fracturing, as a result, a high yield will be easily
achieved for a shale gas well in this study area. In conclusion,
high-yield and enrichment of shale gas reservoirs should be
under such favorable conditions as being located in the deep-
water shelf sedimentary center and with well-developed high-
angle natural fractures under the setting of low steep structure
and abnormally high pressure.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Water breakthrough in horizontal wells is now the main factor
restricting the stable production of the Tainan Gas Field in the
Qaidam Basin. In view of this problem, the distribution
characteristics of irreducible water saturation were investigated
by using the nuclear magnetic resonance logging interpretation
technology. And combined with the production situations of the
horizontal wells in Tainan Gas Field in the initial stage of their
production, the characteristic parameters of the reservoir which
produced the intrastratal water as soon as it was put into
production were determined. Then, the factors influencing the
production of irreducible water were studied by means of gas
drive water core experiments, and the factors influencing the
sealing ability of the interbeds were researched by conducting
mudstone breakdown tests. What's more, the effects on the
bottom hole pressure by the length of horizontal section at
different daily gas productions were investigated through
numerical simulation. Finally, the prevention & control
countermeasures for water breakthrough in horizontal wells
were proposed. And the following research results were
obtained. First, the horizontal well which drills into the reservoir
with mobile water saturation higher than 7.2% and gas
saturation lower than 63.5% produces formation water in its
initial stage of production. Second, the lower the shale content is
and the greater the production pressure difference is, the more
favorable it is for the production of irreducible water. The
production of irreducible water in the reservoirs with stronger
areal heterogeneity is a continuous process. Third, the sealing
capacity of the interbed increases with the decrease of its
vertical permeability and water saturation and with the increase
of its shale content and thickness. Fourth, the breakthrough
pressure of type I mudstone (shale content>90%) is about 4
MPa, that of type II mudstone (80%<shale content<90%) is
about 2 MPa, and that of type III mudstone (60%<shale
content<80%) is about 1.5 MPa. In conclusion, the edge water



2020/6/21 Print Record(s)

40/361

encroachment can be delayed and the water-free gas
production period of gas well can be extended by increasing the
length of horizontal section and controlling the production
pressure difference. It is recommended to carry out balanced
gas production in horizontal wells in the initial stage of
production, enhance dynamic monitoring in the process of
production, and drain the water in time in the case of water
breakthrough so as to increase its cumulative gas production.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Recently, Well Ketan 1 in the Keping area of the Tarim Basin
achieved an industrial gas flow from the diamict of Wusonggeer
Formation, Lower and Middle Cambrian, which breaks through
the "restricted zone" of diamict exploration. So far, however, the
sedimentary characteristics and oil and gas exploration potential
of the diamict in this area have not been understood clearly. In
order to promote further study on the Cambrian diamict in the
whole basin and the evaluation on oil and gas exploration
potential, this paper took the massive diamict of Shayilike-
Wusonggeer Formations, Lower and Middle Cambrian in the
Akesu outcrop next to the Keping area as the research object.
Based on the previous research results on regional structures,
sedimentary facies and reservoirs, combined with the data of
outcrop observation, thin section analysis and geochemical
analysis, the sedimentary facies of Wusonggeer-Shayilike
Formations were analyzed using a combination method of
sequence stratigraphy, petrology and sedimentation-microfacies
study. Then, the oil and gas exploration potential of the diamict
in this area was evaluated. And the following research results
were obtained. First, sedimentary environments of Lower and
Middle Cambrian in the Akesu outcrop area are mainly
evaporative platform, semi-restricted platform and neritic shelf,
including 19 diamict lithofacies, 3 carbonate lithofacies, and 2
clastic lithofacies. Besides, 5 types of microfacies assemblages
are recognized, including 4 types of reservoirs with low to
ultralow porosity and permeability. In addition, high-quality
reservoirs are developed in regional intervals. Second, the
sedimentary environments of Lower and Middle Cambrian in the
Akesu area experience a transition process from open to close
and then sallification, including 3 major sedimentary structural
layers, i.e., gentle slope of carbonate rock, restricted platform of
evaporite and diamict, and restricted platform of evaporite. And
the development mode of the diamict in the restricted platform
of evaporite and diamict is controlled by the property and the
location of provenance, the condition and the change rate of
climate, the depth and the temperature of evaporative gypsum-
salt lake water body, the paleogeomorphology of platform
basin, and the interface change rate of different levels of



2020/6/21 Print Record(s)

42/361

sequences. Third, gypsum-salt bearing dolomitic mudstone with
higher total organic content (TOC) and mudstone of tidal flat
facies, which are the potential source rocks, are developed in the
massive diamict of Lower and Middle Cambrian in the Akesu
area. And among them, the source-reservoir-caprock
assemblages of Wusonggeer-Shayilike diamict are better in
configuration, and their oil and gas exploration potential shall
not be ignored.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the Sichuan Basin, an important area of shale gas
development in China, the rate of penetration (ROP) has been
improved after constant researches and practices in recent years.
Under the effect of geological factors of complex harsh strata
(e.g. poor drillability and strong heterogeneity), however, the
improper vibration of a downhole drilling string system is violent
and serious bit damage and low ROP tend to occur easily, so the
drilling time efficiency will be seriously impacted. In order to
solve these problems, this paper took the Upper Permian
Longtan Formation-Middle Permian Maokou Formation in the
Fuling working area of the Sichuan Basin as an example. The
dynamic vibration acceleration parameters of a drilling bit-string
system were measured using the high-frequency downhole
vibration measurement tool. Then, combined with the analysis
on the lithology and the mineral component of the strata, the
causes of and countermeasures for bit failures were studied.
Finally, field experiments were carried out. And the following
research results were obtained. First, in drilling the
heterogeneous strata, the drilling bit-string system generates a
high-amplitude instantaneous shock vibration greater than 40
m/s, which is just the main reason for early bit failures. Second,
the "vibration damping + pressure boost" drilling assembly is
recommended for inhibiting the high-amplitude instantaneous
shock vibration, so are the drilling parameters for avoiding tool
resonance. Third, compared with a neighboring well, the test
well adopting the new drilling parameters is 17% lower in the
high-amplitude instantaneous shock and 24% higher in the
single-bit footage. And thus the operation environment of the
drilling bit is improved and the number of used drilling bits is
decreased. In conclusion, the research results can effectively
improve the vibration state of a drilling bit-string system and is
conducive to reaching the target of extending the service life of
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a drilling bit.
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Abstract: To clarify the effect of impact loads on the micro-nanopore
structure of anthracite coal, this paper acquired coal samples
from the coal mining face of No.2 Zhaogu coal mine of the
Jiaozuo Mining Field, Henan Province. After the samples were
prepared, the shock wave and stress wave are simulated using
the shock loading system of split Hopkinson pressure bar
(SHPB). Then, the effect of impact load on the micro-nanopore
structure of anthracite coal was discussed by carrying out impact
tests, combined with the test results of mercury injection and
low-temperature liquid nitrogen experiments on the coal
samples before and after the impact. And the following research
results were obtained. First, after impact loading, the total pore
volume, specific surface area, porosity and mercury extrusion
efficiency of anthracite coal increase in a fluctuating manner. On
the whole, the number of pores is increased and the connectivity
is improved significantly. Second, the impact loads in different
directions have different transformation effects on the coal
pores. The impact loads vertical to the bedding mainly increase
the number of micropores and macropores, those parallel to the
bedding mainly increase the number of micropores and
transition pores, and those oblique to the bedding mainly
increase the number of mesopores and macropores. Third, the
optimal impact load is different in different directions. The
optimal impact load which is vertical, parallel and oblique to the
bedding is 42.10 MPa, 20.45 MPa and 56.90 MPa, respectively. In
conclusion, the transformation effects of the impact loads on the
pores in anthracite coal are all around, but due to their different
directions from the bedding, their actual pore transformation
ranges in different directions are different.
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Abstract: The researches on the reservoir characteristics and development
laws of the fourth Member of Dengying Fm, Upper Sinian in the
northern Sichuan Basin, are mostly speculations based on the
sedimentary models of the Dengying Fm in the whole basin,
combined with regional geological setting, and no agreement
has been reached in terms of reservoir development laws and
their controlling factors. In order to provide the support for the
oil and gas exploration in the northern Sichuan Basin, we studied
the reservoir characteristics and distribution laws of the fourth
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Member of Dengying Fm using cores, conventional and casting
thin sections, physical property and mercury intrusion data, and
then we analyzed the reservoir development models of the
fourth Member of Dengying Fm and their controlling factors and
compared those in the central Sichuan Basin. And the following
research results were obtained. First, in the northern Sichuan
Basin, the types of reservoir rocks in the fourth Member of
Dengying Fm are mainly algae clotted dolomite, algae
stromatolitic dolomite, algae clastic dolomite and doloarenite,
the reservoir space is mainly acted by algae framework pores
and intragranular dissolution pores, and reservoir types include
vuggy reservoir of bioherm core facies, fractured-porous
reservoir of bioherm flat facies and porous reservoir of shallow
facies. Second, reservoirs are mainly developed in the middle
and upper parts of each submember of the fourth Member of
Dengying Fm. There is dominantly the porous reservoir of
shallow facies in the first submember, and the vuggy reservoir of
bioherm core facies and the fractured-porous reservoir of
bioherm flat facies in the second submember. Third, the
reservoirs in the fourth Member of Dengying Fm are mainly
under the control of sedimentary facies and diagenesis. The
microfacies of bioherm core, grain beach and bioherm flat are
favorable for the development of reservoirs, karstification and
recrystallization are favorable for the formation of pores, and the
karstification in the early diagenesis period is the key factor for
the large-scale increase of pores in the reservoirs of bioherm
beach facies. Fourth, the formation and evolution of the
reservoirs in the fourth Member of Dengying Fm can be divided
into 4 stages, i.e., the formation of primary pores in the
sedimentation-syngenesis-penecontemporaneous period, the
reduction of primary pores in the shallow burial period, the
large-scale formation of secondary pores in the early diagenesis
period, and the modification of secondary pores in middle-deep
burial period. Fifth, the comparison between the reservoir of the
fourth Member of Dengying Fm in the northern Sichuan Basin
and that in the central Sichuan Basin shows that they are similar
but their controlling factors are different. The former is a facies-
controlled reservoir and the latter is controlled by sedimentary
facies and karstification. In conclusion, the Langzhong-Yuanba-
Guangyuan-Hujiaba area is the most favorable area for the
reservoir development of the fourth Member of Dengying Fm in
the northern Sichuan Basin, and the Nanjiang-Bazhong area is a
relatively favorable area.
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Abstract: Stimulation of hydraulic fracturing of horizontal shale gas wells
in the Weirong Block has always been facing many difficulties
due to many factors such as complicated geological conditions,
small differences between the horizontal principal stress and the
vertical principal stress, high working pump pressures, and low



2020/6/21 Print Record(s)

49/361

sensitive sand ratios. In view of this, by combing the geological
structure, engineering geological characteristics and the
difficulties of fracturing of deep shale gas wells in the Weirong
Block, learning from the general idea of volumetric fracturing for
shale gas reservoirs at home and abroad, we determined the
main ideas and technical countermeasures for fracturing in the
area and applied them to the subsequent fracturing practices of
shale gas wells. And the following achievements were obtained.
First, the conventional fracturing technology applied to the shale
gas wells in the Weirong Block resulted in low fracture
complexity, small stimulated reservoir volume (SRV), difficulties
in guaranteeing the effectiveness of perforation clusters, low
strength of proppant adding, difficulties in obtaining higher
conductivity, poor stable production capacity after stimulation,
and difficulties in meeting the need of well fracturing with casing
deformation. Second, in view of the difficulties of fracturing
stimulation in deep shale gas wells of the Weirong Block, super
high pressure, huge displacement, large fluid volume, steering
temporary plugging in fracturing, and variable displacement
technology can effectively increase SRV and the complexity of
fractures in distant wells. The effectiveness of multi-cluster
perforation can be guaranteed by comprehensive utilization of
multi-cluster perforation optimization technology, big
displacement technology and steering temporary plugging &
fracturing technology at slots. The continuous proppant-adding
technology with large displacement, high viscosity, low sand
ratio, low density and small particle size can improve sand
adding strength and fracture conductivity. Besides, the
stimulation technology for casing deformed wells using coiled
tubing fast processing + small diameter bridge plug and
separate pumping technology of perforating gun have been
formed. Third, after the above fracturing technologies have been
applied in five shale gas horizontal wells in the Weirong Block,
the average absolute open flow(QAOF)reached 26.11×10 m/d,
indicating a good stimulation effect. In conclusion, this paper
can provide meaningful reference for the development of deep
shale gas wells of the similar type.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: There is a huge potential of natural gas resources in deep
marine carbonate gas reservoirs in the northwestern Sichuan
Basin, where the structural-lithological Middle Permian Qixia
Formation gas reservoirs in the Shuangyushi structure are
characterized by ultra depth, ultra high temperature and ultra
high pressure. Due to the effect of beach body development,
diagenesis and tectonism, the reservoirs in this area are of
strong heterogeneity and the tested single-well gas production
rate varies greatly. In order to improve natural gas exploration
and development benefit and realize "sparse well and high
yield", we comprehensively analyzed the key factors influencing
the enrichment and high yield of natural gas in Qixia Formation
gas reservoirs in this area through core analysis, logging and
seismic data. Then, based on 3D seismic data, the "complex
wave" and "weak wave peak" in the seismic profile of Qixia
Formation were depicted precisely and the areal distribution
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laws of quality reservoirs in the gas reservoirs were figured out.
Meanwhile, with new technologies having been thoroughly
applied in this study area, two implemented horizontal wells
(SYX131 and SYX133) have been drilled into thick dolomite
reservoirs with their tested daily natural gas production rates of
Qixia Formation being 123.97×10 m and 142.51×10 m,
respectively, which set up a new record of high-yield gas rate
there. And the following research results were obtained. First,
natural gas productivity in this area is in obvious positive
correlation with the thickness of dissolved pore type and
dissolved cavern type dolomite reservoirs of Qixia Formation
and the fracture development degree. Second, the seismic
profile presents the reflection characteristics of "complex wave"
at the top of Qixia Formation and "weak wave peak" in the
middle and upper parts. The more developed the reservoirs, the
more obvious the characteristic of "complex wave" or "weak
wave peak". Third, such new technologies as horizontal-well
drilling, large-scale open-hole staged acidizing stimulation, are
important engineering support in this study area. In conclusion,
such a breakthrough made in these two high-yield horizontal
wells demonstrated that there is a huge potential in the deep
marine carbonate gas reservoirs of northwestern Sichuan Basin.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The in-plane perforation is a new type of well completion
method for the stimulated reservoir volume (SRV) of tight oil
and gas reservoirs. Previously, however, the regulatory effects of
perforation on fracture initiation position and fracture geometry
near the wellbore were less studied, the spatial position of each
channel of in-plane perforation was simplified as a plane, and
the effects of the angle parameters of in-plane perforation on
the fracturing pressure of a horizontal well and the fracture
geometry near the wellbore were neglected. In order to make up
for these shortcomings, a near-wellbore fracture mechanics
model in the form of hydro-mechanical coupling was
established in this paper. Then, local 3D fracture initiation
position and geometric change of shots were characterized by
using the fracture element based on continuous damage
mechanics, and the finite-element numerical solving program of
a coupling model was developed to investigate fracture
initiation and propagation laws. Finally, the effects of perforation
angle and departure angle on the initial fracturing pressure and
fracture initiation position were analyzed quantitatively based on
the actual perforation completion parameters of horizontal wells
in the Changqing Oilfield. What's more, the fracture geometry
near the wellbore of horizontal wells with in-plane perforation
was compared with that with helical perforation. And the
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following research results were obtained. First, the fracturing
pressure and fracture initiation position of the horizontal wells
with controllable perforation vary with perforation angle and
departure angle. The fracturing pressure of channel varies
greatly, and fracture initiation occurs at different positions, e.g.
the perforation-wellbore interface and the middle part of the
channel. The in-plane perforator shall control the departure
angle in the range of 15°-30°. Second, by changing the jet
direction of channels, in-plane perforation increases the stress
interference between the channels, so as to reduce the
fracturing pressure of horizontal wells by 2.0-3.5 MPa. Third, the
in-plane perforation can guide and control the fracture strike
near the wellbore, so as to produce the initial fracture plane
perpendicular to the wellbore of horizontal wells and avoid the
distortion of near-wellbore fractures caused by helical
perforation. In this way, the completion degree of the fracture
the system near the wellbore of a horizontal well is improved. In
conclusion, the near-wellbore fracture mechanics model
established in this paper can simulate the perforation and near-
wellbore dynamic fracture process of a horizontal well, and its
calculation results are better accordant with the field test data.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to meet the verification requirements, it is necessary to
carry out comprehensive adjustment on the flow rate, pressure
and temperature of incoming medium at large-flow natural gas
metering stations. As a result, however, the standard
representation value is distorted due to the temperature drop
after throttling and the unstable temperature of gas source. In
this paper, the verification process and gas source conditions of
typical large-flow natural gas metering stations were analyzed.
Then, the influences of temperature change on the physical
properties of the verification medium and the thermal
deformation of the verification pipeline were studied, and the
verification error caused by the temperature drop was
calculated. Finally, the gas source was reheated so as to
eliminate the influence of the measurement error caused by
temperature drop after throttling of the verification medium.
And the following research results were obtained. First,
temperature change can affect the change of natural gas
density, and the temperature drop of medium by 1℃ will bring
about 0.045% error to the verification result. Second,
temperature change can affect the thermal deformation of the
verification pipeline, and the temperature drop of medium by
4℃ will result in a relative error of 0.01%. Third, the
measurement error of the metering instruments can be
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effectively reduced by adopting specifically a natural gas
reheating process which combines electric heat tracing pipeline
and heating furnace together. In conclusion, the influence of the
temperature drop of verification medium on the accurate
evaluation of the measurement results shall not be ignored. It is
necessary to further explore the law of the horizontal changes in
volume and take the natural gas reheating process that can
accurately control temperature change, so as to improve the
stability and accuracy of the measurement process of natural gas
trade.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In 2018, Well Yuanba 7 drilled into the platform margin shoal
reservoir of the Middle Permian Maokou Fm in the Yuanba area
of the Sichuan Basin and a high-yield industrial gas flow was
obtained, indicating a great breakthrough of oil and gas
exploration in the new field of high-energy platform marginal
facies belt of the Maokou Fm in the Sichuan Basin. In order to
deepen the geological understanding on the Maokou Fm, this
paper analyzed the regional tectonic movement. Then, the
lithology, thickness, paleogeomorphology and seismic reflection
structure of the Maokou Fm were studied by means of petrology
and mineralogy based on fine seismic interpretation results, and
the distribution of sedimentary facies was defined. Finally, the
reservoir characteristics and control factors of the Maokou Fm
were researched by means of core observation, thin section
analysis, SEM analysis and physical property analysis. What's
more, the origins and sources of natural gas, the characteristics
of caprocks and the main control factors of hydrocarbon
accumulation in the Maokou Fm were preliminarily determined.
And the following research results were obtained. First, due to
the effect of the Emei taphrogenic movement in the late
Maokou period, the sedimentary facies belt of carbonate
platform margin–slope–continental shelf is developed in the
Yuanba area, and two types of reservoirs are developed at the
platform margin, i.e., high-energy shoal carbonate and
sedimentary tuff. Second, the development of Maokou Fm
reservoir is mainly under the joint control of platform marginal
facies belt, exposed dissolution, the Dongwu movement uplift
and volcanic ash sedimentary alteration. Third, in the Sichuan
basin, marine carbonate rocks have great exploration potential
of natural gas, and the platform marginal facies belt is a
favorable area for the development of large- and medium-sized
gas fields. In conclusion, strengthening geological research and
innovating geological cognition are the foundation of
exploration breakthrough, and developing key seismic
exploration technology for reservoir identification is the
guarantee of efficient exploration.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the Sulige Gas Field of the Ordos Basin, many sets of gas-
bearing strata are developed, such as Permian Shanxi Formation
and Shihezi Formation, and they are typical tight sandstone gas
reservoirs with the characteristics of multiple layers in one well,
low single-layer production, strong lateral heterogeneity, low
permeability, low pressure and low abundance. After years'
exploration and development, the geological conditions in the
Sulige Gas Field are understood better and better, and the
innovative development of processes and technologies and the
continuous improvement of technical ideas promote scale
production. With the continuous advance of exploration and
development, however, the reservoir conditions become more
complex, which brings new challenges to the efficiency increase
and cost reduction of separate layer fracturing and multi-layer
production technology. In this paper, the development history of
separate layer fracturing and multi-layer continuous production
technology in the Sulige Gas Field was reviewed, and the
understandings and enlightenments obtained from the
researches were analyzed and summarized. It is indicated that
the existing separate layer fracturing technology consisting of
two main parts (i.e., mechanical packer and casing sliding sleeve)
is the key technology for the economic and efficient
development of the Sulige Gas Field. It doubles the efficiency of
fracturing operation, presenting a good application effect. Then,
the technical challenges facing the Sulige Gas Field during its
development were summarized as follows. Multi-layer
production is insufficient, the drilling technologies cannot
guarantee the benefit development in the whole life cycle of gas
wells, and the separate layer fracturing technology can hardly
give considerations to the congruent development of Upper
Paleozoic and Lower Paleozoic. Finally, combined with the
development situations of Sulige Gas Field, the countermeasures
to above mentioned difficulties and the development direction
of the separate layer fracturing and multi-layer production
technology suitable for gas reservoirs were discussed as follows.
First, strengthen the researches on well pattern matching and
improve the reserves producing degree and the ultimate
recovery factor. Second, select the layers to be transformed,
optimize the separate layer fracturing technology, and improve
the development benefit of multi-layer production. Third,
optimize drilling and production technologies systematically,
and establish a new efficiency increase and cost reduction model
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for the whole life cycle of slim holes. Fourth, research the
separate layer fracturing and commingled production
technology suitable for Upper and Lower Paleozoic reservoirs, so
as to satisfy the congruent development of Upper and Lower
Paleozoic gas reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: At present, simulation on reservoir evolution under normal
pressure is common while that under abnormal pressure is rare.
In this paper, the Miocene "high-temperature and overpressure"
reservoir in the Ledong-Lingshui Sag of the Qiongdongnan
Basin was taken as the research object to quantitatively define
the effects of high pressure and overpressure on the evolution
of reservoir pores. After the temperature and pressure field in
this area was divided in the setting of sedimentation and
diagenesis, the evolution characteristics of pores in different
temperature and pressure field were analyzed by means of
natural analogy and physical simulation experiment. Then, the
effects of overpressure and fluids on the evolution of reservoir
pores were discussed. Finally, the main factors controlling the
development of high-quality reservoirs were determined. And
the following research results were obtained. First, the
temperature and pressure field of the Miocene reservoir in the
Ledong-Lingshui Sag can be divided into three zones, i.e., high
temperature and normal pressure zone, high temperature and
overpressure zone, and high temperature and super
overpressure zone. Second, overpressure and super
overpressure can provide some preservation on primary pores.
In the same diagenetic stage, the plane porosity of overpressure
and super overpressure reservoirs is 1.23%-6.74% higher than
that of normal pressure reservoirs. Once the reservoir pressure in
overpressure and super overpressure areas is higher than
hydrostatic pressure by 8 MPa and 4 MPa, respectively, about
1% primary pores are preserved. Third, the dissolution of organic
acid makes greater contribution to the secondary pores in
reservoirs and its plane porosity is 0.96%-7.38% higher than that
of normal compacted reservoirs. Fourth, the leaching effect of
meteorological water on reservoir physical properties is slight,
and its plane porosity is only 0.19% higher than that of normal
compacted reservoirs. In conclusion, the dissolution of organic
acid is the most constructive effect for the reservoirs in high
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temperature and normal pressure. In addition, preservation of
primary pores by overpressure is the most constructive effect for
the reservoirs in high temperature and (super) overpressure, and
the higher the overpressure is, the more preservation effect it
provides on pores.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: So far, the development characteristics of concretions in the
Longmaxi Formation of Lower Silurian and the indicating
significance of their depositional environment of black shale
have been rarely studied. In this paper, the GR, rock mineral, thin
section, organic geochemistry and other data were analyzed.
Then, based on the outcrop and drilling data of the southern-
eastern Sichuan Depression and its periphery, combined with
the research results on the geological characteristics of the
adjacent rocks (e.g. lithofacies, geochemistry and electrical
property), the development characteristics of concretions in the
Longmaxi Formation were explored and the indicating
significance of their depositional environment was revealed. And
the following research results were obtained. First, the
occurrence horizons and lithofacies characteristics of concretions
in the Longmaxi Formation are regionally different. In the
southern and southeastern Sichuan Depression, the
concretionary layers develop in the Coronograptus cyphus and
Demirastrites triangulatus graptolite belts, and their lithofacies is
dominated by calcareous-siliceous mixed shale facies,
calcareous-argillaceous mixed shale facies, argillaceous-siliceous
mixed shale facies and calcareous shale facies. In the Eastern
Sichuan-Western Hubei Depression, the concretionary layers
develop in the Demirastrites triangulatus and Lituigrapatus
convolutus graptolite belts, and their lithofacies is dominated by
argillaceous-siliceous mixed shale facies, siliceous shale facies
and calcareous-siliceous mixed shale facies. Second, the GR
curves of these concretionary layers present the characteristics
of trough response. The centers of concretions are enriched with
calcareous or siliceous, and the edges are enriched with clay and
organic matter. Third, concretionary layers are mostly distributed
in carbonaceous shale and argillaceous shale with TOC contents
of 0.8-2.4%, clay content over 40% and brittleness index below
50%, and they are not associated with high-quality shale. Fourth,
the Rhuddanian concretionary layer can serve as the marker bed
for regional correlation in the middle segment of the
Coronograptus cyphus belt in the central part of the Southern
Sichuan Depression, while the Aeronian concretionary layer
cannot independently serve as the marker bed for regional
correlation. Fifth, the concretions are mainly formed in the stage
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of syndeposit-early diagenesis and developed in the initial
stage-development stage of foreland flexure. They are the
products of rapid sedimentation of deep water and semi-deep
water continental shelf facies. The spatial distribution
characteristics of concretionary layers reflect the migration of
the foreland flexural depression from south to north. In
conclusion, the combination of concretion layers with graptolites
belts and bentonite dense layers is of a great reference value to
study the layering of graptolites belts and the distribution of
high-quality shale.
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Abstract: To adapt to the development of socialist sharing economy with
Chinese characteristics, comply with the basic features that oil
and gas production factors create technological value
synergistically, and deal with the major challenges in oil and gas
technological value evaluation, this paper discussed the
framework of a domestic oil & gas technological value sharing
theory system from the perspective of management accounting,
based on the theories of sharing economy, factor allocation and
technological innovation. Then, the design ideas and principles,
construction targets and main content of the sharing theory
system were determined. And the following research results
were obtained. First, the overall target is to establish an oil and
gas technological value sharing theory with Chinese
characteristics, so as to provide the oil and gas industry and the
national relevant departments with the method and theoretical
support and the decision making reference for evaluating the oil
and gas technological performance accurately and promoting
the incentive level. Second, a series of involved theories
constitute the theory system of oil and gas technological value
sharing, including sharing nature, sharing mode and method,
sharing mechanism and sharing management. Finally, based on
the status of domestic oil and gas industry, the measures for
promoting the construction of the oil and gas technological
value sharing theory were proposed as follows. First, speed up
the construction of oil and gas technological value evaluation
system. Second, establish the management accounting system
which supports the oil and gas technological value sharing.
Third, strengthen the organization of technological value
evaluation and the human resource management. Fourth, build
up the intelligent decision-making support system of oil and gas
technological value, and strengthen the foreign exchange of
technological value evaluation results and the construction of
communication platform. In conclusion, the construction of an
oil and gas technological value sharing theory system is
beneficial for improving and perfecting the driving and the
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development mechanism of oil and gas science and technology
innovation and can provide a theoretical basis and reference
method for the evaluation of technological innovation value of
oil and gas enterprises and the formulation of incentive policies.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the exploitation process of offshore natural gas hydrate
("hydrate" for short), it is necessary to take into consideration
the wear of wellbore equipment caused by micron-sized sand
particles after their breaking through the sand control facility of
the wellbore. At present, however, there is no literature on the
migration, deposition and blockage of micron-sized sand
particles (<44 μm) after their flowing into the wellbore with the
formation fluid. To deal with this situation, this paper took the
sand particles in a throttling helical tube section for water
transport in the process of depressurization hydrate exploitation
as the research object. After a geometric model of flow channel
was established for numerical simulation, the migration and
deposition laws of micron-sized sand particles were analyzed
and the critical non-deposition water velocity of micron-sized
sand particles under different conditions was obtained. And the
following research results were obtained. First, micron-sized
sand particles are mainly accumulated in the helical tube section
of a complex pipeline, and the deposition of sand particles is
decreases with the increase of water velocity. The sand particles
deposited in the upper part of the helical tube section are more
difficult to clean than those in the lower part. Second, the critical
non-deposition water velocity increases gradually with the
increase of sand particle size and sand production
concentration. Third, the variables are nondimensionalized by
applying the Buckingham-Π theorem. And the model for
predicting the sand deposition concentration in the local
complex wellbore section during hydrate production test can be
obtained using the OriginPro 2019 non-linear fitting tool.
Fourth, based on the proposed concept of sand deposition
concentration ratio, combined with the deposition prediction
model, it is convenient to calculate critical non-deposition water
velocity of micron-sized sand particles and to judge the situation
of sand deposition in the wellbore. In conclusion, a method for
determining the critical non-deposition water velocity of micron-
sized sand particles in the local complex wellbore section during
the hydrate production test is proposed. And by virtue of this
method, the critical non-deposition water velocity of micron-
sized sand particles under three particle sizes and three sand
production concentrations is obtained respectively. And the
research results provide a basis for the reasonable arrangement
of hydrate production system and pressure reduction range.
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Abstract: Deviation control is always one of the difficulties that restrict the
development of gas drilling technology. In this paper, the
dynamic behavior of the bottomhole assembly with the prebent
structure (i.e., prebent BHA) was studied. Then, the nonlinear
dynamic model of prebent BHA was established based on the
Lagrange equation and the dynamic lateral force on the bit was
calculated in the simple-beam quasi-static model. Finally, the
deviation control capacity of prebent BHA with different
structures in gas drilling was designed, evaluated and verified on
site. And the following research results were obtained. First, the
reasonable prebent pendulum BHA can provide higher dynamic
deviation decreasing capacity in gas drilling so as to realize
good deviation decreasing effect. When the bend angle of the
prebent nipple is 0.75°, the maximum radius of BHA centroid
movement is smaller, which indicates that BHA stability is
optimum at the bend angle of 0.75°. Second, when there are two
drill collars between the bit and the near-bit stabilizer, BHA's
motion stability is improved significantly and it is basically
located at the center of the borehole, which is quite beneficial
for wellbore quality control. Third, during the field application,
the prebent pendulum BHA designed in this paper can well
control the well deviation in gas drilling. In conclusion, the
dynamic control equation of prebent pendulum BHA can
describe the motion characteristics of prebent structures, and
the prebent pendulum BHA designed in this paper is not only
applicable to conventional strata, but also presents a remarkable
deviation control effect in the drilling of gravel strata with
stronger heterogeneity. The research results promote the
development of the low-cost deviation control technologies in
gas drilling.
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Abstract: Using the ultrasonic transmission method to study the ultrasonic
response characteristics of shale is the basis for the use of
logging data to solve geological and engineering problems in
shale gas development. However, among few literatures about
such related research by present, shale has been only regarded
as an elastic medium with its viscoelastic characteristics being
unfortunately ignored. In view of this, based on the theory of
viscoelastic medium waves, combined with the ultrasonic
penetration experiments, we simulated an initial and vibration
sources environment as well as boundary and stability
conditions. On this basis, we made the ultrasonic transmission
experiments of shale with different bedding angles by the
staggered grid finite difference method. The following findings
were obtained. (1) The waveform trend obtained by numerical
simulation is coincided with the physical experiment result. (2)
The rules of shale attenuation coefficients varied along with the
test frequencies and the bedding angles obtained by numerical
simulation calculation and physical experiment based on ideal
and real cores agree well with each other. (3) Under a certain
constant bedding size and density, the wave velocity declined in
power function and the attenuation coefficient increases linearly.
In conclusion, this numerical computation method proposed in
this paper is scientific and reasonable and is of strong
adaptability and can not only be used to analyze the influence of
shale bedding characteristics on ultrasonic propagation
characteristics from a microscopic point of view, but avoid
human errors and save the experimental cost, therefore it is of
important theoretical and practical significance.
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Abstract: Mesozoic buried hill structures are widely developed in the
southwestern Bohai Sea area of the Bohai Bay Basin, but the
mechanisms of their genesis and evolution have not been
systematically studied. In regard of this, the periods, types and
activity characteristics of the faults in this area were analyzed
based on the fine stratigraphic interpretation of three-
dimensional seismic data and the identification of tectonic
styles. Then, the tectonic framework in the key tectonic periods
and the formation and evolution process of buried hills were
revealed. Finally, the structural characteristics of different zones
of buried hills were investigated and the buried hills were
classified. And the following research results were obtained.
First, there are four stages of tectonic movements inside the
buried hills, including Indosinian, early Yanshanian, middle
Yanshanian and Himalayan, among which Indosinian and early
Yanshanian tectonic movements play a decisive role in
controlling the formation and distribution of buried hills.
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Second, the four stages of tectonic movements formed four sets
of complex grid-like fault systems consisting of three groups of
faults (i.e. NE, NW and nearly NS faults), which are obviously
different from each other in terms of formation stages, natures
and activity characteristics. Third, the evolution of this area is
divided into four stages, i.e., the formation of material base of
buried hills in Paleozoic, the compressive orogeny and the thrust
structure development in Late Triassic-Early Jurassic, the
intracontinental rift and the formation of buried hill initial
patterns in Late Jurassic-Early Cretaceous, and the strike-slip-
extension composite transformation and the burial finalization in
Cenozoic. Fourth, due to the differences of the manifestations of
key tectonic periods, the structural characteristics of the buried
hills in this area are obviously zonal, and they are divided into
the residual thrust buried hill belt in the west, the inversion tilt
buried hill belt in the central area and the complex strike-slip
fault block buried hill belt in the east. It is concluded that the
Mesozoic and Cenozoic strata in the southwestern Bohai Sea
area undergo multicyclic tectonic movements, which result in
the diversity of buried hill types and the complexity of the inner
fault systems.
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Abstract: At present, the effects of pore throat structure on micro-scale
seepage characteristics of tight gas reservoirs are less
researched, and traditional numerical simulation methods are
faced with a great number of challenges in the study of micro-
scale flow. In this paper, the flow pattern of tight gas was
studied based on the actual temperature and pressure of tight
gas reservoir and the characteristic size of reservoir pore throat,
and the rationality of tight gas flow was simulated by means of
lattice Boltzmann method. Then, considering the influences of
micro-scale effect, slippage effect and other factors, a tight gas
flow model was established on the basis of LBGK-D2Q9 model,
and its calculation results were compared with the analytical
solutions and the numerical solutions listed in the literature.
Finally, the influential laws of pore throat structure on the micro-
scale seepage characteristics of tight gas were discussed. And
the following research results were obtained. First, when the
pressure is in the range of 3-70 MPa and the temperature is in
the range of 293.15-373.15 K, the Knudsen number (Kn) is less
than 0.1 and the gas flow is in the pattern of slippage flow and
weak continuous flow. And in this case, it is reasonable to adopt
the LBGK-D2Q9 model to simulate tight gas flow. Second, the
effect of the characteristic size of the flow channel on the Kn is
much greater than that of the pressure change. When the pore-
throat ratio is constant, the Kn increases slowly along the throat.
And its increasing trend gets more obvious with the increase of
pore-throat ratio. Third, the presence of the throat makes the
non-linear distribution characteristics of the pressure in the pore
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throat significant, and the pressure drop mainly lies in the throat.
And the higher the pore-throat ratio is, the larger the pressure
drop range in the throat is. Fourth, the non-linear distribution of
pressure decreases the gas flow speed significantly, thus
reducing the mass flow rate in the flow channel. In conclusion,
the simulation result of the model established in this paper is
highly coincident with the analytical solutions and the numerical
solutions calculated by DSMC and IP methods in the literature,
which verifies that this proposed model is reliable. The research
results reveal the importance of "connecting fracture and
expanding throat" in the practical development engineering of
tight gas reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

25

Main heading: Tight gas

Controlled terms: Analytical models  -  Channel flow  -  Drops  -  Flow of gases  -
 Flow patterns  -  Gases  -  Hydrocarbon seepage  -  Kinetic
theory  -  Numerical methods  -  Numerical models   -
 Petroleum reservoirs  -  Pressure drop

Uncontrolled
terms:

Lattice Boltzmann method  -  Micro-scale flow  -  Pore throat
structures  -  Seepage characteristics  -  Slippage effect  -  Tight
gas reservoirs

Classification
code:

512.1.1 Oil Fields - 522 Gas Fuels - 631.1 Fluid Flow, General -
631.1.2 Gas Dynamics - 921 Mathematics - 921.6 Numerical
Methods

Numerical data
indexing:

Pressure 3.00e+06Pa to 7.00e+07Pa, Temperature 2.93e+02K to
3.73e+02K

DOI: 10.3787/j.issn.1000-0976.2019.08.006

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

46.
Accession

number:
20193607404735

Title: A technology of reconstructing salt cavern underground gas
storages by use of the old chambers of those existing
convection wells

Authors: Xue, Yu ; Wang, Yuangang ; Zhang, Xinyue

Author affiliation: PetroChina West-East Gas Pipeline Company, Zhenjiang;
Jiangsu; 212000, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.



2020/6/21 Print Record(s)

81/361

Volume: 39

Issue: 6

Issue date: June 25, 2019

Publication year: 2019

Pages: 131-136

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Number of
references:

15

Main heading: Underground gas storage

Controlled terms: Caves  -  Horizontal wells  -  Infill drilling  -  Salt deposits  -  Salt
mines  -  Well drilling

Uncontrolled
terms:

Chamber volume  -  Horizontal channels  -  Pore volume  -
 Reconstructing the old chamber  -  Salt caverns

Classification
code:

481.1 Geology - 505.1 Nonmetallic Mines - 511.1 Oil Field
Production Operations - 512.1.1 Oil Fields - 522 Gas Fuels

Numerical data
indexing:

Percentage 2.00e+01% to 4.00e+01%

DOI: 10.3787/j.issn.1000-0976.2019.06.015

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

47.
Accession

number:
20195107877743

Title: Development and application of natural gas closed burners

Title of
translation:

天然气密闭燃烧器的研制与应用

Authors: Pang, Dongxiao ; Lu, Dengyun ; Han, Xiong ; Wang, Xiuhua ;
Wang, Zhimin

Author affiliation: Drilling and Production Engineering Technology Research
Institute, CNPC Chuanqing Drilling Engineering Co., Ltd.,
Guanghan; Sichuan; 618300, China

Chongqing Division of PetroChina Southwest Oil & Gasfield
Company, Chongqing; 400011, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.



2020/6/21 Print Record(s)

82/361

Volume: 39

Issue: 10

Issue date: October 25, 2019

Publication year: 2019

Pages: 127-131

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Number of
references:

17

Main heading: Natural gas wells

Controlled terms: Gas industry  -  Gases  -  Ignition  -  Natural gas  -  Nozzles  -
 Partial pressure  -  Pollution control  -  Pressure control  -
 Thermocouples  -  Waste incineration

Uncontrolled
terms:

Light pollution  -  Natural gas development  -  Sound pollution  -
 Venturi tube  -  Waste gas

Classification
code:

452.4 Industrial Wastes Treatment and Disposal - 512.2.1 Natural
Gas Fields - 521.1 Fuel Combustion - 522 Gas Fuels - 731.3
Specific Variables Control - 944.5 Temperature Measuring
Instruments

Numerical data
indexing:

Decibel 8.50e+01dB, Percentage 9.50e+01%, Size 2.00e+01m

DOI: 10.3787/j.issn.1000-0976.2019.10.016

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

48.
Accession

number:
20193907482178

Title: Numerical simulation of the thermal-hydraulic coupling in
wellbore and random fracture network reservoirs

Title of
translation:

随机裂隙网络储层与井筒热流耦合数值模拟

Authors: Shan, Dandan ; Yan, Tie ; Li, Wei ; Sun, Shihui ; Lu, Guangdong ;
Zhao, Huan

Author affiliation: College of Petroleum Engineering, Northeast Petroleum
University, Daqing; Heilongjiang; 163318, China

Key Laboratory of Enhanced Oil Recovery, Ministry of
Education, Northeast Petroleum University, Daqing;



2020/6/21 Print Record(s)

83/361

Heilongjiang; 163318, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 7

Issue date: July 25, 2019

Publication year: 2019

Pages: 143-150

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Number of
references:

24

Main heading: Thermal insulation

Controlled terms: Boreholes  -  Computer system recovery  -  Fracture  -
 Geothermal fields  -  Heat transfer  -  Injection (oil wells)  -  Low
temperature production  -  Oil field equipment  -  Petroleum
reservoir evaluation  -  Recovery   -  Seepage  -  Temperature
distribution

Uncontrolled
terms:

Comsol multiphysics  -  Enhanced geothermal systems  -  Mining
rates  -  Output and life  -  Random fracture  -  Recovery
temperature  -  Thermal hydraulics  -  Wellbore

Classification
code:

413.2 Heat Insulating Materials - 481.3.1 Geothermal
Phenomena - 511.1 Oil Field Production Operations - 511.2 Oil
Field Equipment - 512.1.2 Petroleum Deposits : Development
Operations - 641.1 Thermodynamics - 641.2 Heat Transfer - 951
Materials Science

Numerical data
indexing:

Size 4.00e+02m

DOI: 10.3787/j.issn.1000-0976.2019.07.019

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

49.
Accession

number:
20192607089031

Title: Exploration and development potential of the low-maturity
continental shale gas in the Fuxin Basin



2020/6/21 Print Record(s)

84/361

Title of
translation:

阜新盆地低演化陆相页岩气勘探开发潜力

Authors: Kang, Yongshang ; Rao, Quan ; Zhao, Qun ; Wang, Hongyan

Author affiliation: School of Geosciences, China University of Petroleum, Beijing;
102249, China

State Key Laboratory of Petroleum Resources and
Prospecting//China University of Petroleum, Beijing; 102249,
China

PetroChina Research Institute of Petroleum Exploration and
Development, Beijing; 100083, China

Corresponding
author:

Rao, Quan (raoquan1994@qq.com)

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 3

Issue date: March 25, 2019

Publication year: 2019

Pages: 21-31

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: In order to promote the exploration and development of
continental shale gas reservoirs in China further, we
systematically summarized the geological features of typical
continental shale, such as the Ordos Basin. Then, the shale gas
reservoir characteristics, geochemical characteristics and
fracturing performance of the Lower Cretaceous Shahai Fm in
the Fuxin Basin were analyzed by using the data of TOC
contents, rock specific surface, pore size distribution and X-ray
diffraction analysis of the whole rock. Based on this, it was
compared with the marine/continental shale gas reservoirs from
the aspect of geological feature. Finally, the shale gas reservoir
and resource potential of the Shahai Fm were evaluated. And the
following research results were obtained. First, the formation
age of China's continental shale is later, its TOC contents vary in
a large range, and its organic matters are mainly of a mixed-
humic type. And it is characterized by low thermal evolution
degree, low quartz content, high feldspar content, high
carbonate content, and comparability of total brittle mineral
content to marine shale. Second, shale in the Shahai Fm has
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shallow burial depth and its mineral composition is dominated
by quartz, feldspar and carbonate minerals. Its pores are mainly
mesopores with an average porosity of 3.47%. There are diverse
reservoir spaces, which is favorable for the accumulation of shale
gas. Third, the TOC content of the Shahai Fm shale is mainly
above 2%, with a moderate thermal evolution degree of organic
matter and high gas content. Fourth, the total brittle mineral
content of Shahai Fm shale is up to 60%, indicating a good
fracturing performance. Fifth, shale reservoirs in the Shahai Fm
can be classified into three categories. Type one is target
reservoirs of exploration and development, and Type two is
favorable reservoirs. It is estimated that the amount of shale gas
resources are in the range of 232.2-286.2 billion m. It is
concluded that the Shahai Fm shale in the Fuxin Basin has both
resource potential in geology and fracturing performance in
engineering, and its exploration and development prospect is
broad. What's more, the potential of commercial shale gas
development is great in the sweet-point areas.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Debris flows and mountain torrents are the main geologic
disasters affecting the safe operation of long-distance oil and
gas pipelines in mountainous areas. It is of great significance to
carry out risk assessment on the disasters of debris flows and
mountain torrents along long-distance oil and gas pipelines to
prevent and alleviate the losses. In this paper, the Guangyuan
section of the Lanzhou-Chengdu-Chongqing long-distance oil
and gas pipeline was taken as the research object. Based on the
coupling-coordination principle, an overall risk evaluation
system was divided into two subsystems, i.e., a pipe subsystem
and a natural environment subsystem. The pipe subsystem
includes 5 indicators: depth, included angle (included angle
between pipe and slope unit), wall thickness, defect density and
position (distance between pipe and slope unit). The natural
environment subsystem includes 9 indicators: slope direction,
slope, elevation, normalized differential vegetation index (NDVI),
annual average precipitation, height difference, topographic
section curvature, distance between pipe and fault, and
geological lithology. Then, the weight of each indicator was
determined by means of entropy weight method. Finally, the
coupling-coordination model for the system was established by
using the GIS technology, and the risk level of the long-distance
pipeline in this area was defined. And the following research
results were obtained. First, the coupling coordination degree is
better accordant with the risk degree. Second, the risk degree
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and coupling coordination degree of the pipeline in the
southern part of the study area are higher, which indicates that
the natural environment, geological structure and climate
change in this area tend to induce natural disasters easily, e.g.
mountain torrents and debris flows. Third, the weight of the
defect density of pipe subsystem and that of the NDVI index of
natural environment subsystem are the highest, so it is
recommended to strengthen monitoring pipe damage and
vegetation change in the Guangyuan pipeline section. In
conclusion, this evaluation method can reflect the actual field
situations rapidly and accurately and it is better applicable in
pipeline risk evaluation.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The current national criteria with more conservative evaluation
results can not accurately reflect the interference effect of
multiple cracks on the safety assessment of gas line pipes. In
view of this, we compared the singular element method with the
three-dimensional virtual crack closure technology (3D-VCCT).
Based on this, the 3D-VCCT was selected to establish a multi-
crack interference model of gas line pipes. Finally, the
interference effect of subsidiary cracks on the front points of the
main crack was studied by analyzing the variation of the
interference factors between cracks. And the following research
results were obtained. First, as the subsidiary crack size changes,
the strongest interference effect of a parallel collinear crack
occurs near the surface and manifests as enhancement effect.
Second, under certain conditions, the interference effect of a
parallel collinear crack is more significant at the deepest point
and the surface point of the crack, and it presents as an
enhancement effect at the deepest point and as a weakening
effect at the surface point. Third, when the horizontal spacing
between cracks is greater than 6 times of the long half axis of
the main crack, the interference effect between the parallel
collinear crack and the parallel offset crack is negligible, and
multiple cracks can be simplified as a single crack in the process
of analysis. This research can provide a technical reference for
fracture analysis on multi-crack gas line pipes and the theoretical
basis for their safety assessment.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Recently, a high-yield gas flow of 22.5×10 m/d was achieved in
the wildcat well Yongtan 1, deployed by the PetroChina
Southwest Oil and Gasfield Company, and an extrusive facies
vocaniclastic gas reservoir was first discovered in the Sichuan
Basin, which is a major breakthrough in the exploration of
volcanic rock gas reservoirs. In order to further evaluate the
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exploration potential in Permian volcanic rock gas reservoirs in
this basin, we systematically reviewed and summarized the
exploration process of volcanic rocks in this study area, as well
as the characteristics of gas reservoirs of well Yongtan 1, the
controlling factors and modes of hydrocarbon accumulation. The
following findings were obtained. (1) Over the past five decades
of gas exploration of volcanic rocks, the change of exploration
thought and progress in seismic prediction contribute to a major
discovery in this study area, i.e., the well location deployment of
Yongtan 1 was determined in the Jianyan area, where the
volcanic anomalies of the Permian developed outbursts are well
developed and the gas reservoir conditions are favorable. This
also proves that another new gas exploration area in this basin
was found. (2) From the data of Yongtan 1, we found high-
quality volcanic porous reservoirs with a thickness of over 100 m
developed in the Permian strata, the effusive volcanic rock types
dominated by breccia and tuffaceous breccia, reservoir space
composed of dissolution pores, interbreccia dissolution pores,
and other pores, the porosity of which is between 6.68% and
13.22% and 10.26% on average, the permeability between 0.01
and 4.43 mD and 2.35 mD on average. (3) This abnormally high
pressure gas reservoir was buried 4 500-6 000 m deep
underground with the middle formation pressure being 125.625
MPa and the pressure coefficient being up to 2.22. Methane
content in the minor H2S-bearing produced gas flow reached up
to 99.03%. (4) Volcanic rocks in the Jianyang- Zhongjiang-Santai
area are developed, and they are adjacent to the Cambrian high-
quality source rocks in the Deyang-Anyue rifting. The early
extensional deep faults play a role in connecting source and
storage. There are many sets of caprocks, such as the Upper
Permian Longtan Formation and Lower Triassic layered thick
paste rocks, providing conditions for forming large-scale
tectonic-lithologic composite trap gas reservoirs, and the
favorable exploration area reaches up to 6 000 km. In
conclusion, this major discovery not only proves that Permian
volcanic rocks in the Sichuan Basin has large potential for oil and
gas exploration, but reaffirms the confidence in changing our
exploration thought, speeding up new exploration zones and
areas, and discovering mo re and bigger gas fields.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Ball fracturing is a kind of technology that is commonly used for
multistage fracturing of shale gas horizontal wells. At present,
the ball injector cannot satisfy the operation demands of large
bore and small spacing fracturing of shale gas wells due to its
disadvantages, such as a small size of fracturing ball, a limited
number of balls, complicated structure and poor applicability. In
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this paper, a new type of automatic ball injector with rotating
plate and large bore was designed. There is a ball storage at the
upper part of the ball injector and a ball injecting mechanism
inside the pedestal at the lower part. And the ball injecting
mechanism is controlled by the drive motor to inject the balls
one by one. Then, collision analysis was carried out on its ball
injecting process by using finite element method (FEM). Finally,
simulation and prototype tests were conducted by using the
arbitrary Lagrangian-Eulerian (ALE) mesh adaption method and
the coupled smoothed particle hydrodynamics method (FEM-
SPH). And the following research results were obtained. First, in
the process of ball collision, the maximum equivalent stress,
equivalent plastic strain and displacement are generated at the
edge of the rotating plate. The maximum stress is about 600
MPa, which is less than the yield strength of 42CrMo (930 MPa),
so the strength requirement is satisfied with a certain safety
margin. Second, the prototype successfully passes the
continuous ball injecting test of 12-stage fracturing process with
the ball diameter of 64-108 mm and the ball contrast of 4 mm.
In conclusion, this automatic ball injector with rotating plate and
large bore is advantageous with simple operation and wide
applicability and can effectively address the needs of multistage
fracturing of shale gas horizontal wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Gas pipeline compressor plants are set mainly in two forms, i.e.,
independent plants and joint plants. The former is safe and
flexible, but covers a large area and needs high investment,
while the latter covers a small area and requires low investment,
but its safety and flexibility is poor. Facing the ever-increasing
safety and environmental protection requirements and
increasingly shortage of land, the setting form of a newly built
gas pipeline compressor plant has attracted much attention and
controversy. In this paper, the setting requirements of
compressor plants stipulated in the standards and specifications
of North America, the former Soviet Union, Europe, and China
were studied systematically, and the actual setting approaches
adopted in several domestic and foreign famous pipeline
projects were investigated. Then, based on the actual
engineering, quantitative risk analysis and economic evaluation
were carried out on the two schemes of independent plants and
joint plants by means of a specialized software. And the
following research results were obtained. First, there is no clear
requirements on the setting form of compressor plants in
domestic and foreign main design specifications. Second, in
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Canada and the former Soviet Union, independent plants are
widely applied. In the United States and Europe, both
independent and joint plants are commonly applied. And in
domestic market, joint plants are usually applied. Third, from the
safety perspective of stations and gas pipeline systems,
independent plants are superior to joint plants. From the
economic perspective, joint plants are much better. Fourth, if
both schemes are compared from the aspect of land acquisition,
taking 4 compressor sets as an example, an independent plant
scheme requires about 3 600 m more land, in this way a joint
plant scheme seems more dominate. However, if in the
construction of gas compressor stations of long-distance
pipeline with much more land easier to occupy, an independent
plant scheme should be recommended.
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Abstract: The gas-water relationship in the Permian and Triassic biohermal
beach reservoirs in the Sichuan Basin is complex, which results in
a low drilling success rate and leads to sidetracking or even
secondary sidetracking in some wells. Therefore, high-precision
gas-water identification is the key to the drilling success rate. In
this paper, the biohermal gas reservoir in the T work area of the
eastern Sichuan Basin was taken as an example. Firstly, the
frequency information of seismic data sensitive to gas bearing
properties was exploited sufficiently by taking the deep/shallow
resistivity information which is sensitive to gas-water
discrimination as a constraint and the nonlinear algorithm as a
bridge. Then, combined with the information of full-band
relative wave impedance, a nonlinear mapping relationship
between the logarithmic difference curve of deep/shallow
resistivity and the seismic waveform was established, and the
gas bearing properties of the reservoir were predicted. In this
way, a post-stack gas prediction method was developed. Finally,
field application and effect analysis were carried out. And the
following research results were obtained. First, gas layer
information indicated by deep/shallow resistivity not only has
the function of verification well, but can be extracted as a priori
information for the constraint of seismic data. Second, frequency
division information increases the mapping relationship between
multi-frequency data volume and the logarithmic difference of
deep/shallow resistivity, and the colored inversion, as the more
reasonable full-band relative-wave impedance seismic data, is
more conducive to gas and water identification. Third, based on
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the nonlinear mapping relationship, the data volume of a gas
sensitive factor was obtained, and the range of gas layers was
quantified, so as to realize the quantitative characterization of
gas bearing properties. It is concluded that the gas prediction
technology developed in this paper provides an effective and
practical post-stack gas prediction method, and its field
application effect is good, presenting wide popularization and
application prospects.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Wet gas can form liquid loading at the lower line pipe sections,
so the transportation efficiency will be impacted and the line
pipes will be corroded and even blocked. Therefore, to
accurately predict the critical liquid-carrying velocity of gas is of
great significance to preventing the liquid loading in wet gas line
pipes. In view of the gas-liquid two-phase stratified flow in
micro-tilting line pipes with low liquid contents, this paper newly
established a critical liquid-carrying velocity prediction model
considering droplet entrainment according to the momentum
balance equation of a gas-liquid two-phase flow and the closure
relationship of a new gas-liquid interface shape. Then, based on
the experimental data, the new model, FLAT model, ARS model,
double-circle model and MARS model were verified and their
prediction results were compared. Finally, the new model was
applied to analyze the effects of pipe dip, operation pressure,
liquid density and gas component on the critical liquid-carrying
velocity and critical liquid content of natural gas-water and
natural gas-60% glycerine with water stratified flow in a micro-
tilting line pipe. And the following research results were
obtained. First, with the increase of pipe dip and liquid density,
the critical liquid-carrying velocity increases continuously and
the critical liquid content decreases gradually. Second, with the
increase of operation pressure and heavy component content,
the critical liquid-carrying velocity decreases continuously and
the critical liquid content increases gradually. In conclusion, the
new model is higher in prediction accuracy and its prediction
result is better accordant with the experimental value, so it can
be used to predict the critical liquid-carrying velocity in wet gas
line pipes.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Shale gas resource in China is greatly different from that in the
North America in term of natural endowment, so North
America's experience and practice of shale gas revolution shall
not be copied blindly in China. In order to realize scale effective
development of shale gas resource in China, we analyzed and
summarized the status quo of domestic shale gas stimulation
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technologies referring to the advanced concepts of shale gas
development in the North America, considering the actual
situations of shale gas resource in China. Then, some
suggestions were proposed on the development direction of key
shale gas fracturing technologies and the enhancement of
engineering management. First, a data volume that integrates
geological, engineering and production information is the base
for designing and optimizing all segments of shale gas
exploration, development and production. Therefore, it is
necessary to break the "data isolated island", strengthen data
mining and improve the data application efficiency, so as to
promote the integration of geo-engineering data fusion.
Second, the geomechanics test & evaluation method and
technology suitable for shale reservoirs shall be developed and
improved by taking into consideration the anisotropic
mechanical behaviors and ground stress characteristics of shale
reservoirs, so as to increase the design level of geo-engineering
integration program. Third, it is necessary to develop the
dissolvable bridge plug, improve operation the efficiency of
staged fracturing and reduce the operation risk, so as to achieve
cost reduction and benefit increase of shale gas development.
Fourth, there is still great room for the improvement of the
engineering management system, which is worth exploring and
studying further. Therefore, oil & gas industry and companies
shall seize this critical strategic opportunity to actively optimize
the current engineering management pattern and seek the
optimal approach to quality improving and benefit increasing. In
conclusion, the exploration and development of shale gas in
China is currently in the early stage and there is an obvious gap
compared with foreign countries in terms of technology &
equipment, production management, exploration and
development achievement and policy & regulation. Therefore, it
is in an urgent need to innovatively explore a way feasible for
the actual shale gas development in China based on the
resource conditions of its own after referring, digesting and
absorbing the hydraulic fracturing experience and management
concept of shale gas revolution in the United States.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Previous studies on the karst reservoirs of Maokou Fm, Middle
Permian in the Southern Sichuan Basin mainly concentrate on
sedimentary facies, reservoir characteristics and controlling
factors, gas accumulation patterns and gas-source correlation,
and well location deployment is carried out with faults as the
focus. Due to the limitation of seismic data quality and other
factors, this set of reservoirs are less analyzed qualitatively and
predicted quantitatively. In this paper, the seismic response
characteristics of high yield gas wells in karst reservoirs were
analyzed based on the above mentioned traditional research
achievements, combined with the 3D seismic data in the
Hebaochang area of the Southern Sichuan Basin. Then,
qualitative analysis, quantitative prediction and hydrocarbon
detection were carried out on the karst reservoirs of Maokou
Fm, Middle Permian by means of forward modeling, amplitude
attribute analysis, hydrocarbon detection and other methods.
Finally, the favorable areas for the development of karst
reservoirs were predicted. And the following research results
were obtained. First, the Maokou karst reservoirs in the
Hebaochang area are vertically stratified and high yield intervals
are mainly developed at the upper sections within 50 m from the
top of Maokou Fm. The events of high yield intervals, i.e., top
Maokou Fm and the lower part, present the seismic response
characteristics of "weak peak & weak and wide valley". The
quantitative prediction of amplitude index attribute and the
hydrocarbon detection results show that both of them are
coincident and there are 3 high-quality reservoir development
zones in this area. And their coincidence with the actual wells is
up to 80%. It is concluded that besides the favorable reservoir
areas developed along the faults in the Hebaochang area, 3
favorable karst reservoir areas are developed far from the fault
belt, the total area of which is 79 km. The research results are of
great significance to guiding the oil & gas exploration and well
location deployment in the structural slope and syncline areas
far from faults.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to improve the applicability of commonly used drainage
gas recovery technologies while reducing the additional cost
caused by the adjustment of drainage technologies, this paper
improved the pumping process using the hollow sucker rod. And
combined with the newly developed special air-proof hollow
pump for drainage gas recovery, a gas recovery process by
combined drainage of pumping-velocity string was formed.
Then, field test was carried out at a water-production gas well in
the Sulige Gas Field. And the following research results were
obtained. First, in this new process, pumping, velocity string, gas
lift, foam scrubbing and other drainage technologies can be
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combined freely, and drainage technologies can be flexibly
adjusted according to the water production characteristics of the
gas well. And thus the adaptability of the process is improved.
Second, the traveling valve and the static valve adopted in this
process all depend on the driving force of the pumping unit and
the gravity of the hollow sucker rod to realize the forced
opening and closing, so the mechanical pumping failure caused
by the gas lock and sand sticking is avoided. Third, the selection
principles of the gas well in this process include higher initial gas
production rates (>1×10 m/d), higher water production rates (3-
30 m/d) and short distances from the wellhead to the liquid
surface (<2 500 m). Fourth, as for the gas wells with a gas
production rate of 2×10 m/d or 1×10 m/d, it is necessary to
adopt the hollow sucker rod 36 mm in outer diameter and 6 mm
in wall thickness or 38 mm in outer diameter and 6 mm in wall
thickness for the drainage gas recovery of velocity string. And
for the gas wells with a gas production rate of 0.6×10 m/d, it is
necessary to adopt the hollow sucker rod 34 mm in outer
diameter and 5.5 mm in wall thickness. In conclusion, the gas
recovery process by combined drainage of pumping-velocity
string can increase the stable gas production rate of water-
production gas wells greatly and realize the continuous stable
production of water-production gas wells, presenting good
application effects.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In recent years, great breakthroughs have been realized in the
exploration of ultradeep marine carbonate gas reservoirs in the
northwestern Sichuan Basin, high-yield gas flow has been
produced from the third Member of Maokou Formation, Middle
Permian (Mao 3 Member for short) in many structures, and
fracture has been proved to be the main factor controlling the
high yield of natural gas. However, conventional seismic
processing technologies are poor in fracture identification and
prediction effect. This paper took the Jiulongshan structure in
the northwestern Sichuan Basin as the example. After the
characteristics of Mao 3 Member reservoir were summarized, the
seismic response characteristics of Mao 3 Member reservoir in
drilled wells were analyzed. Then, the optimization processing of
original pre-stack gather and the high-resolution treatment of
spectrum restoration were carried out to increase the resolution
of seismic data while the weak seismic signals of developed
fractures and vugs were maintained. Based on this, fracture
detection was conducted using post-stack seismic attribute
processing technologies, e.g. I3D symmetry, frequency division
chaotic body and likelihood. Finally, the areal distribution
characteristics of fractures and vugs in Mao 3 Member were
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predicted by virtue of three-color fusion technique. And
following research results were obtained. First, the ultradeep
carbonate reservoirs of Mao 3 Member in the northwestern
Sichuan Basin are mostly karst fractured reservoirs with
developed structural fractures and dissolved pores and fractures,
which tend to form larger fracture development zones easily.
Second, the original seismic data of the ultradeep reservoirs in
this area has a primary frequency of 25-30 Hz, which cannot
respond to fracture belts strongly. The combination of pre-stack
gather optimization processing technique and spectrum
restoration technique can protect the weak signals of fracture
belts and increase the primary frequency of seismic data to 45
Hz, so that the spectrum of seismic data is improved effectively
and the geological phenomena are embodied clearly. Third, I3D
symmetry, frequency division chaotic body and likelihood can
reflect the geological information expressed by the seismic data
from different viewpoints, and three-color fusion technique can
better reflect fault development belts and karst pores and
fracture development belts of Mao 3 Member carbonate
reservoirs. In conclusion, the seismic based fracture prediction
result is in accordant with drilling, logging and testing results, so
as to provide the basis for the deployment and adjustment of
natural gas development wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: On 24 May 2019, National Development and Reform
Commission, National Energy Agency, Ministry of Housing and
Urban- Rural Construction and State Administration of Market
Supervision and Administration jointly issued Measures for the
Non-discriminatory Third-party Access Regulation of Oil and Gas
Pipeline Network Facilities. This new version of Measures aims to
further promote reform mechanisms and strengthen regulation
and push forward more vigorously non-discriminatory third-
party access facilities of oil and gas pipeline network, thus to
better create an open and fair institutional environment. In view
of this, based upon an analysis of the present status and the
existing problems, we combed and interpreted the Measures
and achieved the following highlights of its contents. (1) Put an
emphasis on the principle of non-discrimination to guarantee
non-discriminatory third-party access in open service; (2) Adjust
the scope of regulation to make the policy-making more
targeted; (3) Stimulate the infrastructure construction and
interconnection to tamp the foundation of non-discriminatory
third-party access; (4) Give impetus to information disclosure to
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improve the scientificity, normativeness and transparency of
non-discriminatory third-party access; (5) Standardize
application requirements, optimize the procedure of acceptance,
and set up the constraint mechanism based on service contract;
(6) Implement energy measurement and valuation of natural gas
to better adapt to international pipeline transport and trade; (7)
Put forward many new measures like diversification of pipeline
transportation services, balance mechanism, etc. to guide the
fair, open and market-oriented development. Finally, some
proposals were suggested for the required work after the
implementation of this new version of Measures: to make the
robust foundation of laws and regulations and formulate and
perfect the supporting rules, to improve regulatory effectiveness
and ensure policy implementation, to actively deal with the
reform of operation mechanism of oil and gas pipeline network,
and to fulfill the responsibility in the supervision of national
pipeline network companies.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Accurate determination of gas content in shale is of great
significance to the evaluation and the exploitation of shale gas
reservoirs. At present, however, domestic and foreign scholars
have different opinions on the model selection, adsorption
mode and adsorption characteristics parameter in the isothermal
adsorption experiment of shale methane, and the high-pressure
isothermal methane adsorption characteristics are less
researched. In this paper, the structural characteristics of the
pores in the shale of Lower Silurian Longmaxi Formation were
analyzed by conducting N2/CO2 low-pressure isothermal
adsorption experiments. Then, gravimetric high-pressure
isothermal methane adsorption experiments were carried out,
and three different adsorption models (SDR, Langmuir and BET)
were used to calculate the content of adsorbed methane. Finally,
the methane adsorption characteristics of the samples were
researched. And the following research results were obtained.
First, as for the pores with a size of 0-50 nm, the distribution of
specific surface area and pore volume is bimodal and trimodal,
respectively. Compared with mesopores, micropores are higher
in specific surface area and lower in pore volume and
heterogeneity (D1<D2). Second, among the SDR, Langmuir and
BET models, the average error of the first two models is both
less than 6%. And methane molecules coexist in shale pores
mainly in the adsorption form of monomolelcular layers and
micropore filling. Third, in the case of high pressure and great
burial depth, temperature is the main factor affecting the
adsorption capacity and density of adsorbed methane. In the
meantime, the density of the absorbed methane is also affected
by thermodynamic parameter, pore structure and heterogeneity.
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Fourth, methane molecules are mainly adsorbed in the
micropores (0.4-0.8 nm) with higher absorption energy and
larger specific area in the form of monomolecular layer in a low-
pressure phase, and then most of them are adsorbed in
micropores and mesopores (1.4-8.0 nm) in the coexistence form
of micropore filling and monomolecular layer. In the high-
pressure phase, few methane molecules are absorbed in
mesopores and macropores in the pattern of multi-molecular
layers.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Effective generation of acoustic waves and efficient transmission
of acoustic energy in the limited downhole space are
prerequisites for the long-distance stable transmission of
acoustic waves in drill strings, so an efficient and reliable
generator is the key to the field application of downhole
acoustic signal transmission technology. In order to realize the
downhole information transmission of high speed, high accuracy
and strong external factor immunity, we designed a downhole
acoustic generator and it was manufactured based on the giant
magnetostrictive transducer. Then, an experimental system was
built up to study its functions and key parameters. And the
following research results were obtained. First, a single-stage
conical horn with an inner hole is the first choice for acoustic
radiation, and the plane waves can be obtained by the
transducer when the acoustic wave radiation enters the drill
string from the small end of the conical horn. Second, the
energy transfer efficiency of low frequency acoustic waves can
be effectively improved when the horn length-diameter radio is
designed near the minimum amplification coefficient point.
Third, acoustic transfer medium made of copper has a higher
filtering quality and transfer efficiency of acoustic energy.
Fourth, the transfer efficiency of acoustic wave increases first
and then remains unchanged with the increase of transducer
pre-tightening force, and the optimal value is obtained at the
pre-tightening force of 7.20 kN. In conclusion, the impact of
transducer's acoustic radiation mode and structural parameters
on the transfer efficiency of acoustic energy shall be fully
considered during the design of the downhole acoustic
generating and relaying device. And it is recommended to
research further the effects of the mechanical structure of the
acoustic emission end and the acoustic carrier parameters on
the acoustic propagation characteristics in drill strings so as to
speed up the field application of downhole acoustic signal



2020/6/21 Print Record(s)

111/361

transmission technology.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

20

Main heading: Acoustic wave propagation

Controlled terms: Acoustic emissions  -  Acoustic radiators  -  Acoustic wave
transmission  -  Drill strings  -  Drills  -  Energy efficiency  -
 Energy transfer  -  Infill drilling  -  Magnetostrictive devices  -
 Transducers

Uncontrolled
terms:

Acoustic propagation  -  Experimental test  -  Generator  -  Horn 
-  Influence law  -  Radiation mode  -  Structural parameter

Classification
code:

511.1 Oil Field Production Operations - 511.2 Oil Field
Equipment - 525.2 Energy Conservation - 603.2 Machine Tool
Accessories - 751.1 Acoustic Waves - 751.2 Acoustic Properties
of Materials - 752.1 Acoustic Devices

Numerical data
indexing:

Force 7.20e+03N

DOI: 10.3787/j.issn.1000-0976.2019.05.013

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

64.
Accession

number:
20195107877741

Title: Changing laws of wellbore temperature during offshore
deepwater well drilling

Title of
translation:

海洋深水井钻井过程中井筒温度的变化规律

Authors: Li, Zhonghui ; Zhao, Yi ; Lou, Yishan ; Li, Zhong ; Fang, Manzong ;
Wei, Chenyu

Author affiliation: School of Petroleum Engineering, Yangtze University, Wuhan;
Hubei; 430100, China

Lost Circulation Control Division, National Engineering
Laboratory of Oil and Gas Drilling Technology, Wuhan; Hubei;
430100, China

CNOOC China Limited Zhanjiang Branch, Zhanjiang;
Guangdong; 524057, China

Haidian Power Supply Company of Beijing Electric Power
Company, State Grid, Beijing; 100086, China

Corresponding
author:

Zhao, Yi (zhaoyi9502@foxmail.com)

Source title: Natural Gas Industry

Abbreviated Natur. Gas Ind.



2020/6/21 Print Record(s)

112/361

source title:

Volume: 39

Issue: 10

Issue date: October 25, 2019

Publication year: 2019

Pages: 88-94

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: When the existing calculation model of wellbore circulating
temperature field is used to analyze the drilling process of
offshore deepwater oil/gas wells, it takes into account the
influence of many factors on the wellbore temperature (such as
convection heat transfer of seawater, riser and drilling fluid, and
formation heat conduction), but neglects the temperature
difference caused by the drilling in actual fields. In order to
provide more accurate and reliable data for related work in
deepwater drilling, such as drilling fluid density design, borehole
stability analysis, and so on, this paper calculated the
temperature field using the temperature model for the process
of circulating drilling fluid without drilling. Then, the calculation
model of supplementary drilling condition was solved by means
of the finite difference method and the Gauss iteration method.
Finally, the influence of the drilling process with different rates
of penetration on the longitudinal variation laws of wellbore
temperature in deepwater wells was analyzed using the node
updating algorithm. And the following research results were
obtained. First, at the same depth, the calculated temperature
fields of the whole well at different rates of penetration are
obviously different, and the difference of the bottom hole
temperature while drilling at a water depth of 1 000 m is close to
10 ℃. Second, in the process of drilling, the circulating
temperature field is more sensitive to time than to the rate of
penetration. And compared with the wellbore temperature field
without considering the rate of penetration, the one with
consideration of the rate of penetration presents a law of overall
increase. It is concluded that by virtue of this new method, the
practical problems in the process of offshore deepwater drilling
can be analyzed better, e.g. borehole stability and pipe string
working conditions, and the actual production can be reflected
more accurately.
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Abstract: Increasing the resolution of seismic data has long been a major
topic in seismic exploration. Due to the effect of high-frequency
noises, traditional methods could only improve the resolution
limitedly. To end this, this paper newly proposed a high-
resolution seismic data processing method based on well-
seismic combination after summarizing the research status on
high resolution. Synthetic record and seismogram are similar in
effective signals but dissimilar in noises. Their effective signals
are regular and noises are irregular. And they are similar in
adjacent frequency. Based on these "three-regularity"
characteristics, the relationship between synthetic record and
seismogram was established using the neural network algorithm.
Then, the corresponding extrapolation algorithm was proposed
based on the self-adaptive geological and geophysical variation
of multi-layer network structure. And a model was established
by virtue of this method and the theoretical simulation was
carried out. In addition, it was tested from the aspects of
frequency component and amplitude energy recovery, phase
correction, regularity elimination and stochastic noise. And the
following research results were obtained. First, this new method
can extract high-frequency information as much as possible and
remain middle and low-frequency effective information while
eliminating the noises. Second, in this method, the idea of
traditional methods to denoise first and then expand frequency
is changed completely and the limitation of traditional methods
is broken. It establishes the idea of expanding frequency and
denoising simultaneously and increases the resolution to the
uttermost. Third, this new method has been applied to a variety
of reservoir descriptions and the high-resolution processing
results have been improved significantly in precision and
accuracy.
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Abstract: At present, the technical ideas and implementation modes
adopted in the geological modeling of shale gas reservoirs are
mainly derived from those used in conventional oil and gas
reservoirs, so they are not applicable to shale gas reservoirs.
Moreover, there are few reports on the results of shale gas
geological modeling at home and abroad. In view of this, a
technical process of geological modeling for shale gas reservoirs
was firstly established according to its particularity. Secondly, a
structure and shale sublayer development model for the working
area was established based on logging interpretation results,
pre-stack and post-stack seismic interpretation data and
geological test analysis results of samples. Thirdly, property
models of shale gas reservoirs, including thickness, porosity, gas
saturation, TOC, silicon content and brittleness index, were
established using geostatistic modeling method in the frame
model. Fourthly, a natural fracture DFN model was established
using the object-based modeling method, based on seismic AFE
attribute, structural curvature and strain and dilatation data,
combined with geological knowledge and drilling display. Fifthly,
a hydraulic fracture model was established based on the
estimate of hydraulic fracture distribution pattern and the
parameter fitting analysis. Finally, a comprehensive geological
model for shale gas reservoirs was established by virtue of step-
by-step superposition. What’s more, it was applied to the
production history matching and performance prediction of
shale gas wells. And the following research results were
obtained. First, the geological modeling of shale gas reservoirs is
more complex than that of conventional oil and gas reservoirs,
and the complexities are presented as difficult classification and
correlation of sublayers, multiple matrix parameters restricting
each other, diverse geneses and sizes of natural fractures, and
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complicated distribution of hydraulic fractures under the
interference and influence of natural fractures. Second, the
natural fracture DFN model is capable of describing the
geometrical shape and distribution of fracture system effectively
and finely, and the hydraulic fracture model can better embody
the distribution of hydraulic fractures and the stimulated
reservoir volume (SRV). The establishment of the comprehensive
geological model for shale gas reservoirs can be realized by
progressively integrating and superposing the structure and
sublayer development model, the multi-matrix property
parameter model, the multi-scale natural fracture model and the
hydraulic fracture model under the constraint of multi-scale
natural fracture model. Third, production history matching
results of gas wells show that the error of bottomhole pressure
is lower than 3.3%, which indicates that the newly established
comprehensive geological model of shale gas reservoirs is
reliable. In conclusion, the modeling process and method
developed in this paper can be used as reference in the
establishment of a comprehensive geological model for shale
gas reservoirs.
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Abstract: When DC ground electrode of a high-voltage direct current
(HVDC) transmission system is in the stage of early operation or
in the case of failures and maintenance, an instantaneous large
current will be generated and bring great potential safety
hazards to the nearby buried oil/gas pipelines and facilities and
operators. In order to ensure the safety of the persons near the
buried pipelines, we investigated the current interference of
HVDC ground electrode to buried pipelines and its personal
safety distance (hereinafter referred to as a safety distance).
Firstly, the model simulating the electromagnetic interference to
buried pipelines was established by means of the numerical
simulation technology. Then, the model was used to calculate
the safety distance corresponding to eddy current interference
of HVDC ground electrode to buried pipelines under different
soil resistivities, pipeline lengths, pipeline anti-corrosion
insulations, earth currents of ground electrode and pipeline
sizes. Finally, the influence laws of above mentioned factors on
the interference degree of HVDC ground electrode were
analyzed. And the following research results were obtained. First,
the influence of pipeline length on the interference degree of
HVDC ground electrode is great. The longer the pipeline, the
greater the safety distance. When the pipeline is equal to or
longer than 600 km, however, the safety distance is basically the
same. Second, the effect of pipeline coating on the interference
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degree of HVDC ground electrode is great. As the coating
surface resistivity increases, the safety distance increases
gradually. Third, for multi-layer soil structures, the maximum
single-layer resistivity can be taken as the overall resistivity. And
correspondingly, the calculated safety distance is the longest,
and the evaluation result is more conservative. In conclusion, the
safety distance diagrams of the pipelines with 4 lengths which
are obtained based on the calculation results can be used as
reference in the design of HVDC ground electrode and pipelines,
as well as the basis for selecting the safety distance of HVDC
ground electrode or buried pipelines to be constructed.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: A price-system network of natural gas production, supply,
storage and sales, as the key and foundation to guarantee the
longterm and stable supply of natural gas, has been completed
in recent years with the overall thought of "Holding the Middle
and Letting Go of Both Ends", i.e., on the one hand natural gas
price marketization reform has been promoted; on the other
hand such natural monopoly sections as transmission and
distribution prices have been highly supervised. Although such
achievements have been made, there are still many
imperfections that need to be improved urgently, for this
network does not meet the requirement of natural gas industry
and market development. In view of this, based upon an
overview of this network's present status, we analyzed and
discussed the existing problems and put forward the
corresponding proposals as follows. (1) As for the unresolved
serious loss in gas imports, the gate prices of imported gas
should be all opened to make those loss-making import
enterprises survive; (2) An S-curve formula should be adopted to
complete the benchmarking pricing formula of gate prices. (3)
As for the dispute in the price floating policy, seasonal
differential price policy should be promoted to complete the gas
storage peak-shaving pricing mechanism. (4) The depreciation
years of pipeline assets should be reasonably determined to
decrease the transmission and distribution prices.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In this paper, a finite element model with girth weld defects
considering crack tip singularity was established in order to
facilitate the accurate and rapid safety assessment on girth weld
defects of long-distance gas line pipes. Then the J-integral of
girth weld cracks in line pipes with different defect sizes was
calculated, and the influence of weld matching coefficient and
material hardening index on J-integral is analyzed. Furthermore,
the factors affecting the limit load of pipelines with defects
based on the J-integral theory were studied. Based on this, the
engineering calculation formula which can calculate J-integral
and limit load rapidly in the situations with specific matching
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coefficient and material hardening index was proposed. And the
following research results were obtained. First, the engineering
calculation formula based on the fitting of finite element
calculation results is of higher accuracy, and it can calculate the
J-integral in the geometry range of large defects and the limit
load of the pipes with girth weld cracks. Second, the J-integral of
cracks in line pipes with girth weld defects is closely related to
defect size, material properties and weld matching coefficient,
and the limit load of pipes with defects decreases with the
increase of crack size and increases with the increase of material
hardening index. Third, for the X80 pipes with surface cracks at
the centerline of the girth weld, the load carrying capacity of the
line pipe with low-strength matched weld (matching coefficient
< 20%) is lower than that with high-strength or equivalent-
matched weld (matching coefficient > 20%). In conclusion, the
research results can be used as reference for the safety
evaluation and integrity management of in-service gas pipelines.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Productivity evaluation of natural gas reservoirs is an important
part of comprehensive reservoir logging interpretation.
However, the currently adopted gas saturation cannot effectively
characterize the gas-bearing property of natural gas reservoirs.
In this paper, the limitations of gas saturation in the evaluation
of natural gas reservoir productivity were analyzed. Then, based
on the quantity of natural gas and the ideal gas state equation, a
new parameter for quantitative evaluation of the gas-bearing
property of reservoirs was proposed, i.e., relative molar volume
of gas, and its determination method were provided. Finally,
logging evaluation was carried out on a certain well in the tight
sandstone gas reservoir of the Sulige Gas Field in the Ordos
Basin. What’s more, its relative molar volume of gas was
calculated, and the application effect was analyzed. And the
following research results were obtained. First, the relative molar
volume of gas is controlled jointly by porosity, saturation, pore
pressure and natural gas compressibility factor, and the accurate
calculation of pore pressure and natural gas compressibility
factor is the core of determining the relative molar volume of
gas. Second, there is no one-to-one corresponding relationship
between the gas saturation of a reservoir and its gas-producing
capacity. In some conditions, reservoirs with high gas saturation
are not always productive. On the contrary, reservoirs with
relatively moderate gas saturation may also be highly
productive. Third, the relative molar volume of gas can precisely
reflect the absolute gas content of a reservoir. In addition, its
application in identifying the gas-bearing level of a reservoir is
remarkable, and its value can directly indicate the gas-bearing
property of a reservoir. In conclusion, the research results
provide a new idea for the comprehensive interpretation of
natural gas logging.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Gas field water produced from sour gas fields contains sulfides
to varying degrees, which can not only corrode pipelines, gas
field water treatment equipment, injection wellbore, etc., but
also bring safety risks when the sulfides escape in the form of
hydrogen sulfide with the change of temperature, pressure or
pH values. In order to control the sulfide content of gas field
water and satisfy the requirements of safe and clean
development of gas fields, we investigated the content and
treatment status of sulfides in gas field water produced from
sour gas fields in Sichuan and Chongqing areas. Then, the
escape laws of hydrogen sulfide from sour gas field water with
typical concentration were simulated, calculated and
experimentally verified. Finally, the sulfide control indexes and
treatment measures in gas field water were recommended. And
the following research results were obtained. First, gas field
water with a sulfide content higher than 200 mg/L shall be
stored, transported and treated in a completely sealed
environment to meet the safety, occupational health and
environmental requirements of a workplace. Second, the content
of sulfides in the re-injected gas field water shall be controlled
below 20 mg/L to minimize sulfide corrosion on ground
facilities, transmission pipelines and injection wellbores and keep
the content of escaping hydrogen sulfide under an unsealed
condition far lower than the limit values of occupational health
contact and environment emission stipulated in national
standards. Third, the desulfurization process used for sour gas
field water shall take full consideration of the sulfur-bearing
characteristics and treatment objective of gas field water. And it
is necessary to select one-stage or multi-stage desulfurization
process based on operation economy and reliability, so as to
realize efficient and economical desulfurization.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to determine the soak time of shale gas wells after
fracturing, it is necessary to predict the influence of shale's
fracturing fluid imbibition capacity on the fracture initiation and
propagation under reservoir conditions during well shut-in. In
this paper, according to the fracture closure criterion, the closure
state of fracture was analyzed based on the triaxial stress test
results of Changning Block. Then, the maximum circumferential
stress and the maximum effective shear stress under tensile
failure and shear failure were calculated according to the tensile
and shear initiation criteria of open fracture. And combined with
the results of the triaxial and uniaxial compressive strength tests
and the uniaxial Brazilian splitting tensile strength test, the
threshold pressure of fracture initiation was obtained. Finally, the
reasonable soak time of shale gas wells in the Longmaxi Fm of
Lower Silurian in Changning Block, Sichuan Basin was discussed.
And the following research results were obtained. First, after the
fracturing of shale gas well in the Longmaxi Fm in Changning
Block, the micro-fractures in the reservoir remain open during
well shut in. Second, the stress state of the fractures under
reservoir conditions is very complicated, and even the open
fractures may suffer shear failure. Third, when the fracture dip is
0°, the maximum circumferential stress value is obtained at the
fracture tip, and the corresponding fracture initiation angle is 0°,
which means that fracture initiation and propagation will be
along the direction of the maximum horizontal principal stress,
and that when the fluid pressure inside the fracture is lower than
70 MPa, tensile fracturing will not happen any longer. Fourth,
when the fracture dip is 0°, the corresponding maximum
effective shear stress is, obtained and the fracture initiation
angle is 55°. When the fluid pressure inside the fracture is lower
than 60 MPa, shear fracturing will not occur any longer. Fifth, if
full play should be given to the stimulation effect of fracturing
fluid during well shut-in after fracturing, the reasonable soak
time after fracturing in the Longmaxi Fm of the Changning Block
shall be 5-10 days.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the Ordos Basin, the Ordovician developed multi-stage
platform edge reefs and beach deposits. The thick and massive
dolomite of the Zhuozishan Fm of Middle Ordovician has been
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widely studied, but the thin-medium dolomite of the Kelimoli
Fm of Middle Ordovician is seldom studied. Based on outcrop,
core, thin section observation and well logging interpretation
results, and through the analysis of the development
background of reservoir of the Kelimoli Fm in this area, the
petrological characteristics, pore structure characteristics,
reservoir physical properties and geochemical characteristics of
the Kelimoli Fm were studied. Based on the data of carbon and
oxygen isotopes, strontium isotopes, rare earth elements, trace
elements and cathode luminescence etc., the dolomite genesis
and reservoir genesis models in this area were confirmed, and
the dolomite reservoir distribution of the Kelimoli Fm in this area
was predicted. The results indicate that: (1) there are three types
of dolomite reservoirs in the Kelimoli Fm: intercrystalline pore,
dissolution pore and cave, and fracture. The pore throats of
intercrystalline pores and dissolution pores and caves which are
the main reservoirs are evenly distributed with better porosity
and permeability; (2) the main dolomite reservoir of the Kelimoli
Fm is mainly formed by shallow burial metasomatism, and part
of it has undergone deep burial hydrothermal transformation
during the later stage; (3) high-frequency sequence and buried
dolomitization control the reservoir development of the Kelimoli
Fm. Hereinto, the ancient sedimentary terrain formed by tectonic
movement controls the planar distribution of the beach, while
the short-term fluctuation of sea level controls the longitudinal
difference of the reservoir, and buried dolomitization
strengthens the rock skeleton and pore preservation. It is
concluded that the discontinuous dolomite reservoir of the
Kelimoli Fm in this area is mainly distributed along the platform
edge in an SN direction, with a thickness of 0.8-43.0 m and a
total area of 6 512 km, which makes it possible to form an
effective scale reservoir.
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Abstract: There are abundant hydrocarbon resources in the western
subsag of Bozhong sag in the Bohai Bay Basin, where oil-gas
discoveries have been made in those shallow Neogene and
Paleogene reservoirs and deep Mesozoic buried hill reservoirs,
but no better understandings have yet been achieved in terms
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of the process of hydrocarbon accumulation and the relationship
between deep buried hill reservoirs and the allocation of shallow
reservoirs. Based on the organic geochemical analysis of source
rocks and basin modeling of hydrocarbon generation evolution,
distribution characteristics of fluid inclusion and homogeneous
temperature measurement, combined with the characteristics of
oil-source biomarkers, the process of hydrocarbon accumulation
in this study area was resumed based upon the regional tectonic
background. The following findings were obtained. (1) There are
3 sets of source rocks in the third and first members of
Paleogene Shahejie Fm, and the second lower member of
Paleogene Dongying Fm; the reservoirs in the peripheral uplift
zones include Mesozoic volcanic rocks, Archean metamorphic
rocks, and Paleogene-Neogene delta-fluvial porous sandstones.
Hydrocarbon generated in this sag migrated along the fault
unconformity surface to the slope before accumulated in the
peripheral tectonic zones, resulting in 3 sets of source-reservoir-
caprock assemblages formed with the characteristics of reservoir
formation in compound oil and gas accumulation zones. (2) The
stratum in the third member of Shahejie Fm is the main source
rock. (3) The above three assemblages went through four
periods of generating process during the geological time of 11-1
Ma. Vertically hydrocarbon sources first filled in the deep
Mesozoic and Archean reservoirs, then migrated and
accumulated in the shallow Neogene and Paleogene reservoirs,
where multiple shore-term rapid filling of high-temperature
fluids led to this typical oil and gas pooling mode.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The Xujiahe Formation of Upper Triassic in the central Sichuan
Basin is an extensive low-abundance tight sandstone gas
reservoir with large-scale natural gas reserves, but its production
difficulty is high and development benefit is low. In order to
improve its development benefit, it is in urgent need to solve the
technical difficulty of predicting and precisely characterizing
sweet spots. In this paper, the gas reservoir of the second
Member of Xujiahe Formation in the Penglai area of the Central
Sichuan Basin was taken as an example. Firstly, the reservoir
characteristics and the geological control factors of gas well
productivity were summarized. Then, the geological
characteristics and seismic response characteristics of three
types of faults were defined, and their control action on sweet
spots was investigated. Finally, combined with the seismic
processing results, the sweet spots in the second Member of
Xujiahe Formation in the Penglai area were characterized
precisely. What's more, the application effect and prospect of
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this achievement were analyzed. And the following research
results were obtained. First, the reservoir in the second Member
of Xujiahe Formation in the Penglai area is a low-porosity and
extra-low-permeability tight sandstone reservoir and its matrix
sandstones are poor in preserving and permeating quality, so
the fault-associated fracture is the key factor of high gas yield.
Second, in the Xujiahe Formation are developed NW striking
reverse faults, which are mainly formed in the Yanshan period
and overlapped and finally shaped in the Himalayan period.
Third, all faults disappear downward in the Leikoupo Formation.
And based on the upward disappearance horizons, the faults are
divided into three types. These three types of faults are
obviously different in reservoir control effects. Fourth, type I
fault disappears upward in the principal producing pay, i.e., the
third Submember of second Member of Xujiahe Formation, and
its reworking effect on tight sandstones is significantly superior
to the other two types of faults. The abnormal development belt
of its associated fracture ranges in width from several hundred
to several thousand meters. Its controlled hydrocarbon
accumulation system of the third Submember of second
Member of Xujiahe Formation is optimally matched in the
hydrocarbon accumulation elements of source rock, reservoir
and cap rock. It controls hydrocarbon enrichment and high yield.
Fifth, the fault-controlled fracture development belt presents
abnormal characteristics in the conventional seismic section, e.g.
bad break and chaotic waveform in the large area. Sixth, there
are 17 sweet spots of reservoir body under the control of type I
faults, which cover an area of 32.96 km and have an estimated
gas in place of 82.4×10 m. In conclusion, the research result
provides support for the following well deployment in the gas
reservoir of the second Member of Xujiahe Formation in the
Penglai area, presenting a promising application prospect.
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Abstract: In the development of low-permeability oil and gas fields with
high temperature, high pressure (HTHP), and high acid gas
content, the general approach is acid stimulation through an
integrated pipe string. In some oil and gas wells, frequent pipe
string failures occur during acidification and production. For the
purpose of analyzing the corrosion behavior of tubulars in acid
environments and the causes of mechanical performance
degradation, HTHP circular flow testers were used together with
metallurgical microscopy, scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDS), and mechanical
performance testing technologies; weight loss experiments and
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mechanical performance tests were carried out in HTHP kettles
for corrosion evaluations and tensile mechanical performance
testing on commonly-used P110 tubulars and G3 nickel-base
alloy tubulars to evaluate the corrosion degree, corrosion
behavior, and mechanical performance change rules of these
tubulars during oil and gas production and under different acid
conditions. The study results are as follows. (1) During oil and
gas production and under different acid conditions, the
corrosion rate of nickel-base alloy is much lower than that of
carbon steel. (2) With the increase of acid density, the corrosion
rates of both nickel-base alloy and carbon steel increase and are
greater than 0.076 mm/a which is specified in the NACE
Standard RP0775-2005. (3) With the increase of acid density, the
number of corrosion pits increases and the corrosion product
film becomes thicker on the surface of the nickel-base alloy; and
the corrosion product film falls off from the surface of alloy
samples in 10% and 20% acids. (4) The mechanical performance
of the acidized carbon steel and nickel-base alloy degrades,
which becomes more significant as the acid concentration and
acid treatment time increase. The degradation of the nickel-base
alloy is more significant than that of the carbon steel. The
following conclusions are made. (1) Acid treatment should be
conducted by separate acidizing string and production string, or
the acid time should be properly controlled to avoid pipe string
corrosion. (2) Nickel-base alloy tubulars are recommended for
exploitation.
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Abstract: In the process of staged fracturing in an open-hole horizontal
well, an open-hole packer contacts the cuttings bed when it
goes down to the open-hole horizontal section. As a result, the
running friction resistance is increased gradually. And on the
other hand, the cuttings accumulated in front of the packer tend
to result in sand sticking and wear the packer rubber, which may
lead to the deterioration of setting performance and the failure
of the packer. In this regard, this paper designed and
manufactured a simulation experiment device to research the
effect of the cuttings on the running process of the packer into
the open-hole horizontal sections. Then, based on the
experimental results, the original packer was structurally
improved and sand dredging grooves applied to an open-hole
packer was designed. And the following experimental results
were obtained. First, in the process of running into the hole, the
open-hole packer is supported by the cuttings pile to contact
the upper wall, resulting in a sharp increase of friction resistance
and then sand sticking. And the friction resistance applied on
the packer increases with the increase of running displacement
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and cuttings content. Second, after the packer is equipped with
the structure of the sand dredging groove, cuttings flow through
the sand dredging groove. As a result, the cuttings accumulation
in front of the packer and the friction resistance on the packer
running through the hole are reduced, and consequently the
wear of packer rubber is diminished. Third, the number of sand
dredging grooves in the improved packer model has a
significant effect on sand dredging and friction reduction. In this
experiment, the sand dredging effect is the best when the
number of sand dredging grooves is up to 5. In conclusion, the
research results provide a research idea and laboratory
experiment basis for the further structure optimization of open-
hole packers.
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Abstract: For the sake of improving the reliability of the method for well
pattern density optimization of tight sandstone gas reservoir
and effectively demonstrate the relationship between well
pattern density and recovery factor, the well interference
probability curve of the target study area in the Sulige Gas Field
was plotted by establishing the calculation method for well
interference probability. Then, a new method suitable for well
pattern density optimization and recovery factor evaluation of
tight sandstone gas reservoirs was established. Finally, this new
method was applied in three encryption test areas of the Sulige
Gas Field. And the following research results were obtained.
First, the well interference probability of tight sandstone gas
reservoir is heavily dependent on the well pattern density. With
the increase of the well pattern density, the well interference
probability presents a gradual increasing trend. And the well
interference probability doesn't reach or approach to 1 until the
well pattern density reaches a higher value. Second, in the three
encryption test areas of the Sulige Gas Field, the economically
optimal well pattern density is in the range of 2.6-3.1 wells/km,
and its corresponding recovery factor is 36.6%-39.8% and
corresponding well interference probability is 28%-33%, while
the economic limit well pattern density is in the range of 5.2-6.6
wells/km, and its corresponding recovery factor is 46.8%-49.8%
and corresponding well interference probability is 83%-89%.
Third, the well interference probability corresponding to the
economically optimal well pattern density of tight sandstone gas
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reservoir in the Sulige Gas Field is about 30%, and that
corresponding to the economic limit well pattern density is
about 85%. In conclusion, by virtue of this new method, the
economically optimal well pattern density and the economic
limit well pattern density and their corresponding recovery
factors can be calculated, so as to realize the well pattern
optimization and recovery factor evaluation of tight sandstone
gas reservoirs. The research results can provide theoretical
support for the economic and efficient development of the
Sulige Gas Field, and useful reference for the benefit
development of the same type of gas reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The existing prediction models for gas threshold pressure
gradients can not accurately describe the variation of gas
threshold pressure gradients with gas continuity. In order to
solve this problem, this paper improved the experimental
process of gas threshold pressure gradients. Based on this, the
standard cores of a carbonate reservoir of Lower Triassic
Feixianguan Formation in the Puguang Gas Field of the Sichuan
Basin were selected for the experiment of gas threshold pressure
gradients. Then, a new model for predicting the gas threshold
pressure gradients while taking into consideration the rock
permeability and gas continuity comprehensively was
established, and the prediction results of the gas threshold
pressure gradient predicting models established based on
different gas continuity characterization parameters were
compared and analyzed. Finally, based on the logging
interpretation results of the gas wells in this reservoir, the gas
threshold pressure gradients of different types of reservoirs were
predicted using the gas threshold pressure gradient predicting
model established on the basis of relative movable gas
saturation. And the following research results were obtained.
First, the relative movable gas saturation takes into
consideration the influence of irreducible water saturation and
residual gas saturation on gas continuity, and compared with
water saturation, it can describe the gas continuity in porous
media more accurately. Second, gas threshold pressure
gradients increase with the decrease of rock permeability or
relative movable gas saturation, and when permeability or
relative movable gas saturation is lower, they rise sharply with
the decrease of permeability or relative movable gas saturation.
Third, the gas threshold pressure gradients of type I reservoirs in
the main gas reservoirs of the Puguang Gas Field are lower with
a magnitude order of 0.01 MPa/m. The gas threshold pressure
gradients of type Ⅱ reservoirs are higher than those of type Ⅰ
reservoirs, while the gas threshold gradients of type Ⅲ reservoirs
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rise sharply. In conclusion, the gas threshold pressure gradient
predicting model established based on relative movable gas
saturation can describe more accurately the variation laws of gas
threshold pressure gradients with rock permeability and gas
continuity. These research results lay a foundation for the correct
understanding of the seepage laws of the gas-water two-phase
flow in water drive gas reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In this paper, one pipeline in the southwestern China was taken
as the research object to study the influence of a UHVDC
transmission system in the operation mode of monopole ground
return on the buried steel line pipes nearby. A variety of
cathodic protection testing technologies, including cathodic
protection effectiveness testing, pipe-to-soil potential
monitoring, in-pipe current monitoring and pipe corrosion
monitoring, were applied along the whole pipeline to
continuously test the pipe corrosion and cathodic protection
parameters in the discharge process of grounding electrode.
Then, the influence degree of the UHVDC in earth on the line
pipes and the effectiveness of the corrosion control measures
were investigated. And the following research results were
obtained. First, in the process of discharge, corrosion protection
measures (such as potentiostat and drainage zinc strip) play an
active role in mitigating pipe corrosion, but corrosion still
happens in some pipeline sections. Second, the discharge of
grounding electrode of the line pipes in this area interferes the
whole pipeline with the maximum current in the regional pipe
4.84 A, the maximum negative shift of pipe-to-soil potential -4
853 mV, the maximum positive shift +568 mV and the maximum
corrosion rate of the pipe wall 0.049 mm/a, which are beyond
the control target of the pipeline design. Third, the discharging
of UHVDC grounding electrode has a greater impact on line
pipes. In conclusion, the research results can provide data
support for the compilation of testing and evaluation criteria on
the influence degree of UHVDC in earth on buried steel line
pipes.
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Abstract: Liquid load has huge adverse effects on the borehole stability of
a gas well. However, the existing liquid load detection
techniques are somewhat limited in practical application. For the
purpose of clarifying the liquid-carrying mechanism of two-
phase flow in the wellbore with a higher liquid production rate, it
is necessary to accurately diagnose the presence of liquid
loading in the wellbore and reasonably formulate the production
measures of the gas well. On the basis of previous studies, this
paper established a new model for diagnosing the liquid-
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carrying conditions of gas-liquid two-phase vertical pipe flow
according to the law of energy conservation. Then, by
comparing with field practice statistics and indoor experimental
data, the accuracy of the new model was verified. Finally, the
new model was applied to analyze the liquid-carrying condition
of one certain liquid-producing gas well. And the following
research results were obtained. First, when the liquid production
rate is lower, the critical liquid-carrying gas rate calculated by
the new model is much lower than the calculation result of the
Turner model. Second, with the increase of the liquid production
rate, the critical liquid-carrying gas rate calculated by the new
model increases gradually. And the higher the pressure is, the
more obvious the increase of the critical liquid-carrying gas rate
is. Third, from the perspective of flow pattern, the gas-liquid
two-phase vertical pipe flow can be divided into 5 kinds,
including bubble flow, slug flow, transition flow, wave flow and
annular mist flow. When the two-phase flow is transition flow,
wave flow or annular mist flow, there is no liquid loading in the
wellbore. In conclusion, the calculation result of the new model
is basically accordant with field practice statistics and indoor
experimental data, and its diagnostic conclusion conforms to the
actual situations. Obviously, this model is of universality and
provides a theoretical support for the diagnosis of liquid-
carrying condition and the prevention of fluid loading in liquid-
producing gas wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

19

Main heading: Two phase flow

Controlled terms: Boreholes  -  Energy conservation  -  Flow patterns  -  Gases  -
 Liquids  -  Loading  -  Natural gas well production  -  Natural
gas wells  -  Oil field equipment  -  Pipe flow   -  Transition flow

Uncontrolled
terms:

Calculation results  -  Diagnostic conclusion  -  Energy
conservation law  -  Gas rates  -  Gas well  -  Law of energy
conservation  -  Liquid loading  -  Wellbore

Classification
code:

511.2 Oil Field Equipment - 512.2.1 Natural Gas Fields - 525.2
Energy Conservation - 631.1 Fluid Flow, General - 691.2
Materials Handling Methods

DOI: 10.3787/j.issn.1000-0976.2019.09.008

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

91.
Accession

number:
20193907482147

Title: An integrated production-supply-storage-marketing system
for natural gas development in the Sichuan Basin: Innovation



2020/6/21 Print Record(s)

154/361

and achievements

Title of
translation:

四川盆地天然气产业一体化发展创新与成效

Authors: Ma, Xinhua ; Hu, Yong ; Wang, Fuping

Author affiliation: PetroChina Southwest Oil & Gasfield Company, Chengdu;
Sichuan; 610051, China

Natural Gas Economic Research Institute, PetroChina
Southwest Oil & Gasfield Company, Chengdu; Sichuan; 610051,
China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 7

Issue date: July 25, 2019

Publication year: 2019

Pages: 1-8

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: Natural gas industrial integration development has been
gradually developed by the CNPC and PetroChina over the past
six decades in the Sichuan Basin. As a unique economic
development strategy and management mode adapting to the
development characteristics and environment of regional natural
gas industry, it includes industrial chain integration and
cooperative innovation development, integrative technological
innovation support and integrative management innovation
guarantee, and so on. From many successful field practices,
achievements have been obtained as follows. (1) Collaborative
integration helps promote the construction of reserves and
production increase projects, helping to build the first domestic
giant 10-billion-m-gas field and create the benefit growth pole
of unconventional resources such as shale gas. (2) Integration
leads steady development and safe supply of natural gas market,
helping to establish the most mature natural gas market and the
most perfect natural gas regional transmission and distribution
pipeline system in China. (3) Integration enhances the vitality
and motivation of science and technology innovation, helping to
form a series of natural gas exploration and development
technologies with unique characteristics of this basin and
construct a perfect R&D system of scientific and technological



2020/6/21 Print Record(s)

155/361

innovation in natural gas industry. (4) Integration stimulates the
regional economic society and harmonious and stable
development, helping to promote the optimization and
development of energy structure in Sichuan-Chongqing region,
and improve the ecological environment and construction of
ecological civilization in Sichuan-Chongqing region. In
conclusion, under the present situation of market-oriented
reform of China's natural gas industry, this specific integration
development mode, with needs for inheritance and
development in such special areas with highly coincident
resources and markets like the Sichuan Basin, can help promote
not only the coordinated and stable development of regional
natural gas industry chain, but the construction of natural gas
production, supply, storage and marketing system in China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to maintain the stable production of low-yield gas wells,
it is crucial to accurately predict the onset of liquid loading and
take the technical measures of drainage gas recovery in time. In
this paper, domestic and foreign prediction and numerical
simulation methods used for liquid loading in gas wells were
extensively investigated and summarized. Then, the methods
which are currently used to interpret the liquid loading in gas
wells were analyzed comprehensively, including liquid-droplet
reversal model, liquid-film reversal model and gas-well stability
analysis method. Finally, the research progress in the transient
numerical simulation of gas wells with liquid loading was
illustrated. And the following research results were obtained.
First, the calculation results of different liquid-loading prediction
models and the critical liquid-carrying gas rates of gas wells in
different gas reservoirs are greatly different. The mechanism of
liquid loading in gas wells is not only caused by single liquid
reversal phenomenon, but also the joint effect of formation and
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wellbore. Second, in interpreting the dynamic liquid level of gas
well, the liquid reversal theory is contrary to the basic rule of
gas-liquid two-phase pipe flow. The dynamic liquid level of gas
well is related to the transient disturbance of gas well. Based on
above studies, the development direction of the studies on the
mechanism of liquid loading in gas wells was pointed out as
follows. Establish a reasonable wellbore pressure fluctuation
model on the basis of the numerical reservoir simulation, and
take it as the inner boundary condition. Carry out experimental
and theoretical studies on formation-wellbore coupling. Reveal
the control mechanisms of liquid loading in different types of
reservoirs, and establish liquid-loading prediction model
correspondingly so as to provide theoretical basis and technical
support for the design of drainage gas recovery of gas wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to provide basis for further exploration and deployment
of volcanic gas reservoirs in the Sichuan Basin, we classified
Permian volcanic rocks in this basin using drilling, mud logging,
assay, logging and seismic data comprehensively. Then, the
lithological characteristics, lithofacies characteristics, lithofacies
distribution and reservoir characteristics of different types of
volcanic rocks were studied. Besides, the main factors controlling
the development of volcanic reservoirs were determined. And
the following research results were obtained. First, volcanic rocks
in the Sichuan Basin can be comprehensively classified into 4
categories (i.e., volcanic lava, vocaniclastic lava, volcaniclastic
rocks and sedimentary volcaniclastic rocks), and basalt, breccia
lava, tuffaceous breccia lava, tuff, sedimentary tuff are mainly
developed. Second, 3 types of volcanic lithofacies are extensively
developed in the Sichuan Basin, including overflow facies,
effusive facies and volcanic sedimentary facies. Overflow facies is
mainly dominated by basalt, effusive facies is mainly composed
of volcaniclastic lava, and volcanic sedimentary facies is mainly
composed of tuff and sedimentary tuff. Third, volcanic reservoirs
are lithologically composed of breccia lava and basalt. Breccia
lava reservoirs are pore-type reservoirs of moderate porosity
and low permeability with devitrified micropores and dissolution
pores as main reservoir space. In basalt, fractures and dissolution
pores are mainly developed, and they are porous-fractured
reservoirs with lower matrix porosity. Fourth, the factors
controlling volcanic reservoirs mainly include lithology,
lithofacies, later fluid alteration and tectonism. Volcaniclastic
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lava is devitrified in the process of rapid condensation, and a
great number of dispersion-shape micropores are formed to
provide favorable conditions for further dissolution and pore
enhancement in the later stage. Post-diagenesis effect (e.g.
dissolution) and fracture development make the reservoir
properties better. In conclusion, the areal distribution of volcanic
reservoirs in the Sichuan Basin is mainly controlled by the
lithofacies. Porous-fractured basalt reservoirs are mainly
developed in the Ya'an-Leshan-Pingshan area in the
southwestern Sichuan Basin, and pore-type vocaniclastic lava
reservoirs are mainly developed in the Chengdu-Jianyang-Santai
area.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The deep shale gas reservoirs of Upper Ordovician Wufeng-
Lower Silurian Longmaxi Formation in the Dingshan area of the
southeastern Sichuan Basin have a great burial depth and
complicated geologic features, so the fracturing technologies
that are used for medium-shallow shale gas reservoirs are not
suitable for their stimulation. In this paper, "double sweet spot"
zones of shale gas were selected by combining engineering and
geological research. The horizontal well fracturing technology
suitable for deep shale gas reservoir was developed. And the
fracturing mode suitable for medium-shallow shale gas
reservoirs was improved. In addition, the improved fracturing
mode and technology were applied in 3 deep shale gas wells in
the Dingshan area. And the following research results were
obtained. First, the deep shale gas reservoirs in the northwest of
the Dingshan area have the characteristics of "double sweet
spot" of geology and fracturing, and the development of natural
fractures and bedding fractures provides a favorable condition
for the formation of complex fracture networks after fracturing.
Second, a combined fracturing mode of "pre acid + gel +
slickwater + gel" was developed for the "double sweet spot"
zones. In this mode, high-viscosity slickwater is adopted to
increase the sand-carrying capacity of liquid and enhance the
fracture-creating effect, the fracturing technology of "controlling
the near and extending the far" can increase the effective
stimulated reservoir volume far from the well, and the ultra-high
pressure facility can increase the fracturing displacement and the
net pressure in fractures. Third, after reservoir stimulation, 3
deep shale gas wells present remarkable stimulation results, and
their shale gas production rate during the testing is in the range
of 10.50×10-20.56×10 m/d. In conclusion, the improved
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fracturing mode and technology can provide a technical method
for the stimulation of deep shale gas reservoirs in the Dingshan
area, as well as a support for the breakthrough of exploration
and development of deep shale gas r eservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In-line inspection is one of the most effective technical measures
to ensure the safety of oil and gas pipelines. However, the
extensive application of oil and gas pipelines of high-carbon
steel, large diameter, high pressure and high flow rate in recent
years brings about new challenges to in-line inspection. In this
paper, we investigated the engineering application of new
technologies and equipments, including the in-line inspection
technology based on electrocmagnetic detector array, the
extremely low frequency transient weak signal detection
technology and new in-line inspection equipments. Then, the
new technology and equipment of electrocmagnetic detector
array were developed by applying the active emission and
receiving of electromagnetic signal to inspect the metallic
defects. Finally, noisy signals were inspected on the basis of
Duffing chaotic oscillator, and thus the inspection of extremely
low frequency signals in the noise was realized. In addition, the
new method and equipment of extremely low frequency
transient weak signal detection were developed and verified in
actual inspection engineering. And the following research results
were obtained. First, the in-line inspection technology based on
electrocmagnetic detector array uses the synergetic effect
between DC exciting magnetic field and high-frequency exciting
magnetic field, so a perturbation response can be realized even
by small signal excitation. Second, with the introduction of a
novel compressive sampling of acquisition information
composition, the speed bottleneck of in-line detector is broken
through, and a new world record of the inspection speed of the
electrocmagnetic detector array is set up, i.e., 8 m/s. Third, under
the condition of high-speed movement, the received signals of
in-line detector are weak and temporary while tracking and
positioning outside the pipeline. And by virtue of the extremely
low frequency transient weak signal detection method based on
chaos, this technical bottleneck is broken through, and the
signalto- noise ratio (SNR) of transient weak signal in the
process of real-time inspection is decreased below -10 dB. In
conclusion, the superior performance of these new equipments
has already been verified in the inspection engineering of in-
service oil and gas pipelines. These research results will provide
technical and equipment support for the safe operation of
domestic main oil and gas pipelines.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The Weiyuan Shale Gas Field (hereinafter, "Weiyuan Block" for
short) is located in the Changning-Weiyuan National Shale Gas
Demonstration Region, Sichuan Basin. In the Weiyuan Block, gas
wells even on the same platform are quite different in
production performance. And so far, the main factors controlling
the gas production rate of shale gas wells in this block and the
effectiveness of their development technologies and measures
have not been understood clearly. In this paper, 6 horizontal
wells on PT2 platform in the Weiyuan Block were taken as the
research objects. Aiming at the differences of production
performance between these gas wells, this paper analyzes the
high-quality shale drilling length, dip direction of horizontal
section, length of fracturing interval, number of fracturing
stages, sand volume and bottom-hole liquid loading to figure
out the main factors affecting the gas production rate of shale-
gas horizontal wells. Then, it proposes the targeted development
measures and suggestions. And the following research results
were obtained. First, high-quality shale drilling length is the
material and geological guarantee for the high yield of gas wells,
and length of horizontal fracturing interval, number of fracturing
stages/clusters and sand volume are the main engineering
factors. Second, in the early production stage of shale gas wells,
the produced gas contains liquid with higher water-gas ratios.
When gas production rate is lower than the critical liquid-
carrying flow rate, the effect of bottom-hole liquid loading on
gas production rate and wellhead pressure cannot be ignored.
Third, it is recommended that small tubing (ID≤62 mm) be
applied to low-yield wells. When the upward inclined well has
low production, skid-mounted drainage gas recovery tools and
measures shall be adopted as early as possible to release gas
well productivity. And when the downward inclined well has low
production, the production method of decreasing tubing
pressure shall be adopted to prevent the early bottom-hole
liquid loading.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Exploration of volcanic gas reservoirs in the Sichuan Basin is
faced with a series of difficulties, e.g. fewer wells, difficult
identification of lithology and lithofacies, undefined reservoir
distribution, and unmatched seismic prediction technology of
reservoirs. In order to characterize the favorable lithofacies of
volcanic rocks in the Sichuan Basin, to qualitatively and
quantitatively predict reservoirs, we carried out seismic imaging
quality processing on the target layers of volcanic rocks based
on low-frequency amplitude-preserved processing, and
interpreted and characterized the distribution range of volcanic



2020/6/21 Print Record(s)

169/361

rocks by establishing the seismic reflection model of volcanic
rocks. Then, the seismic facies model of volcanic rock was
established based on the seismic response characteristics of
volcanic rocks in the southwest of the Sichuan Basin to identify
the volcanic edifices and characterize the favorable lithofacies of
volcanic rocks. Finally, wave impedance inversion of the volcanic
reservoirs in Well Block Yongtan 1 and qualitative and
quantitative reservoir prediction were conducted based on facies
control. And the following research results were obtained. First,
the seismic data processing method based on low-frequency
amplitude-preserved processing is effective in improving the
image quality inside volcanic rocks and their underlying
formations. Second, the identification mode of Permian volcanic
rocks is continuous strong peak refection or discontinuous
moderate peak reflection at the top boundary and weak
reflection at the bottom boundary. And 5 types of seismic
reflection characteristics and 3 seismic facies of volcanic rocks
(effusive facies, overflow facies and volcanic sedimentary facies)
are identified. Third, in the Jianyang-Santai area, effusive facies is
extensively distributed. Near-crater effusive facies developed in
the most favorable reservoirs is distributed in the dotted form
along the northeast with an area of 1 500 km, and far-crater
effusive facies developed in the secondary favorable reservoirs
covers an exploration area of 6 000 km. Fourth, favorable
reservoirs in Well Block Yongtan 1 cover an area of 600 km and
their thickness is between 10 m and 200 m. They are mainly
distributed in Chengdu-Jianyang area with a huge natural gas
exploration potential. In conclusion, the matching technologies
developed in this paper (e.g. the seismic data processing based
on low-frequency amplitude-preserved processing, the lithology
and lithofacies identification and interpretation of volcanic rock,
and the facies-control wave impedance inversion) are suitable
for the prediction of Permian volcanic reservoirs in the Sichuan
Basin, and they provide a technical support for oil and gas
exploration in this field.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Significant discoveries have been made in the gas exploration of
layered-like dolomite reservoir of the Middle Permian Maokou
Fm in eastern Sichuan Basin. However, no consensus has been
reached on the genesis and distribution of dolomitization in this
formation, which restricts the exploration and deployment of
natural gas in this area. For clarifying the direction of natural gas
exploration in the Maokou Fm in this area, based on the
petrographic and geochemical characteristics of core and
outcrop samples, the dolomite reservoir characteristics, genesis
and main controlling factors in the Maokou Fm were studied,
and the dolomite development pattern was established. The
results show that: (1) the Maokou Fm dolomite is mainly
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developed in the middle and lower part of the third member of
the Maokou Fm, generally in a layered or stratoid style. The
lithology is mainly fine-medium crystal dolomite, siliceous
dolomite, and bioclastic dolomite etc. The reservoir physical
properties are better, and there are mainly two types of reservoir
space developed: pore and hydrothermal dissolution fracture-
cave; (2) different features are shown in trace elements and their
contents, strontium isotope ratios and inclusion homogenization
temperatures of between dolomite and saddle dolomite in the
matrix of the Maokou Fm, which indicates that the formation
fluids or periods of the above two types of dolomite differ
greatly. The early hydrothermal sedimentation formed the matrix
dolomite, and the late hydrothermal dissolution reformation
formed the saddle-like dolomite filled with fractures and caves;
(3) the development and distribution of the dolomite in the
Maokou Fm are jointly controlled by the bioclastic beach,
hydrothermal sedimentation and basement faults. Among them,
the bioclastic beach is the base of developing dolomite
reservoir, hydrothermal sedimentation formed early layered
matrix dolomite, and basement faults provided migration
channels for later Mg-rich hydrothermal fluids and improved
reservoir performance. The research results are of great
significance to deepening the understanding of the genesis and
distribution of the Maokou dolomite reservoir in the eastern
Sichuan Basin.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The existing cement slurry settlement stability test methods
cannot describe the process of settlement. To improve the
accuracy and scientific nature of cement slurry settlement
stability tests, we designed a micro-pressure fluctuation tester to
test the pressure fluctuation at each segment of slurry column
under the coupling condition of water loss and settlement. And
based on this, we evaluated the upper-lower density difference
of the slurry, and analyzed the stability of the cement slurry at
different viscosities, temperatures, water losses, solid particles
and thixotropy. And the following research results were
obtained. First, the settlement process of cement slurry can be
divided into high speed period, low speed period, stable period
and weightlessness period, and the water loss in the high speed
period can reduce the upper-lower density difference of the
slurry. Second, the larger the water loss, the lower the viscosity.
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For the materials of the same type, the greater the water-solid
ratio, the greater the density difference and the poorer the
settlement stability. Third, the effect of temperature on the
settlement stability is irregular due to the synergetic effect of
water loss reducer. The effect of the water loss reducer of high
molecular polymer type is stronger than that of film-forming
type. Fourth, increasing the thixotropy of cement slurry can
improve its settlement stratification. The shorter the formation
time of bonding strength, the better the effect. In conclusion,
compared with the conventional method for evaluating the
settlement stability of cement slurry, this new method can
describe the whole process of sedimentation and it takes the
effect of water loss on settlement into consideration, so it can
reflect the actual downhole situations more accurately.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Fine identification and division of lithofacies types of continental
shale strata is an important basis for the evaluation of shale gas
exploration and development potential. At present, however,
there is no consensus on the identification standard and division
scheme of shale lithofacies. Taking the continental shale strata
of Middle and Lower Jurassic in the Sichuan Basin as an example,
this paper established a lithofacies division method by means of
core observation, whole-rock mineral X-ray diffraction analysis,
thin section analysis, total organic carbon (TOC) measurement
and helium porosity measurement after analyzing whole-rock
mineral composition and shale characteristics. Then lithofacies
types of shale strata were identified and divided, and
characteristics of lithofacies assemblages in different scales were
investigated. Finally, their significance for shale gas exploration
was discussed. And the following research results were obtained.
First, 20 shale lithofacies types of 6 categories are totally
identified in this continental shale strata using the newly
established three-step lithofacies division method (whole-rock
mineral composition partition-TOC classification-correction and
improvement of mineral structure and sedimentary structure).
And among them, medium-high TOC clay shale lithofacies,
lamina-thin layer clay shale lithofacies and low-medium TOC
silty shale lithofacies are dominant, followed by low-medium
TOC shell limy clay shale lithofacies, and TOC bearing and low
TOC silty clay shale lithofacies. Second, the average TOC and the
porosity of clay shale lithofacies and shell limestone clay shale
lithofacies are higher than those of silty and silty clay shale
lithofacies. It is indicated that mineral composition and
lithofacies types of shale have a certain impact on gas source
and reservoir performance. Third, three assemblages are
identified in the continental shale strata, including mudstone-
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limestone assemblage, mudstone-sandstone assemblage and
mudstone-limestone-sandstone assemblage, which reflect the
sedimentary characteristics of distal region, proximal region and
transition region in the lacustrine environment, respectively; and
that the characterization of different lithofacies assemblages is
conducive to recognizing the differences between different shale
sedimentary environments. Fourth, fine identification and
statistic of the number and frequency of limy shell laminae and
thin layers in the terrestrial organic rich shale with a high clay
mineral content can provide a basis for the fracturability
evaluation of gas rich zones and the selection of optimal
exploration and development intervals.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Once a blowout accident happens during oil and gas well drilling
operation, the key to the formulation of a well-killing emergency
plan is to accurately measure and determine the height of
blowout liquid columns when the rescue personnel cannot
approach to the wellhead directly to access the wellhead
pressure parameters. To this end, this paper developed a
method for measuring the height of the blowout liquid columns
by virtue of the image processing technology based on the
OpenCV computer vision library. The method includes the
following three parts. First, use a CCD camera on a rescue boat
to shoot the blowout liquid columns for continuous transient
imaging. And each time the blowout liquid column is shot, take
3 photos after rotating it by 120° respectively. Second, images
are pre-processed using histogram equalization and high-
frequency emphasis filtering, and then they are binarized by
means of the modified Otsu algorithm to define the outline of
the blowout liquid columns. Third, the boundary points and
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holes in the binary images are processed by virtue of
mathematical morphology operation, and the actual heights of
the blowout liquid columns are calculated using the reference
object method. The following results were obtained by
conducting indoor simulation experiments. First, this method
has a high accuracy in the identification of the blowout liquid
column with an error about 6%, and it can measure the height of
the blowout liquid column more accurately. Second, in the
process of the experiments, the average time for processing one
image is 0.86 seconds, which can meet the requirements for the
real-time identification and measurement of the blowout liquid
columns after an accident happens. In conclusion, this method is
feasible to measure the heights of blowout liquid columns.
When it is used for the programmed processing of the blowout
images, the heights of blowout liquid columns can be measured
continuously in real time after the blowout in the offshore
drilling platform is out of control, and the key parameters
related to the blowout can be acquired for the first time, so as to
provide a basis for the formulation of a well-killing emergency
plan.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In carrying out shale gas exploration in new areas and new
strata, outcrop samples are usually adopted for reservoir
evaluation, but uncertainty exists when the pore systems in
underground shale are evaluated based on the pore structures
of weathered outcrop samples. What's more, how weathering
alters shale pores is not figured out yet. In order to clarify the
influence of weathering on the pores in black shale, this paper
conducted comprehensive characterization and comparative
analysis on the outcrop samples of different weathering levels
and downhole core samples from the Niutitang Formation of
Lower Cambrian in northern Hunan province using Ar-ion
milling, field emission scanning electron microscope and gas
adsorption techniques. Then, the alteration effect of weathering
on the pores in black shale was discussed. And the following
research results were obtained. First, the dissolution pores of
carbonate mineral/feldspar, inter- crystal pores within pyrite
aggregates, organic matter-hosted pores and micro-fractures
are more developed in outcropping shale than in underground
shale. Second, with the increase of weathering degree, the shale
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porosity increases and the specific surface area decreases firstly
and then increases. Third, the weathering effect of shale mineral
occurs in a certain order. The dissolution of unstable minerals
and the oxidation of pyrite happen first, the oxidation of organic
matter takes the second place, and the last is the loosening and
breaking of matrix minerals. Fourth, the weathering degree of
shale can be classified into three levels, i.e., weak, medium and
high. The secondary pores in the shale of weak weathering level
are mainly derived from the dissolution of carbonate minerals
and feldspar and the oxidation of pyrite, and its porosity is up to
12%. The organic matter in the shale of medium weathering
level is mostly oxidized, so its porosity is up to 30%. The shale of
high weathering level mainly undergoes the loosening of matrix
minerals (e.g. clay) and the gradual development of micro-
fractures until rocks break. In conclusion, the research results are
conducive to the application of outcrop research in shale gas
reservoir evaluation and provide support for the shale gas
exploration in new areas and new strata.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Analyzing the distribution characteristics and formation laws of
hydrothermal alteration minerals and travertine in hot spring
areas can indicate the hydrogeochemical environment in deep
strata and reveal the dissolution and precipitation laws of
minerals in the evolution process of geothermal field, which is of
great significance to the development and utilization of
geothermal resources. In this paper, Zhacang geothermal field in
the Guide Basin was taken as the research object. In-situ rock
samples and water samples in the Guide Basin were adopted to
simulate the interaction between recharge water source and
geothermal reservoir rock at different temperatures. The
simulation was carried out using the high temperature and high
pressure reactor under the condition of reservoir pressure. Then,
the change laws of the mineral compositions in geothermal
reservoirs and the chemical compositions of reaction liquid after
water-rock action were analyzed. Finally, the experimental
chemical reaction process was simulated using the software
TOUGHREACT, the hydrogeochemical evolution laws in the long
time scale were predicted, and the formation mechanisms of
hydrothermal alteration minerals and travertine in this area were
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explored. And the following research results were obtained. First,
the water-rock reaction between Gangyi Spring and reservoir
rocks in the Guide Basin generates calcium montmorillonite,
chlorite and illite. Illite is transformed from calcium
montmorillonite, and chlorite is converted from mica mineral or
potassium feldspar. In addition, temperature has a significant
effect on the conversion rate of minerals. Second, the simulation
results at three temperatures (90 ℃, 120 ℃ and 150 ℃) for 100
years show that chlorite is the product in the initial stage of the
reaction, and its appearance indicates that the water-rock
reaction there is not balanced yet. Third, the effect of
temperature on the conversion rate of minerals is obvious. The
higher the temperature is, the faster sodium feldspar and
montmorillonite deposit and potassium feldspar dissolves.
Fourth, a high content of Ca and HCO3 is the necessary
hydrochemical conditions for the formation of travertine, and
the surface travertine in this area is thermogenic. In conclusion,
the dissolution and precipitation laws of hydrothermal alteration
minerals reveal the possibility that there is a self-closed system
in the Zhacang geothermal field. The research results provide a
theoretical support for reconstructing geothermal reservoirs by
means of acidic chemical stimulation and developing deep
geothermal resources in the future.
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Abstract: There are multiple belts of normal pressure, high pressure and
overpressure in the north section of Longmenshan fault zone in
the northwestern (NW) Sichuan Basin. The previous studies on
the "pressure compartment" in this area usually took the
distribution of overpressure belts in the Sichuan Basin as the
basis for defining the range of "pressure compartment", but
rarely paid attention to the evolution of pressure compartment
and its relationship with hydrocarbon accumulation. In this
paper, the compositions of the Middle Triassic- Paleozoic
pressure compartment in NW Sichuan Basin were described and
its formation process was reproduced by means of well-seismic
joint interpretation, Easy%Ro thermodynamic model and
balanced profile technology. Based on this, the formation and
evolution process of the gas reservoirs of Middle Permian Qixia
Fm and Middle Devonian Guanwushan Fm in the pressure
compartment was studied. And the following research results
were obtained. First, there is an authigenic abnormal pressure
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compartment in the Middle Triassic-Paleozoic in NW Sichuan
Basin, which is bounded by No.1 buried fault on the west,
Jiulongshan structure on the east, the piedmont fault fold belt
along the southern margin of Micangshan paleo-uplift on the
north and the southern section of Shuangyushi structure belt on
the south. This pressure compartment is divided into two sub-
compartments (i.e., east and west compartment) with the central
line of Jiulongshan structure through Shuangyushi structure belt
as the boundary. Second, the farther this pressure compartment
is from Longmenshan fault zone, the higher the overpressure
degree is. There is a distinct pressure difference between the
pressure compartment and the environment. And the pressure
coefficient inside the compartment is between 1.4 and 2.0 and
that outside the compartment is normal. Third, the Paleozoic
pressure compartment was formed in the early stage of
Indosinian movement and its current pattern emerged after
being adjusted by Yanshan movement and Himalayan
movement. Fourth, oil and gas reservoirs of Middle Triassic-
Cambrian are the reservoirs which were formed inside the
pressure compartment in the Himalayan stage. There are
multiple sets of source kitchens inside the pressure
compartment, which provide sufficient gas sources, with the roof
and the barriers having strong sealing capacity, and the source-
reservoir matching relationship is good. And hydrocarbon
preferentially accumulates in the high-quality reservoir which is
closer to the roof of the pressure compartment. In conclusion,
the Paleozoic deep-seated marine reservoirs in this area have
extensive oil and gas exploration potential. And among them,
Qixia Fm in Shuangyushi-Zhongba area is the most favorable
exploration series of strata, and Guanwushan Fm is the potential
favorable exploration series of strata.
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Abstract: A shear ram is of great significance to ensuring the safe
operation of oil/gas well drilling and production, but the
mechanical properties of the ram itself in the shearing process
are rarely researched. Based on the basic motion law of the
shear ram, combined its structural and operating parameters
comprehensively, a model for solving the stress on the cutting
edge was established corresponding to three stages (i.e., shear
point contact, cutting and penetrating the drill pipe) according
to the wedge stress theory. Then, based on the novel shear ram,
the numerical simulation and indoor shear experiment were
carried out on CT90 coiled tubing to understand the variation
laws of ram stress and shear point stress in the shearing process.
And the following research results were obtained. First, when the
shear point doesn't contact with the CT90 coiled tubing, the
stress at the V-shaped angular center of the ram is the largest,
and that at the shear point is extremely small. Second, when the
shear point just touches the CT90 coiled tubing, the
phenomenon of stress concentration occurs in the vicinity of the
shear point of the ram cutting edge. Third, when the shear point
cuts into the CT90 coiled tubing, the stress on the shear point
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and on both sides of the wedge edge is the largest, reaching the
strength limit of the ram (1 050 MPa). Fourth, when the shear
point enters the annulus after penetrating the CT90 coiled
tubing, the ram stress on both sides of the junction between the
cutting edge chamfer and the vertical plane is the largest. Fifth,
After the CT90 coiled tubing is cut, crack damage occurs in the
vicinity of the shear point of the ram cutting edge. In conclusion,
the research results can better reflect the stress state of the ram
cutting edge and its interaction with the drill pipe in the
shearing process, and can provide an important reference for
the design, manufacturing and the correct field application of
shear rams.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In recent years, relevant authorities have successively issued
strict control indicators on the tail gas emission of sulfur
recovery facilities, so standard tail gas emission from the sulfur
recovery facilities in natural gas purification plants is faced with
enormous pressure and severe challenges. In this paper, the SO2
emission standards of natural gas purification plants in Canada
and America were compared, and the formulation status of
domestic SO2 emission standards was analyzed. Then, the
existing tail gas processing units in natural gas purification
plants were analyzed and compared technologically and
economically with the PetroChina Southwest Oil & Gasfield
Company as an example. Finally, the transformation process was
recommended in consideration of technological advancement
and economical rationality comprehensively. And the following
research results were obtained. First, the domestic indicator of
sulfur recovery ratio of natural gas purification plants is much
higher than that in Europe and America. Second, considering the
characteristics of all natural gas purification plants in this
company, 4 transformation schemes are proposed, including
solvent upgrading & operation parameter optimization,
transformation of SO2 absorption technology based on organic
amine method, transformation of liquid-phase complex iron
oxidation/reduction technology, and shut down. And the
transformation investment is expected to be CNY 559 million.
Third, as for the natural gas purification plants with higher sulfur
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recovery rates (>200 t/d), it is recommended to select the
technologies of reduction absorption. Fourth, as for the natural
gas purification plants with moderate sulfur recovery rates (5-
200 t/d), it is recommended to select the SO2 absorption
technology based on organic amine method. Fifth, as for the
natural gas processing facilities whose potential sulfur rates of
feed gas are low (<10 t/d), it is recommended to adopt the l
iquid-phase oxidation/reduction technology. In conclusion, tail
gas emission from all sulfur recovery facilities of this company
can satisfy the national SO2 emission standard and reach the
international advanced level after they are transformed by
means of the recommended te chnologies.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Sustainable development of natural gas industry will be a
strategic choice and endogenous needs to adapt to the
requirements of energy revolution, to construct modern energy
system, and to achieve the goal of Beautiful China. Previous
researches mainly focusing on environment analysis, situation
judgment and policy proposal are not applicable to the unique
integration and sustainable development process of natural gas
industry. In view of this, based upon the coupling of natural gas
industry chain system and sustainable development system, this
paper established a sustainable development mechanism model
of natural gas industry to discuss the robust operating
mechanism of this sustainable development system. The
following findings were achieved. (1) Stable operation and
balanced development of the sustainable development system
of natural gas industry will rely on a synergistic combination of
gas resource safety guarantee mechanism, gas market allocation
system, green development system, and harmonious
development system. (2) The gas resource safety guarantee
mechanism shall be realized by the intensive management of
logistics chain, responsibility chain and management chain. (3)
The natural gas market allocation system shall fully consider
competition, price and supervision mechanisms. (4) The green
development mechanism of natural gas industry chain shall be
composed of green development system and policy system,
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eco-development system of industrial chain technology and
green development cultural system. (5) The natural gas
harmonious development system shall dependent on the
individual responsibility and joint efforts of enterprises,
consumers and government. In conclusion, the synergy of the
above four mechanisms shall provide a support for the orderly
evolution and transition of t he sustainable developing coupling
system of natural gas industry.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The mud film thickness on the outer surface of casing and its
distribution laws are important factors affecting the cementation
quality at casing-cement interfaces. So far, however, the
distribution laws of mud film thickness on the outer surface of
casing at different inclinations and its effect on the interfacial
cementing strength have never been reported in literatures. In
this paper, the mud film thickness at different parts on the outer
surface of simulated casing (steel pipe) was measured at the
inclination of 0°, 30°, 60° and 86°, respectively, using the
independently designed experimental device. Then, the
distribution law of mud film thickness on the outer surface of
casing and its effect on the interfacial cementing strength were
summarized. And the following research results were obtained.
First, when the inclination increases from 0° to 86°, the mud film
thickness changes from uniform distribution to thin-and-thick
distribution, and the area proportions of thinner and thicker
mud films both increase. And especially at the inclination of 86°,
the mud film thickness on the upper surface is very large, and
there are large exposed areas on the left and right surfaces of
the steel pipe. Second, the cementing strength at the casing-
cement interface of the exposed casing is much higher than that
at the interface with mud film. And with the increase of
inclination, the cementing strength at the interface with mud
film tends to increase. Third, with the increase of inclination, the
interfacial cementing strength increases successively, which is
closely related to the area proportion of the exposed steel pipe
to the solid mud film on the outer surface. In conclusion, the
exposed area of the simulated casing on the outer surface is a
key factor affecting its interfacial cementing strength.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to make corrosion inhibitors applicable to the harsh
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working conditions of acidizing construction in high-
temperature deep wells and improve their comprehensive
performance of corrosion inhibition at high temperature, this
paper took the combination of Mannich base quaternary
ammonium salt and quinoline quarternary ammonium salt as
the main inhibitor, and synergistically selected and prepared
auxiliaries, e.g. synergists and auxiliary solvents. Then, the
formula design of composite acid corrosion inhibitor XAI-180
with high temperature resistance was completed by means of
orthogonal experiments. Finally, the corrosion inhibition
performance of XAI-180 was evaluated by virtue of the
weightlessness method and electrochemical test and analysis
method. And the following research results were obtained. First,
the combination of a self-made Mannich base quaternary
ammonium salt inhibitor and a quinoline quaternary ammonium
salt inhibitor presents an obvious synergistic effect, and the
inhibition effect is the best when their ratio is 21:5. Second, the
corrosion inhibitor XAI-180 with high temperature resistance is a
kind of a mixed control inhibitor, which can inhibit both cathodic
and anodic reactions. Third, when 5% acid corrosion inhibitor
XAI-180 is added, under the temperature of 180 ℃, the
corrosion rate of N80 steel sheet is 70 g/(m•h) in the
conventional acid system with hydrochloric acid concentration
of 20%, and 92.3 g/(m•h) and 95.8 g/(m•h) respectively in the
system with 0.4% and 0.8% gallant. It is concluded that acid the
corrosion inhibitor XAI-180 with high temperature resistance has
the advantages of good compatibility and strong corrosion
inhibition in a gelling acid system with hydrochloric acid
concentration of 20% at 180 ℃, and it can meet the needs of
acid fracturing in the reservoirs above 180 ℃.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Laboratory hydrate formation process simulation and its physical
property evolution monitoring within the sediment provides a
theoretical support for determining the dynamic revolution
behaviors of actual hydrate reservoirs. In view of this, based on
the ITS electrical resistance tomography (ERT) module, a
dedicated apparatus was developed to simulate the in-situ core-
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scale distribution of natural gas hydrate directly during the
process of hydrate formation and dissociation in artificial
sediments. Beach sand was used as porous media to simulate
the formation of methane hydrate and assess the 2-D ERT
evolution characteristics simultaneously. The findings were
obtained. (1) The apparent average resistance values of hydrate-
bearing sediment system are determined by the combination of
hydrate forming rate and salt-removing effect, showing
fluctuation rise behaviors during the process of hydrate
formation. (2) When the hydrate forming rate is high enough,
hysteresis influence of salt-removing effect on apparent average
resistance value is observed. After the hydrate formation, there
still exists a mass transfer process controlled by the difference of
salt ion concentration. (3) Difference between original and real-
time ERT distribution indicates a heterogeneous formation
process of hydrate within the sediments. In conclusion, initial
gas-water contact relationship and distribution is the virtual
factors for hydrate heterogeneous distribution behaviors, while
that of spatial difference of ion concentration caused by the salt-
removing effect plays a key role in promoting local hydrate
formation position change.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: A "sofigenthcarbon formation" is a subsurface pool of
hydrocarbons contained in the rock formations that can be
easily broken into irregular fractured bodies when the
mechanical environment changes. Typically, it happens on low
overall strength rocks with anisotropic property of seepage and
stress, such as coal, carbonate, unconsolidated sandstone or
fractured tight sandstone, shale. Due to the strong
heterogeneity of fractured reservoirs in the vertical direction, it is
difficult to reflect the overall reservoir damage degree caused by
working fluids by testing the permeability change of a single
core plug before and after the intrusion of working fluids. To this
end, this paper took advantage of the Darcy's law to
theoretically discuss the feasibility of replacing the permeability
with the flow rates to quantitatively characterize the reservoir
damage degree. Then, the flow test experiments were carried
out on single-layer development, double-layer joint
development and three-layer joint development to evaluate the
overall damage degree of single-layer and multi-layer reservoirs
by working fluids. Finally, the flow damage degree was
compared with the permeability damage degree to verify the
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feasibility of replacing permeability with flow rates. And the
following research results were obtained. First, during the single-
layer development, the flow-rate damage and the permeability
damage are basically accordant, and the permeability damage
degree is a special form of the flow-rate damage degree.
Second, during the double-layer and three-layer joint
development, the steady flow-rate damage degree of each layer
is close to the permeability damage degree, and the flow-rate
damage rate can quantitatively characterize the overall damage
degree of jointly developed reservoirs, but the permeability
damage degree cannot. Third, the steady flow-rate damage
degree is closer to the permeability damage degree than the
cumulative flow-rate damage degree. In conclusion, the
determination of steady flow rates can be used as the substitute
of permeability measurement to evaluate the damage degree of
fractured reservoirs by working fluids, so as to provide a method
and a basis for optimizing the engineering technology and
evaluating the adaptability of working fluids.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: After more than ten years of exploration and practices, the shale
gas resources above the burial depth of 3 500 m in the southern
Sichuan Basin has stepped into the stage of scale development.
The sublayers of target layers in the shale gas reservoirs of
Upper Ordovician Wufeng Formation-Lower Silurian Longmaxi
Formation are defined, but how to realize batch optimal and fast
drilling of horizontal well by means of mud-logging support
technologies is currently one of the key issues to be
investigated. To this end, the characteristics of shale gas
reservoir of the Wufeng Formation-Longmaxi Formation in the
Sichuan Basin were firstly analyzed in this paper. Then, combined
with the mud-logging results of over 100 shale gas wells, a
series of researches were carried out from the aspects of shale
gas reservoir identification, sublayer division and evaluation
method, and the mud-logging acquisition parameters suitable
for shale gas evaluation were selected. In this way, the mud-
logging support technologies for the identification and
evaluation of shale gas reservoirs are developed. And the



2020/6/21 Print Record(s)

211/361

following research results were obtained. First, the combination
of element logging and gamma-ray energy spectrum logging
can subdivide the target shale gas layers effectively, and
combined with the gamma ray while drilling, it can assist the
geosteering effectively, so as to ensure the targeting success
ratio of shale gas horizontal wells and the timely adjustment of
horizontal section trajectories. Second, the comprehensive
application of element logging, gamma-ray energy spectrum
logging, nuclear magnetic resonance logging and gas logging,
combined with the shale gas reservoir evaluation criterion, can
realize the division and quantitative evaluation of shale gas
reservoirs and provide the support for the geosteering of
horizontal wells. Third, the field application effect verifies that
the mud-logging support technologies developed in this paper
expand the application scope of mud logging technologies. By
virtue of these mud-logging support technologies, shale gas
reservoirs can be identified and evaluated quickly, the drilling
operation in this area is under effective guidance, and the
drilling rate of shale gas reservoirs is improved.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

16

Main heading: Petroleum reservoir evaluation

Controlled terms: Energy resources  -  Gamma rays  -  Gases  -  Horizontal wells  -
 Infill drilling  -  Mud logging  -  Nuclear magnetic logging  -
 Petroleum prospecting  -  Petroleum reservoirs  -  Radioactivity
logging   -  Shale gas  -  Spectroscopy  -  Stratigraphy

Uncontrolled
terms:

Evaluation while drillings  -  Geosteering  -  Sichuan Basin  -
 Silurian  -  Stratigraphic division

Classification
code:

481.1 Geology - 481.4 Geophysical Prospecting - 511.1 Oil Field
Production Operations - 512.1.1 Oil Fields - 512.1.2 Petroleum
Deposits : Development Operations - 522 Gas Fuels - 525.1
Energy Resources and Renewable Energy Issues - 931.3 Atomic
and Molecular Physics

Numerical data
indexing:

Size 3.50e+03m

DOI: 10.3787/j.issn.1000-0976.2019.08.005

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

128.
Accession

number:
20193207284610

Title: Numerical simulation of rock breaking by PDC cutters in hot
dry rocks

Authors: Zhu, Xiaohua ; Dan, Zhaowang



2020/6/21 Print Record(s)

212/361

Author affiliation: School of Mechatronic Engineering, Southwest Petroleum
University, Chengdu; Sichuan; 610500, China

Geothermal Energy Research Center, Southwest Petroleum
University, Chengdu; Sichuan; 610500, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 4

Issue date: April 25, 2019

Publication year: 2019

Pages: 125-134

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: Penetrating through hot dry rocks for geothermal resources with
high geothermal gradients, high degrees of hardness and
abrasivity will be extremely difficult, and a reasonable tooth
distribution is a key factor to improve its rock breaking
efficiency. In order to explore an available cutter arrangement
design of PDC cutters in hot dry rock drilling, we, based on
elastic-plastic mechanics and rock mechanics, established a
dynamic 3D numerical simulation model of rock breaking with
PDC cutters by using the Drucker-Prager yield criterion as the
rock strength judgment principle. On the basis of this, we
studied, under the confining pressure of 60 MPa, the effects of
cutting depth, temperature, back rake angle and cutting speed
on the mechanical specific energy of PDC cutters. The following
results were achieved. (1) When a PDC cutter cuts a rock with the
speed of 0.5 m/s and the back rack angle of 5°-25°, the rock
destruction specific energy of the cutter decreases significantly
with the rise of cutting depth, while increases first and then
decreases with the increasing temperature. And the critical
temperature is 200℃. (2) When a PDC cutter cuts a rock with the
speed of 0.5 m/s and the cutting depth of 1-3 mm, the rock
destruction specific energy of the cutter decreases first and then
increases with the increase of back rack angle. And the optimal
rack angle is 20°. (3) Within the temperature range of 20-300℃,
a PDC cutter cuts a rock with the back rack angle of 5°, the rock
destruction specific energy of the cutter increases with the
cutting speed but decreases with the increase of cutting depth.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of 32



2020/6/21 Print Record(s)

213/361

references:

Main heading: Rocks

Controlled terms: Computer simulation  -  Cutting  -  Diamond drills  -
 Elastoplasticity  -  Geothermal fields  -  Geothermal wells  -
 Numerical models  -  Rock drilling  -  Rock mechanics  -
 Temperature

Uncontrolled
terms:

Geothermal exploitation  -  Hot dry rock  -  Mechanical specific
energies  -  PDC cutters  -  Rack angle  -  Rock breaking
efficiencies  -  Yield criteria

Classification
code:

481.3.1 Geothermal Phenomena - 483.1 Soils and Soil Mechanics
- 641.1 Thermodynamics - 723.5 Computer Applications - 921
Mathematics

Numerical data
indexing:

Pressure 6.00e+07Pa, Size 1.00e-03m to 3.00e-03m, Velocity
5.00e-01m/s

DOI: 10.3787/j.issn.1000-0976.2019.04.017

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

129.
Accession

number:
20193207285100

Title: Theoretical insights, core technologies and practices
concerning "volume development" of shale gas in China

Authors: Jiao, Fangzheng

Author affiliation: China National Petroleum Corporation, Beijing; 100007, China

Corresponding
author:

Jiao, Fangzheng (lindp@cnpc.com.cn)

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 5

Issue date: May 25, 2019

Publication year: 2019

Pages: 1-14

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency



2020/6/21 Print Record(s)

214/361

Abstract: In recent years, major exploration breakthroughs and
subsequent booming development of marine shale gas in both
Upper Ordovician Wufeng and Lower Silurian Longmaxi Fms in
the Sichuan Basin and its surroundings highlight the strategic
importance for the theoretical innovation and technological
advances of natural gas in China. A number of key theories and
technologies, such as continuous hydrocarbon accumulation and
horizontal well volume fracturing, and so on, have contributed
to the large-scale development of shale gas fields such as
Shunan, Fuling, etc., in Sichuan Basin. Based on China's
geological conditions, industrial practices and current limitations
in executing the full-scale development of shale gas, a new
concept called "volume development (VD)" has been proposed.
Under the framework of this theory, man-made volumetric
fracture network systems are established through the
combination of horizontal well drilling and transverse hydraulic
fracturing through which gas flow become much more efficient
due to the lateral flow superimposed by vertical fracture flow.
VD has become a very efficient development model for shale
gas because it can make natural gas in the volume affected by
the man-made fracture network system become commercial
reserves, and be produced more cost-effectively. VD includes
five core technologies, i.e. integrated evaluation of "sweet
areas", "optimization design of well patterns for volume
development", "optimization and trajectory design of horizontal
well drilling in target window", "massive fracturing technology
for horizontal wellbores", "design of production system and
platform-based well factory-like management". The VD theory
and technology provides important theoretical basis and
technical support not only for the present three-dimensional
development of shale gas in Changning, Fuling and other nearby
blocks, but for the overall utilization of unconventional oil and
gas resources such as continental, transitional marine and
continental facies shale gas. It is believed that VD will have
broad application prospects in shale gas development.
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Abstract: It is of important significance to study the evolution law of the
riverbed near underwater crossing line pipes for ensuring the
safe operation of oil and gas pipelines and reducing the risk of
damage by water flood disasters. In order to clarify the evolution
law of the riverbed near underwater crossing line pipes and its
negative effects, this paper conducted flume model experiments
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on underwater crossing line pipes. The physical process of
riverbed evolution near pipes was observed and the effect of
hydrodynamic conditions on the local pipe scour was studied.
What's more, the formation mechanism of local scour at
underwater crossing line pipes was revealed. And the following
research results were obtained. First, when the water flow is
slow, the riverbed evolution process near underwater crossing
line pipes is mainly divided into six stages, including riverbed
undercutting, pipe exposure, micro-pore formation, scour hole
propagation, pipe suspension and scour equilibrium. Second,
Vortex and seepage flow are the reasons for the local scour of
underwater crossing line pipes. Before pipes are exposed, the silt
around the pipes is reduced by vortex. After pipes are exposed,
micro-pores occur at the pipe bottom under the joint action of
vortex and seepage flow. And thus, local scour is formed. Third,
flow velocity and water depth jointly influence the riverbed scour
duration of each stage and the maximum scour depth at the
pipe bottom. When the Froude number (Fr) is in the range of
0.306–0.808, with the increase of Fr, water flow gets fast, the
maximum scour depth at the pipe bottom increases, the
duration for scour equilibrium decreases, the riverbed
undercutting depth increases and the riverbed topographically
gets flatter. The maximum scour depth at the pipe bottom is 0.9
–1.6 times the pipe diameter, and the duration for scour
equilibrium is between 1 650 min and 2 620 min. In conclusion,
the experimental results provide important reference for
predicting the burial depth of underwater crossing line pipes
and ensuring their safe operation.
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Abstract: Well Lu 203 is an important ultradeep shale gas exploration well
which is deployed by the CNPC in the Luxian-Changning Shale
Gas Block of the southern Sichuan Basin. Its total well depth is 5
600 m and its daily gas production during the test is 137.9×10
m. At present, it is domestic first shale gas well whose single-
well daily production is over one million cubic meters. In this
paper, Well Lu 203 was taken as an example to provide the
technologies and experience for the fast and efficient drilling of
deep shale gas wells. After the drilling requirements based on
reservoir characteristics were analyzed, the comprehensive
support technologies of fast and efficient drilling to ensure the
wellbore quality, high-quality reservoir drilling rate and fast
drilling of shale gas horizontal wells and reduce the complex
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accident rate were summarized and their application effects
were evaluated. And the following research results were
obtained. First, rotary steering tools, combined with drill string
torsion system can reduce the sliding directional drilling footage,
successfully control the backing pressure of drilling tools and
greatly save the orientation assistance time. Second, the four
measures which were taken to reduce the vibration of the
drilling tools can well solve the problem of screw failure during
horizontal section drilling and increase the rate of penetration
(ROP) further. Third, the near-bit gamma measurement system is
used to track the reservoirs in real time and control the drilling
trajectory in the high-quality production layers so as to ensure
the high-quality shale drilling rate. Fourth, the application of
well-equipped drilling equipment and high-density oil-based
drilling fluid ensures the dynamic of the downhole power drilling
tool and the purification of the drilling fluid performance,
satisfies the need of sand carrying in the wellbore, guarantees
the smooth flow of the wellbore, maintains the stability of the
wellbore, and plays an important role in ROP improvement. In
conclusion, according to the technical idea of geology-
engineering integration, Well Lu 203 is drilled in the mode of
drilling the vertical pilot hole first and then sidetracking the
horizontal well, and its high-quality reservoir drilling rate is up to
100%. The implementation of the Well Lu 203 further improves
the support drilling technologies for the fast and efficient drilling
of ultradeep shale gas horizontal wells in the new blocks of the
Sichuan Basin.
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Abstract: Bottomhole rock burst caused by fracture trap high pressure in
tight sandstone during nitrogen drilling is the root cause of the
vicious blowout accident in Well QL1. In order to restore the
sound development of gas drilling technology, it is in an urgent
need to analyze the mechanisms of rock burst systematically and
establish the accurate understanding. In this paper, the
mechanisms of bottomhole rock burst were studied using
conventional wellbore instability analysis methods after the
properties of the rocks at the bottomhole were analyzed and the
fracture plane stress of the rocks at the bottomhole was
calculated. Then, the dynamic evolution of rock burst was
simulated with the help of Visual Basic language and Matlab
software programming. Finally, abnormal change of logging
monitoring parameters of Well QL1 was analyzed. And it is
indicated that as the bottomhole gradually approaches the
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fracture trap high pressure, the difference value between
circumferential stress of surface plane and radial stress increases
gradually; and that the increase of shear stress caused by the
difference value of the principal stresses leads to shear failure or
tension failure at the fracture plane until the failure zone is
connected with the wellbore, then high pressure gas swarms
into the wellbore with a lot of rock debris, releasing a large
amount of energy, and consequently bottomhole rock burst
happens and displaces upward to compress the drilling tools. In
conclusion, the research results systematically explain the
abnormal change of logging monitoring parameters of Well QL1
and the analysis methods provide a theoretical basis for
bottomhole rock burst prevention and control.
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Abstract: During the conventional coring in shale gas reservoirs, a large
amount of gas is lost, so it is difficult to estimate the lost gas
content accurately. And consequently, the evaluation of shale
gas content is deviated more from the real values. In this paper,
the applicability of existing estimation methods for lost shale
gas content calculation was firstly evaluated. Then, a critical
desorption time method suitable for estimating the lost shale
gas content was developed based on the gas diffusion principle
in the process of core extraction. Afterwards, based on the
measured desorption data of conventional coring samples of
one shale gas well from the 7 Member of Yanchang Formation
of Upper Triassic, Mesozoic in the Ordos Basin, the lost shale gas
content was calculated by using the USBM method, polynomial
function method and critical desorption time method,
respectively. Finally, the calculation results were compared with
the measured gas content of the pressure coring samples from
the same horizon in this well. And the following research results
were obtained. First, there is a linear relation between the
cumulative desorbed gas and the square root of the diffusion
time before the critical desorption time, and the slope of the
trend line is the same. After this time point, there is a late non-
equilibrium dif fusion stage, when the collected desorp - tion
data present that the non-linear relation and the desorption
curves are parallel to each other. Second, the shale gas content
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calculated by the critical desorption time method was closer to
the measured shale gas content of pressure coring samples. In
conclusion, the critical desorption time method is more
applicable to shale gas content testing, and it can increase the
calculation accuracy of shale gas content significantly.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Rarefaction effect appears when gas flows in micro- or nano-
scale channels, so it is difficult to accurately predict the real gas
flow rate by using the classical theory. To solve this problem, it is
necessary to establish a more accurate and universal
permeability correction model to describe the flowing behavior
of rarefied gas. In this paper, the gas flow in a parallel
microchannel was numerically simulated using R26 moment
method, and the simulation results were compared with those of
the direct simulation Monte Carlo method (DSMC method) and
R13 moment method. Then, a gas permeability correction model
for parallel microchannels and circular microtubes was
established based on the simulation results of the R26 moment
method, and used to describe the flowing behavior of rarefied
gas in micro-scale channels. Finally, the gas permeability
correction coefficient for different Knudsen numbers was
calculated and compared with the prediction results of the Tang
model, the experimental data and the solution of linearized
Boltzmann equation. And the following research results were
obtained. First, when the R26 moment method is used to
describe the rarefaction effect of gas, its result is accordant with
the calculation result of the DSMC method, and its calculation
accuracy is higher than that of R13 moment method. Second,
the gas permeability correction coefficient which is calculated by
using the higher-order Knudsen's gas permeability correction
model for parallel microchannels is in accordance with the
experimental data and the solution of linearized Boltzmann
equation. Third, the gas permeability correction coefficient
which is calculated by using the higher-order Knudsen's gas
permeability correction model for circular microtubes is
accordant with the solution of linearized Boltzmann equation. In
conclusion, this higher-order Knudsen's gas permeability
correction model is advantageous with high prediction precision
and universality, and it can be used to describe the rarefaction
effect of gas in micro/nano-scale channels.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: When the packer rubber which is mainly used to seal the tubing-
casing annulus is applied on site, it often suffers seal failure and
tear failure. In this paper, a 3D finite element calculation model
for compression packer rubber was established based on the
virtual work principle, Von Mises yield criterion and nonlinear
contact theory to deal with above mentioned problems. By using
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the orthogonal optimization method, the key structural
parameters of packer rubber (length, thickness and chamfering
dimension) were optimized and their optimal combination
scheme was prepared. In addition, the mechanical property of
packer rubber before and after the optimization was analyzed
and compared. And the following research results were
obtained. First, the factors influencing the sealing performance
of packer rubber are ranked from the top to the bottom as
thickness, chamfering dimension and length. Second, the
optimal combination of the key structural parameters of the
packer rubber is: length 80 mm, thickness 20 mm and
chamfering dimension 10 mm. Third, after optimization, the
maximum contact stress between a packer rubber and a casing
is increased by 70.44% on average, the maximum Mises stress of
the packer rubber is decreased by 15.72% on average, and the
compression distance is decreased by 37.82% on average.
Fourth, under the same setting load, the optimized packer
rubber increases the contact pressure between the packer
rubber and the casing and reduces the Mises stress of the
packer rubber itself. In conclusion, the optimized packer rubber
can better satisfy the on-site requirements of sealing
performance and service life.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The BZ19-6 deep buried-hill structural belt in the southwest of
Bozhong Sag, Bohai Bay Basin, is a newly discovered supergiant
oil and gas bearing area. The study on its reservoirs is still in the
early stage, and the characteristics and control factors of
reservoir development are not understood deeply. In this paper,
cores, sidewall cores, rock sections were analyzed and described.
Then, based on regional structural setting, mud logging and
logging data, the buried-hill reservoirs in this area were analyzed
from the aspects of petrological characteristics, reservoir space
types and physical properties, the inherent factors influencing
the development of the reservoirs were discussed, and
distribution laws of the reservoirs were investigated. And the
following research results were obtained. First, the deep buried-
hill reservoirs of this belt are a pan-buried hill reservoir system
composed of the Palaeocene-Eocene Kongdian Fm glutenite in
the upper part and the Archean buried-hill metamorphic granite
in the lower part. A multi-layer reservoir structure of glutenite
pore zone, weathering crust dissolution fracture zone and inner
fracture zone is formed. These reservoirs are complex in genesis
and diverse in type. Second, the Archean buried-hill
metamorphic granite reservoir can be vertically divided into
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weathering crust, inner fracture zone and tight zone, and it
presents the dual characteristics of porous and fractured media.
Third, the buried-hill weathering crust is mainly affected by
strong dissolution and leaching superimposed with fracturing,
forming fractured-porous reservoir space. The reservoir of inner
fracture zone is mainly controlled by the superimposition of
three-phrase fractures, which forms the main development
period of buried-hill fractures since the Yanshanian. Fourth, the
glutenite of Kongdian Fm is a typical sieve deposit and it is
mainly controlled by the late dissolution. Fifth, migmatization
and supercritical fluid cryptoexplosion play a constructive role in
the development of the reservoirs. In conclusion, the
understanding of buried-hill glutenite and metamorphic
reservoir system developed in this belt is conducive to
determining the target and direction of next oil and gas
exploration in this area.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Many hydrocarbon-rich deep subsags are developed in the
periphery of the BZ19-6 deep buried-hill structural belt in the
Bohai Sea area, Bohai Bay Basin, and their hydrocarbon
accumulation conditions are complicated. So far, the organic
geochemical characteristics and main sources of their oil and gas
have not been figured out. In this paper, the geochemical
characteristics of crude oil and natural gas in this belt and those
of the source rocks of hydrocarbon-rich deep subsags around
the buried-hill structure belt were analyzed by means of
geochemical testing technologies, such as saturated
hydrocarbon and light hydrocarbon chromatography,
chromatography-mass spectrometry, detection of natural gas
components and carbon isotope components. Then, the sources
and characteristics of oil and gas in the BZ19-6 deep buried-hill
structural belt were studied systematically by using the oil-
source biomarker analysis technology. And the following
research results were obtained. First, in the peripheral sags of
this belt are mainly developed four sets of source rocks, i.e., the
lower submember of the second Member of Paleogene
Dongying Fm (E2d2), the third Member of Dongying Fm (E2d3),
the first Member of Shahejie Fm (E2s1) and the upper
submember of the third Member of Shahejie Fm (E2s3). Among
them, E2d3 and E2s3 are the principal hydrocarbon source
kitchens. Their organic abundance is relatively high and their
organic matter is of sapropel-prone mixed type. And now they
are in the peak stage of hydrocarbon generation. Second,
natural gas in the Archean deep buried hill and its overlying



2020/6/21 Print Record(s)

236/361

Paleogene Kongdian Fm (E1k) is typical oiltype gas. It presents
the mixed characteristics of natural gas with different maturities
and multiple stages of hydrocarbon accumulation process. Third,
the source of oil and gas in shallow layers is different from that
in deep layers, though they both present the mixed source input
characteristics of three sets of source rocks. The oil and gas in
shallow layers is mainly derived from E2d3 source rocks and
possibly from E2d2 source rocks, while the oil and gas in deep
layers is mainly derived from E2s3 source rocks. In conclusion,
the hydrocarbon source conditions in this area are complex, the
hydrocarbon source is mainly contributed by the E2s3 source
rocks in the hydrocarbon-rich deep subsags in the periphery of
this belt, and the deep condensate gas reservoirs are
characterized by multi-stage oil-type gas input.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In Well MJ4, Tarim Basin, the testing tubing string is 6 617 m
long and the bottom-hole pressure during the testing is 101.63
MPa. During the completion job, plastic deformation occurs in
the tubing string, so it is very necessary to figure out at which
stage of the completion job plastic deformation occurs on earth.
For this reason, the three-dimension finite element analysis
method was used to perform numerical calculations for the
deformation of tubing string and the distribution of axial stress
based on three typical load conditions (setting load, fracturing
load, and well testing load of Well MJ4); a process for calculating
the mechanical behavior of a completion and testing tubing
string containing an expansion joint was then developed. The
study content mainly includes: (1) A criterion was developed to
determine the extension and closure status of the expansion
joint in the tubing string; corresponding calculation mechanism
and formulae were provided; and the extension-closure status of
the expansion joint in the tubing string for Well MJ4 was
calculated. (2) A method was developed for analyzing and
calculating the additional pressure difference load in the packer
annulus caused by poor engagement of the hydraulic anchor;
the impact of the additional pressure difference load on the
deformation behavior of the tubing string was simulated; and
the significant impact of the additional pressure difference load
on the plastic buckling deformation was figured out. (3) The limit
of lateral buckling deformation in a calculation model was
introduced, and so the impact of collar rigidity on the buckling
deformation was indirectly considered; the deformation under
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the joint action of all loads of the tubing string was calculated,
and the numerical result was the same as the observed
deformation. The study results show that the plastic deformation
of the tubing string for Well MJ4 occurs at the fracturing stage
and the major causes are hydraulic pressure loads and gravity
loads in different forms. The conclusion shows that the
mechanical calculation model of the testing tubing containing
the expansion joint can be used as an important theoretical tool
and analysis approach in optimizing operations and designing
the tubing string structure.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The prevention and control of natural gas hydrate (hereinafter,
"hydrate" for short) blockage during deepwater gas well
production tests is very important in ensuring the test safety. In
this paper, the distribution of wellbore temperature and
pressure field under different test conditions was analyzed, and
the changes of hydrate deposition and blockage degree in the
pipe string in the whole process of test under different test
systems were evaluated using the hydrate generation-
deposition-decomposition calculation method. On this basis, a
deepwater gas well production test method based on hydrate
prevention and control was proposed. And the following
research results were obtained. First, in the process of deepwater
gas well tests, the vapor-liquid phase of annular-mist flow
pattern with the greatest risk of hydrate blockage is often
formed in the wellbore. Therefore, it is more reasonable to take
measures to prevent hydrate blockage in the process of tests
than to prevent the formation of hydrate. Second, when the
conventional four-point test method is used, it is required to set
low gas production measurement points with lower flowing
temperature. In the wellbore with high temperature and low
temperature, however, hydrate tends to form and deposit easily,
and a long period of test will increase the risk of test string
blockage. Third, the mixed-sequence test system suitable for
deepwater gas well tests can change wellbore temperature by
adjusting the sequence of measuring points without changing
the production rate and duration, so as to decompose hydrate
sediment layers and reduce the maximum blockage degree of
test string in the process of tests. Fourth, a three-point or two-
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point test method is recommended for deepwater gas wells
without sand production, stress sensitivity, retrograde
condensation and water production. Superior to the
conventional four-point test method, three-point and two-point
test methods can effectively reduce the risk of hydrate
deposition and blockage in the test string, and it can shorten the
test time and reduce the test cost on the premise of ensuring
the accuracy of the productivity equation. In conclusion, the
research results are of help to the field test construction of
deepwater gas wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The marine shale of Upper Ordovician Wufeng Fm to Lower
Silurian Longmaxi Fm is the target layer of shale gas
development in the south of the Sichuan Basin. The L11 sublayer
of Longmaxi Fm is the "sweet spot" principal shale gas reservoir.
The "non-essential" shale gas reservoir of L11-L12 above L11
sublayer cannot be stimulated sufficiently due to the restriction
of the fracture propagation upward in horizontal wells, and its
development is not cost effective by drilling new wells, so a
great deal of resources (about two thirds of the total shale gas
reserves) cannot be produced. In regard of this, an engineering
scheme of "reasonable production casing cementing + casing
cutting + efficient milling + conventional sidetrack drilling,
completion and fracturing" was put forward. In addition, the
feasibility of the key technologies and economy of the scheme
were analyzed. And the following research results were obtained.
First, determine the reasonable cementing length, together with
the wellhead safety valve and downhole annular packoff to
ensure that subsequent fracturing and production requirements
are satisfied, and the to the cement of the production casing of
a new well can be returned to an appropriate depth in the
intermediate casing. Second, the mechanical casing cutting
technology is mature, and compared with conventional milling
technologies, its milling efficiency and service time of efficient
milling are twice higher. Third, these low-cost efficient wellbore
treatment and conventional sidetrack drilling & completion and
fracturing technologies enable the scheme goal to be realized.
Fourth, compared with the scheme of drilling new wells, this
scheme can save the well construction cost by about 30%. The
estimated daily testing production rate of "non-essential" shale
gas reservoirs is 52 thousand m3 per well, and the accumulative
production of 10 years is 49 million m, which means a good
economic return. In conclusion, this scheme provides a new idea
for the economic and efficient development of "non-essential"
shale gas reservoirs, and it is conducive to the fast production
increase and long-term stable production of shale gas in China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Multi-well evaluation is a technology for predicting a reservoir
and the plane distribution laws of its oil/gas bearing property
based on single-well fine interpretation, comparison and
analysis, but the conventional logging data cannot be used to
distinguish carbonate karst reservoirs, so it is quite important to
determine how to clarify the plane distribution laws of karst
development degree by using the multi-well evaluation results.
In this paper, the karst development characteristics were
analyzed reflected by the imaging logging calibrated based on
core samples from 15 wells in the Gaoshiti-Moxi area of the
Sichuan Basin. Then, the standard imaging chart for each karst
development zone in the Middle Permian Maokou Formation
was established, and the response characteristics of the
conventional logging in each zone were analyzed by using
cross-plot and histogram. Finally, on this basis, a new method
for identifying karst development zones by using the electrical
imaging logging to calibrate the conventional logging was
developed. And the following research results were obtained.
First, the karst zone of Maokou Formation in the Gaoshiti-Moxi
area is divided into weathering crust residue, vertical seepage
karst zone, horizontal underflow karst zone and weakly karstified
basement from the top to the bottom. Second, in the imaging
logging image, the weathering crust residue is displayed in a
banded mode of "dark-bright-dark", the vertical seepage karst
zone is in a combined mode of vertical line and dark phyre, the
horizontal underflow karst zone is in a combined mode of
horizontal line-layer and phyre, and the weakly karstified
basement is in a mode of bright block, occasionally with linear
or phyric characteristics. Third, the effective reservoirs are mainly
developed in the vertical seepage zone and the top of horizontal
underflow zone. Fourth, the development of Maokou Formation
karst is mainly controlled by fracture development, which is in
close relation with faults. In conclusion, this newly developed
technology is generally applicable to the multi-well evaluation of
carbonate karst reservoirs, and its interpretation results provide
the key technical support for the deployment of Middle Permian
wildcat wells in the Sichuan Basin.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: At present, shale gas exploration and development in China is
faced with some problems, such as the imperfect evaluation
system of reservoir effectiveness and the limitations of reservoir
evaluation system on efficient development of shale gas. In
order to improve the content and the standard of reservoir
evaluation, this paper analyzed the shortcomings and challenges
in the static evaluation of shale gas reservoirs on the basis of
existing reservoir evaluation, and established a method for
evaluating shale gas reservoir effectiveness and a scheme for
classifying pore systems. Then, the dynamic evaluation
parameters after shale fracturing and their effects on drainage
and production measures were discussed. In addition, the
potential evaluation parameters of "automatic mitigating water
blocking" were studied, and a comprehensive reservoir
evaluation system of "static-dynamic" combination was
established. And the following research results were obtained.
First, new challenges to the shale gas reservoir evaluation are
emerged as the lack of in-depth study on "reservoir
effectiveness, dynamic evaluation parameter system after
fracturing and drainage and production measures after
fracturing", which leads to the serious lag of existing shale gas
reservoir evaluation system behind production. Second, The
evaluation of reservoir effectiveness is mainly presented as the
evaluation on the lower limit of effective porosity, and is
embodied in the influence of clay bound water and unconnected
pores on the development of shale gas. Third, the development
of shale gas reservoir evaluation follows the trend of refining the
static reservoir evaluation parameters, defining the potential
evaluation indexes of "automatic mitigating water blocking" and
establishing the reservoir comprehensive evaluation system of
"static-dynamic" combination. Fourth, a postfrac dynamic
evaluation system is determined for the potential evaluation
indexes of "automatic mitigating water blocking" (e.g.
wettability, water imbibition retention capacity, water imbibition
expansion mode, expansion rate, and water imbibition cracking
capacity). Fifth, a reservoir evaluation idea is put forward that
"static evaluation of shale gas reservoir is the foundation and
postfrac dynamic evaluation is the complement", and a
comprehensive reservoir evaluation system is established of
"static-dynamic" combination suitable for the evaluation of
marine shale gas reservoirs in China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Over the past decade, great progresses have been made in
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natural gas exploration in the Sichuan Basin, where several large
gas fields (such as Anyue) have been discovered. With the
increase of data and the deepening of exploration, new
knowledges have been gained in geological theory, thus it is
necessary to further analyze the distribution characteristics and
main controlling factors of large gas fields, thus to put forward
new exploration directions for large gas fields. Therefore, based
on the statistics on the geological parameters of 20 large gas
fields discovered in this basin, the distribution rules, formation
conditions and main controlling factors of large gas fields were
analyzed, and the follow-up exploration directions were
proposed. The following results were achieved. (1) Large gas
fields are developed in different tectonic regions in the Sichuan
Basin, mostly in the low and gentle tectonic belts in the central
Sichuan Basin. Large gas fields are developed in seven series of
strata in longitudinal stratigraphic sequences, which are
dominated by the reef-shoal large gas fields formed in the
Upper Permian Changxing-Lower Triassic Feixianguan Fms. (2)
There are four sets of source rocks contributing to the formation
of large gas fields, mostly from the assemblage of Xujiahe Fm
source rocks. (3) Reservoirs in the large gas fields are dominated
by porous carbonates and tight sandstones; large gas fields are
mostly structural-lithological ones and normal pressure ones. (4)
The development of marine large gas fields are mainly
controlled by intracratonic rifts and paleo-uplifts. The controlling
effect of intracratonic rifts is mainly from three aspects, namely
the hydrocarbon generation center of source rocks, high-energy
facies belts on the platform edges, and lateral sealing for
hydrocarbon accumulation. The controlling effect of the paleo-
uplifts mainly acts from another three aspects: intra-platform
high-energy facies belts, karstic dolomite reservoirs and long-
term hydrocarbon accumulation. The structures of foreland
basins controlled the development of the continental large gas
fields from four aspects: tectonic setting, source and reservoir
assemblage, trap type and fracture distribution. In conclusion, a
total of 5 domains with 14 favorable zones are the follow-up
exploration directions of large gas fields in the Sichuan Basin.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Oil and gas exploration has been successively developed in the
lacustrine shale of the Da'anzhai Member of the Jurassic Ziliujin
Fm in the Sichuan Basin by many companies at home and
abroad such as PetroChina, Sinopec, Shell, etc. However, there
are still doubts about why the proved reserves is out of
proportion to the rich hydrocarbon resources and the oil and
gas yield rates unmatched with the tight petrophysical
properties of the reservoirs in this study area. In view of this, in
combination with cores, outcrops, drilling, logging, oil test,
geochemical analysis data, we made research on geological
characteristics and exploration targets of shale oil & gas in this
study area. The following findings were obtained. (1) Three sets
of quality shale layers including the Dongyuemiao, Da'anzhai
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members in the Ziliujing Fm, and the upper member of
Lianggaoshan Fm, are featured by source-reservoir integration
and tight connection, among which the Da'anzhai member is
typical of well-developed shale reservoirs. (2) The Da'anzhai
shale reservoir has such characteristics as high content of
organic matters and brittle minerals, moderate thermal evolution
degree, strong hydrocarbon generation capacity, good
petrophysical behaviors, favorable storage property, good
source-reservoir relationship, great thickness, good
hydrocarbon-bearing property, and so on. (3) Many test data in
detail from a successful well in the Da'anzhai member such as
organic matter content, pyrolytic parameter, petrophysical
properties, etc., demonstrated that oil and gas supply is quite
enough for both shale and crustal limestone reservoirs there,
and the former ones are so much stronger that the Da'anzhai is
the main target of effective utilization of lacustrine shale oil and
gas reserves in the Jurassic strata. (4) Based upon the current
new understandings, technical measures for unconventional
hydrocarbon resources like horizontal wells and volumetric
fracturing, should be adopted to explore shale oil and gas
resources in this study area, which will be hopefully succeeded.
In conclusion, this paper provides a theoretic and technical
support for new discoveries and effective utilization of reserves
in this study area.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The brittleness index of shale gas reservoirs is one of the key
parameters for the fracturing scheme design. At present,
however, the current method to calculate the brittleness index is
expensive, time and labor consuming, and overly dependent on
coring data. In view of this, the Lower Silurian Longmaxi shale
gas reservoir in the southern Sichuan Basin was taken as the
research object in this paper. Firstly, the imaging log data of this
area was analyzed and corrected, the images were enhanced in
the form of histogram and the imaging log image was calibrated
as the imaging spectroscopy mineral map. Then, based on the
theory of normal distribution, combined with experimental
analysis data, the mineral content of shale gas reservoirs was
estimated by analyzing the mineral map. Finally, based on
fracture characteristics, the calculation model for brittleness
index was established. In this way, a new method for calculating
mineral content and brittleness index was developed and has
been verified in many shale gas wells in this area. And the
following research results were obtained. First, this new method
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has the advantages of low cost, strong applicability, high
calculation accuracy and practical value. Second, compared with
the brittleness index calculation methods that are currently used,
the data obtained by the new method are universal and its
brittleness index calculation results are continuous. Third, this
new method can accurately reflect the effects of bedding, thin
layer and local lithology change on the brittleness index, playing
an important role in evaluating the brittleness and fracturing
performance of shale gas reservoirs. Fourth, field application
reveals that the calculation results of this new method are in a
better accordance with the actual drilling results. Industrial
productivity of sh ale gas is achieved in many wells of this area
during the testi ng. In conclusion, this new method provides a
technical support for fracturing opt imization and evaluation of
marine shale gas reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: It was previously deemed that volcanic rocks in the western
Sichuan Basin were not developed, which restricted the
exploration of volcanic gas reservoirs in this area. Recently,
however, Sinopec's wildcat well, Well YS1 encounters Upper
Permian volcanic rocks about 300 m thick in the western Sichuan
Basin, the reservoir physical properties of which are good with
strong gas shows. In order to evaluate the exploration prospect
of volcanic gas reservoirs in western Sichuan Basin, we studied
the Permian volcanic rocks in this area from the aspects of
formation and development characteristics, reservoir
characteristics, gas genesis and plays based on the new
understandings on exploration wells, combined with the analysis
on tectonic evolution and its controlling effect on volcanism.
Then, the volcanic eruption mechanism, the distribution mode of
volcanic edifice and the hydrocarbon accumulation pattern of
volcanic gas reservoir were figured out. Finally, the exploration
potential of natural gas was evaluated. And the following
research results were obtained. First, the Permian volcanic rocks
in western Sichuan Basin are developed and its tectonic setting
is consistent with that of Emeishan basalt, which is the product
of the Emeishan mantle plume. Second, under the control of
vertical faults, a great number of volcanic edifices are developed
and there are many eruption cycles. Volcanic rocks are
superimposed vertically and connected laterally. Third, the
volcanic rocks in western Sichuan Basin are different to some
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extent from those in southwestern Sichuan Basin in terms of
lithology, lithofacies and reservoir characteristics. In the western
Sichuan Basin, the tuff of explosive facies is dominant with some
basalt of effusive facies, and the reservoir space of volcanic rocks
is mainly acted by inter-breccia skeleton pores, dissolved pores
and matrix micro-pores. In conclusion, multiple sets of effective
source rocks are developed around the volcanic intervals in
western Sichuan Basin, and together they constitute effective
natural gas plays. Therefore, it has a better natural gas
exploration prospect, an d it is a new field worthy of attention.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to determine the lithology of Permian volcanic rocks in
the western Sichuan Basin quickly, accurately and efficiently, a
series of studies were carried out from the aspects of volcanic
lithology identification, reservoir parameter modeling and fluid
property discrimination by using core, thin section, conventional
logging, elemental scanning logging and image logging data
comprehensively. And the following research results were
obtained. (1) The Well Yongtan 1 is mainly dominated by basic
volcanic rocks with low radioactivity and its lithology can be
divided to basalt, breccia-bearing tuff lava and breccia lava
according to core analysis and well logging. (2) The Well
Yongtan 1 can be divided into three secondary eruptive cycles.
The lithology of gas-bearing tested is mainly breccia tufa lava, so
as to the key point of volcanic rock further exploration in the
Sichuan Basin. (3) The Well Yongtan 1 is characterized by high
porosity and low permeability. The porosity calculated by the
method of variable density skeleton and variable acoustic time
intersection agrees well with the core porosity. (4) Affected by
many factors, the volcanic fluids are difficult to identify by only
use of the resistivity method so that the macroscopic capture
cross section of thermal neutron and Poisson's ratio method are
applied effectively in fluid property identification in the Well
Yongtan 1. (5) It is an important guarantee for volcanic rock
exploration and geological understanding to popularize the
application of new logging technology and obtain all accurate
logging data in this basin.
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Abstract: The coiled tubing (CT) drilling technology in slim holes with



2020/6/21 Print Record(s)

259/361

many advantages has been unfortunately restricted due to tight
space for fluids flowing, small flow rates, high flowback rates,
huge loss in circulation. In order to solve the problem of overly
large fluids flow resistance in the CT drilling, we calculated the
flow resistance of drilling fluid in CT based upon the Herschel-
Buckley Model and the features of this technology, and
discussed the relationships between the fluids flow resistance
and the other factors such as average flow rates of fluids, CT
length (or well depth), CT water-hole diameter, tubing roller
diameter, etc. The following findings were achieved. (1) On the
tubing roller, CT internal flow resistance increases linearly with
the drilling fluids flow rate and drilling fluids with small flow
rates will decrease the flow resistance on the roller. (2) Both on
the tubing roller and in the wellbore, CT drilling fluid flow
resistance increases linearly with CT length but decreases linearly
with CT internal water-hole diameter; therefore, large-diameter
CTs will be better for drilling deep wells. (3) The tubing roller
diameter has little effect on the CT fluids flow resistance, which
increases with the fluids flow rate linearly; The CT wound on the
roller is long enough to use multiple rollers so as to reduce the
flow resistance of fluids in CT. In conclusion, this study provides
a reference for controlling and reducing the CT fluids flow
resistance and optimizing the relevant parameters, helpful to
accelerate the popularization and applic ation of this technology.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The overall development of the top of the gas reservoir of the
Dengying Formation, Upper Sinian in the Anyue Gas Field of the
Sichuan Basin, has been deployed, and the inner Dengying
Formation is the next potential succession layer. However, the
high-quality reservoirs of inner Dengying Formation are
undeveloped and cannot be identified on the seismic sections,
which restricts its deepened understanding, exploration and
development. In this paper, the logging and seismic response
characteristics of high-quality reservoirs were analyzed using the
mud logging and well logging data of the Anyue Gas Field, and
a seismic response model for high-quality reservoir was
established by means of seismic forward modeling. Then, the
target processing was carried out for the problem of weak
effective signals. Finally, the plane distribution of high-quality
reservoirs of inner Dengying Formation and the favorable
exploration areas were predicted. And the following research
results were obtained. First, there are two types of high-quality
reservoirs inside the Dengying Formation, i.e., concentrated vug
type and independent cave type. Vertically, the independent
cave reservoirs are mainly distributed within 100 m above the
mudstone floor of the third Member of Dengying Formation.
Horizontally, karst zones are developed along the bed. Laterally,
they are scattered and beaded. And the scale is small. Second,
seismic response of high-quality reservoirs inside the carbonate
rocks is characterized by single-peak concealed "beaded"
reflection, whose peak energy is relatively weak and can be



2020/6/21 Print Record(s)

261/361

easily covered by the noise of seismic data. Third, deep-seated
weak signal recovery and processing technology can be used to
deal with the weak seismic response of high-quality cave
reservoirs, improve the amplitude preservation and S/N ratio of
seismic data, and obtain the beaded reflections on seismic
sections so as to realize effective identification of high-quality
cave reservoirs. In conclusion, the deep-seated weak signal
recovery and processing technology is proved to be operable
because the achieved results conform to the drilling data and
the seismic forward modeling conclusions. In addition, high-
quality cave reservoirs are developed at the bottom of the fourth
Member of Dengying Formation, and they are locally distributed
in a large scale. Therefore, it's one of the favorable succession
layers for the following natural gas exploration and development
of the Anyue Gas Field.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The gas reservoir of the 4 Member of Sinian Dengying Fm
(hereinafter referred to as Deng 4 Member) in central Sichuan
Basin is a large gas field formed by the superposition of multiple
factors which mainly consist of mound-shoal complex
sedimentation and epigenetic karstification. And the existing
industrial standards are limited in characterizing the features of
the karst reservoirs in this area. In this paper, the karst reservoirs
of Deng 4 Member in the Gaoshiti Block of central Sichuan Basin
were classified based on its core observation, conventional-
image logging, combined CT scanning and thin section analysis
results, as well as the matching relationship of reservoir space.
Then, based on three-dimensional seismic data and with the fine
characterization of karst reservoir types as a constraint,the
distribution of the mound-shoal complex, the development and
distribution of fractures and pores, the distribution of high-
quality reservoirs and the reserve abundance of high-quality
reservoirs were analyzed by means of well-seismic combination.
Finally, combined with actual production results, the
classification criterion for the Dengying Fm karst reservoir
bodies was established, and reservoir body classification and
division study was carried out so as to define the dynamic &
static characteristics of all types of reservoir bodies and select
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the target reservoir bodies with favorable development
conditions. And the following research results were obtained.
First, the karst reservoirs of Deng 4 Member in the study area
are divided into three types, i.e., pore type, pore-vuggy type and
fracture-vuggy type, and the latter two types are high-quality
reservoirs of Dengying Fm, with good physical property,
exploitation effect and testing results. Second, the classification
criterion of karst reservoir body is established, and according to
this criterion, the karst reservoir bodies in the study area are
divided into three types. Type I and II have a stable production
capacity and good production effect, and can realize beneficial
development. Third, there are 7 type I reservoir bodies, 10 type II
reservoir bodies and 15 type III reservoir bodies. The dynamic
gas reserves of type I and II reservoir bodies range from 2.169 to
3.708 billion m. It is concluded that type I and II reservoir bodies
are characterized by good fracture-vuggy matching relationship,
large thickness of high-quality reservoirs, high reserve
abundance and good production effect, and they can be taken
as favorable development targets of natural gas.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the process of well drilling, cuttings carrying is difficult in the
horizontal section, and cuttings beds tend to form easily. In view
of this, a hydraulic-magnetic coupling-drive cuttings cleaning
tool is newly developed, but its magnetic torque transmission
mechanism, optimum magnetic circuit structure and magnet
layout are rarely researched. In this paper, the influence laws of
magnetic circuit structure and permanent magnet dimension on
the magnetic torque were analyzed by using finite-element
numerical simulation method. And the following research results
were obtained on the basis of numerical simulation and
experimental study. First, the transmission efficiency of magnetic
torque can be enhanced by increasing the magnetic flux density
in the air gap, decreasing the magnetic circuit reluctance or
increasing the magnetostatic energy. Second, the magnetic
torque increases first and then decreases as the number of
polepair increases. And it reaches the maximum value when the
number of pole-pair is 12. Third, based on the coupling of the
magnet volume under two constraints, i.e., the coverage area of
permanent magnet on the tool's effective cross section and the
magnet thickness, the thickness of permanent magnet is 8.4
mm. And the magnetic torque on the unit volume of magnet
reaches the maximum value when the coverage area of
permanent magnet on the tool's effective cross section is 71%.
Fourth, the absolute error between the experimental result and
the numerical simulation result is less than 17%. It is indicated
that the numerical simulation model can satisfy the required
engineering calculation accuracy. In conclusion, the numerical
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simulation model established in this paper is rational and can be
used as a technical method for optimizing the structure of this
newly-developed tool.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: To increase purified gas production and reduce the
comprehensive energy consumption of high-sulfur natural gas
sweetening units, we established a process simulation model
using the ProMax, based on the field operation data of a gas
sweetening unit in the Sinopec Puguang Natural Gas Purification
Plant. Then, sensitivity analysis and optimization study were
carried out on the main operating parameters, including
circulation rates, the concentrations and the inlet temperatures
of primary and secondary absorption towers of MDEA
(methyldiethanolamine) solutions. Finally, the effects of feed gas
load reduction and pressure reduction and H2S content increase
on the quality and yield rates of purified gas were analyzed
under the optimized operating conditions, combined with the
actual field situations. And the following research results were
obtained. First, the absorption selectivity of MDEA solutions can
be improved by decreasing the circulation rates, concentrations
and inlet temperatures of MDEA solutions, which is favorable for
the increase of the yield rates of purified gas. Specifically, the
circulation rate of MDEA solution is the main factor influencing
the comprehensive energy consumption of a high-sulfur natural
gas sweetening unit. Second, when the flow rate, pressure and
H2S content of feed gas fluctuate, the purification requirements
can be satisfied under the optimized operating conditions. Third,
energy conservation under low flow rates of feed gas can be
achieved by reducing the flow rates of regenerated steam and
adjusting the position of MDEA solutions entering the secondary
absorption tower. Fourth, as H2S content is increased by 1%, it is
necessary to increase the circulation rate of MDEA solution by
about 20×10 kg/h. Fifth, after parameter optimization, the yield
rate of purified gas is increased by 0.5% and the comprehensive
energy consumption is reduced by 19.1% under the operating
condition of full load.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: With the gradual advancement of shale gas development and
the continuous increase of development scale in China,
analyzing the production data of gas wells appropriately and
evaluating the production laws of in-service wells provides the
basis and guarantee for the evaluation of interim development
effects and the formulation of next development schemes. In
this paper, the production data of the shale gas horizontal wells
in six shale gas development blocks of North America and
China's national shale gas demonstration areas (including
Changning-Weiyuan Block and Zhaotong Block) were analyzed,
and the normalized production decline curves were established
for different blocks by virtue of the hyperbolic-exponential
hybrid decline model. Then, the variation trends of initial
production and decline rates of shale gas wells were discussed.
Finally, a fast evaluation method for the estimated ultimate
reserve (EUR) of shale gas horizontal well was developed. And
the following research results were obtained. First, in the early
stage of development, the average initial production of shale
gas horizontal wells presents an increasing trend year after year,
but the distribution of the initial production is different. Then,
the average initial production of gas wells varies in a platform-
like mode. And in the later stage, a trend of decline year after
year occurs. Second, the hyperbolic-exponential hybrid decline
model is better applicable to the production decline analysis of
shale gas horizontal wells in China and North America. The gas
wells put into production in different years in the same block are
similar in production decline laws. Third, the production
decrement of the Changning Block in the first three years is 55%,
38% and 33% respectively, which are close to that of Fayetteville
Block in North America. Whereas, the production decrement of
Weiyuan Block in the initial stage of production is 63%, 46% and
37% respectively, which are much higher than that of the 5
blocks in the North America. Fourth, the EUR of gas wells is
positively correlated with the cumulative production of the first
year (Q1), and it is generally 2-5 times the Q1. As for the
[Formula is presented] of gas wells, the Woodford Block is the
highest, the Changning Block is equivalent to Barnett, Eagle
Ford, Fayetteville and Haynesville Blocks, and the Weiyuan Block
is relatively lower.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: More studies have been carried out on the tight and
overpressured gas reservoir of the Upper Triassic Xujiahe
Formation in the northwestern Sichuan Basin, but the formation
mechanisms of tight reservoir, the distribution characteristics
and formation mechanisms of abnormal ultra-high pressure and
the effects of thermal evolution on large-scale tight gas
accumulation have not been researched systematically and
thoroughly. To this end, this paper studied the reservoir
characteristics and main controlling factors of the third Member
of Xujiahe Formation (Xu 3 Member for short) in this area using
a large quantity of drilling data obtained recently. And combined
with the thermal evolution of the source rocks and the evolution
of diagenesis, the reasons for the formation of tight reservoir
were analyzed. Then, the formation mechanisms of
overpressured gas reservoirs were studied based on tectonic
movement after the temperature and pressure characteristics of
the fluids in gas reservoirs were analyzed. Finally, the
mechanisms of large-scale overpressured natural gas
accumulation were analyzed after the characteristics of large-
scale overpressured gas reservoirs were summarized. And the
following research results were obtained. First, ultra-tight
reservoir of Xu 3 Member is the product under the joint effect of
strong diagenetic compaction and strong calcareous
cementation caused by a large amount of carbonate debris in
sediments. Second, the Xu 3 Member reservoir has experienced
high thermal evolution in great burial depth. The tightest
reservoir is the area with the highest thermal evolution and also
the main tight gas development area. The formation of ultra-
high pressure tight gas reservoir is obviously affected by the
strong diagenesis and the high thermal evolution in the late
Cretaceous period. Third, in Jian'ge area, the diagenetic
compaction of Xu 3 Member sandstone/glutenite leads to the
reduction of porosity by 20%. The important reason for the
reservoir densification caused by carbonate cementation is that
Anxian tectonic movement leads to the uplifting of
Longmenshan Mountain, providing sufficient sources of
carbonate rocks for the deposit of Xujiahe Formation. And
consequently, the porosity is reduced by 10-20%. Fourth, the
formation of abnormal high pressure gas reservoir in the
depression zone of this area is not caused by structural
compression, but by poor pressure release resulted from
fracture underdevelopment, hydrocarbon generation
pressurization and tectonic reversal, which leads to the
formation of an ultra-high pressure development zone of ultra-
tight reservoir. The fracture development in the front margin of
Longmenshan and Micangshan fault belts leads to pressure
release, so it is a normal pressure zone, whose reservoir physical
properties are better than those of the depression zone. It is
concluded that the formation mechanisms of large-scale ultra-
high pressure tight gas reservoirs in this area are complex with
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various influencing factors, and the close source-reservoir
assemblage relationship, the high thermal evolution and
hydrocarbon generation pressurization in the late Cretaceous,
the tectonic reversal and stratigraphic uplift and erosion in the
Himalayan period, the poor pressure release of ultra-tight
reservoir caused by the excellent sealing ability of surrounding
rock play a significant role in the large-scale accumulation of
abnormal ultra-high pressure natural gas in this area.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Quaternary biogenic gas reservoirs are extensively developed in
the Sanhu Depression of the Qaidam Basin, where the largest
domestic biogenic gas production base has been built up. In
recent years, however, the exploration of biogenic gas there
encounters a variety of difficulties, such as the identification of
true and false seismic abnormality, the determination of micro-
relief structure and the identification and description of
lithologic traps, which are the bottlenecks restricting its
exploration breakthrough. In this paper, hydrocarbon
accumulation patterns of biogenic gas were studied. Then, based
on fine structure interpretation results, combined with
laboratory experiments, the sealing ability, distribution range,
formation time and genesis of salt crust were discussed, and the
salt crust covered hydrocarbon accumulation pattern of biogenic
gas was put forward. Finally, combined with the conditions of
source rocks and reservoirs, the exploration prospect of salt
crust covered biogenic gas reservoirs was predicted. And the
following research results were obtained. First, the Quaternary in
the Sanhu Depression is composed of sandstone-mudstone
interbeds of shore-shallow lake facies, with superior conditions
of source rocks and reservoirs. Many source-reservoir-caprock
assemblages are vertically formed. The biogenic gas has the
characteristics of dynamic hydrocarbon accumulation, i.e.,
continuous migration, accumulation, diffusion and re-
accumulation. Second, under the effect of Himalayan movement,
the climate changes frequently and the salinity of the ancient
lake is zoned in the Sanhu Depression. A freshwater area is
formed at the inlet of the river in the south and a brine area is
formed in the north. Under the influence of evaporation, the
phreatic water in the north is salinized continuously, and a set of
extensively distributed salt crust with steady thickness and a
strong sealing ability is formed at the eastern part of Lingjian
fault. Third, the biogenic gas generated by dark mudstone of
lacustrine facies in the depression center migrates laterally and
vertically to Lingjian fault zone and gets accumulated under the
sealing of salt crust. In conclusion, high-quality source rocks and
reservoirs and the salt crust with a strong sealing ability in the
Sanhu Depression constitute a good spatial-temporal
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configuration relationship of source rocks, reservoirs and cap
rocks, so salt crust covered biogenic gas reservoirs can be
formed to provide abundant natural gas resources with a broad
exploration prospect.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In the process of construction and service, high-grade line pipes
will get defective, e.g. dents, which will change its stress and
strain distribution characteristics and impact its service reliability.
In this paper, a X80 line pipe was taken as the research object.
The distribution characteristics of the strain field in the X80 line
pipe with plain dents with the change of dent depth under
external load were analyzed using the finite element analysis
software ABAQUS. Then, the strain distribution and
microstructure characteristics in the dent zone were explored by
conducting prefabrication test on physical dent. Finally,
combined with the finite element simulation results, the strain
distribution laws of the X80 line pipe with plain dent were
discussed. And the following research results were obtained.
First, under the same internal pressure, the strain distribution
characteristics in the dent zone at different dent depths are
similar, i.e., the strain increases with the increase of the distance
from the center of the dent, and decreases rapidly with the
increase of the distance after the peak strain. Second, the strain
increases with the increase of dent depth, and under the same
internal pressure and dent depth, the axial strain is larger than
the radial strain at the same location. Third, the greater the dent
depth, the stronger the superposition effect of internal pressure
and depth on the strain. Fourth, strain hardening occurs on the
materials in the initial stage of the dent deformation. With the
aggravation of deformation and the extension of dent radius,
the strain response ability of materials increases, the grains at
the bottom and side walls of the dent zone are elongated along
the direction of maximum deformation, the lattice is distorted
and strain hardening occurs. As a result, the dislocation density
in this zone increases and the interaction occurs between
dislocations, as a result, the strength of line steel is enhanced. In
conclusion, the research results do well in predicting the stress-
strain evolution laws in the process of dent, and provide a
theoretical foundation and an experimental basis for studying
the influence of mechanical damage on the service safety of
pipelines.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The reflection coefficient solved by using the traditional
impedance inversion method cannot reflect low-frequency
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information sufficiently and its continuity and resolution are
limited, so the quality and resolution of impedance inversion is
impacted seriously. In this paper, the advantages of rich low-
frequency signals were discussed with the theoretical synthetic
seismogram and wavelet simulation as the fulcrum. Then, the
low-frequency sparse double-constrained reflection coefficient
method was introduced to modify the sparse optimization item,
and thus a new method was formed. Finally, based on the
broadband data and non-broadband data of the actual work
area, the reflection coefficient and impedance inversion solved
by the traditional basis-pursuit reflection coefficient inversion
were compared and then the calculation results of low-
frequency sparse double-constrained reflection coefficient
inversion were compared to verify the effect of the modified
method. And the following research results were obtained. First,
the broadband data with rich low-frequency information is less
affected by the side lobe, and its seismic data resolution is
higher, which is more favorable for the improvement of
inversion accuracy and resolution. Second, in the new method,
L2 norm low-frequency model is added on the basis of BPDN
basis-pursuit denoising problem to constrain the residual, so as
to realize the direct solution of the reflection coefficient with
low-frequency information. Third, the reflection coefficient and
wave impedance solved by using the new method have better
continuity and resolution than those solved by using the
traditional method and they are in good agreement with the
well data. In conclusion, the new method achieves higher
resolution on the impedance inversion of broadband data and
non-broadband data and the accuracy of impedance inversion is
increased, so it has a higher application value in predicting the
distribution of thin reservoirs.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Since more than half of the "13th Five-Year Plan" has been
carried out, it is conducive to enhancing domestic oil and gas
supply capacity to conduct the mid-term evaluation of oil and
gas resources exploration and development planning, to timely
discover trends and risks, and to put forward opinions and
suggestions. In view of this, based upon the 13th Five-Year
Planning reports on Oil & Gas Development, this paper, in
combination with economic situation at home and abroad,
evaluates the goal accomplishment and progress in
implementing key tasks related to oil and gas reserves and
productivity, discusses the major problems at present, and finally
puts forward suggestions on enhancing the implementation of
planning. The evaluation results demonstrate that by the end of
2018, the new proved geological reserves of oil, natural gas,
coalbed methane gas (CBM) and shale gas basically had met the
planning expectations; several hundred million ton oil fields like
Nanliang, Huanjiang, etc. in the Ordos Basin, and several gas
fields of 100 billion cubic meter like the Sulige gas field in the
Ordos Basin, the Anyue gas field in the Sichuan Basin, and so on,
had been discovered. Besides, the output of oil has declined for
three consecutive years, and the output of natural gas has
increased steadily, showing a trend of "oil down and gas up",
which shows the sustainable development of oil and gas is more
severe. The following conclusions are thus achieved. (1)
Although the implementation of the plan is generally good, it is
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still necessary in recent years to take effective measures to fully
promote the growth of oil and gas reserves and production, and
ensure the security of the national energy supply. (2) Deep
basins and deep-water basins will become the key potential
areas for future oil and gas reserves and output increment, and
will be the strategic replacement areas for oil and gas resources
exploration and development in China. (3) The proportion of
unconventional oil and gas will gradually increase, and tight oil
and gas, shale gas, CBM and natural gas hydrate will become an
important part of energy reserves increase. (4) China will enter a
rapid- growth stage of natural gas reserves and production.
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Abstract: The Xihu Sag in the East China Sea Basin is rich in natural gas
resources, but the sources of its natural gas have always been
controversial. The existing researches mostly adopt the source
rock maturity for gas source correlation without any direct
evidence. In this paper, the large- and medium-sized gas fields
discovered in the northern Xihu sag in recent years were taken
as the research objects. After compositions, carbon isotopes and
light hydrocarbon compositions of the natural gas in this area
were analyzed, the geochemical characteristics and genesis
types of natural gas were studied systematically. Then, combined
with the thermal evolution of source rocks and the carbon
isotope of kerogen, the sources of natural gas were analyzed
and its migration modes and pathways were discussed. And the
following research results were obtained. First, the natural gas of
Huagang Fm in the northern Xihu Sag is mainly coal-type gas,
which is generated from humic kerogen via primary cracking. It
is mainly dry gas in the central uplift and wet gas in the west
subsag. Second, the maturity of the source rocks in this area
gradually increases from the south to the north, resulting in a
higher maturity of natural gas in the central uplift and a lower
maturity of natural gas in the west subsag. Third, though the
source rocks of the Huagang Fm and the lower Pinghu Fm have
different contributions to the natural gas in the northern part of
the Xihu Sag, the natural gas there is mainly derived from the
coal-bearing source rocks of Pinghu Fm. Among them, the coal-
bearing source rocks of the Huagang Fm in the central uplift are
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of higher maturity and contribute more to the natural gas in this
area. Fourth, the natural gas in this area is characterized by
vertical migration and fractionation. After the Longjing
movement, the fault is reactivated and provides a favorable
pathway for the upward migration of natural gas from Pinghu
Fm and its lower formations.
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Abstract: The casing damage/deformation in shale gas horizontal wells
caused by massive volume fracturing has always been a problem
in the process of field construction, and it has a great impact on
the field construction efficiency and the economic benefit of
development project. To solve this problem, this paper analyzed
the fracturing data of more than 100 horizontal wells in the
Weiyuan Shale Gas Block of the Sichuan Basin. Then, the causes
and laws of casing damage/deformation of shale gas horizontal
wells in this block were discussed. And based on the analysis
results, a prediction and control method was proposed. And the
following research results were obtained. First, the main
geological engineering factors for the occurrence of casing
deformation are reservoir geological characteristics, ground
stress and fracturing scale. Second, mud logging and well
logging interpretation can be taken as the basis for casing
deformation prediction in the hole sections where casing
damage tends to happen easily, e.g. the horizontal section in the
Upper Ordovician Wufeng Fm where the petrophysical
properties are particularly heterogeneous, the sweet spot areas
are thin and the reservoirs can hardly absorb the "energy" from
massive volume fracturing, the hole section near the target A,
and the hole section with lost circulation in natural fracture
interval. Third, as for the shale gas horizontal wells whose
production is controlled by the trajectory of horizontal section, it
is necessary to increase the steering level during the drilling of
horizontal section so as to keep its trajectory in the sweet spot
areas which are precisely characterized in geological gas
reservoir engineering. Fourth, for the horizontal sections in the
reservoirs of strong heterogeneity, it is suggested to adopt
engineering technical measures of "segment completion, section
cementing", optimization of well spacing, and appropriate
reduction of fracturing scale.
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Abstract: A great breakthrough was recently achieved in the Qiulitage
structural belt, Tarim Basin, but no better understandings have
ever been obtained of the accumulation mechanism and
controlling factors of the Lower Cretaceous Bashijiqike Fm
Clastic reservoirs. In order to provide technical support for
further exploration target optimization and oil & gas
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development in this study area, we, based upon the drilling, core
logging, thin section analysis data and other well logging and
test information, discussed the characteristics and controlling
factors of reservoirs there. The following results were achieved.
(1) The rock types of the Lower Cretaceous Bashijiqike Fm are
dominated firstly by lithic sandstones, and secondly feldspar
lithic sandstones, characterized by a low amount of quartz and
feldspar, high content of debris, low compositional maturity, and
medium textural maturity. (2) The reservoir spaces include
primarily inter-granular pores, inter-granular dissolution pores
and secondary fractures. The reservoir rock physical property
was bad, which suggests a reservoir of low porosity and low
permeability. The pore structure is featured by high discharge
pressure, small pore throat radius, small amount of mercury, and
fine pore throat so that low-porosity and low-permeability
porous reservoir was eventually formed there. (3) The reservoir
properties are affected by sedimentation, diagenesis, tectonic
action, gypsum rock layers and burial depth, etc., among which
lithofacies, dissolution and tectonic compression are the main
controlling factors, while corrosion and structural extrusion are
the key factors to favorable reservoir properties. (4) The reservoir
evolution mode is divided into five stages, i.e., long-term
shallow-buried inter-granular pore development, strong
cementation and pore reduction during the early diagenetic
period, dissolution and pore-enhancement during the early
supergene period, continuous maintenance of pores during the
middle diagenetic period, and fractures connecting pores to
improve reservoir performance during the late diagenetic
period.
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Abstract: In December 2018, a high-yield industrial gas flow was achieved
in the test of Well ZQ1 from the Cretaceous Bashijiqike Fm,
which was a major breakthrough in natural gas exploration in
the Qiulitage structural belt of the Tarim Basin, where the largest
condensate gas reservoir has been discovered so far. In order to
provide evidences for further oil and gas exploration in this
structural belt, this paper made full use of the previous research
results, based on the core, thin section, logging and geochemical
analysis data of this well, clarified the types and characteristics of
this gas reservoir. Also, the gas accumulation conditions of this
gas reservoir was analyzed, a gas accumulation model was
established, and its evolution process was then deduced. The
following results were presented. (1) The ZQ1 large gas reservoir
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belongs to a condensate gas reservoir with condensate oil, and
with coal-derived gas mainly derived from the Jurassic humus-
type coal-series source rocks in this area. (2) The geological
conditions in this structural belt include the super-thick and
high-revolutionary source rocks developed in the Triassic and
Jurassic, large effective sandstone reservoirs developed in the
Cretaceous large braided river delta, large wedge-shaped
tectonic traps that formed due to tectonic activities since the
late Himalayan period, and Paleogene and Neogene thick salt
rocks provide superior preservation conditions for the gas
reservoir formation and good time-space matching of
hydrocarbon generation and trap formation. (3) The "first oil and
then gas" accumulation process of this condensate reservoir is
overally characterized by "oil accumulated at the earlier stage,
gas invasion at the later stage, and rapid pooling". It is
concluded that hydrocarbon accumulation conditions are
superior in the Qiulitage structural belt and it has broad
prospects of oil and gas exploration in Tarim Basin. In
conclusion, this structural belt with favorable oil and gas
conditions presents a good hydrocarbon exploration prospect.
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Abstract: The Zhaotong National Shale Gas Demonstration Area along the
southern margin of the Sichuan Basin is located in the complex
marine tectonic area of South China, where shale deformation
and reformation are intense and the factors controlling sweet
spots are complex, so the preservation conditions have an
important impact on the enrichment of shale gas. In order to
support the selection and evaluation of shale gas sweet spots in
this area and improve the success rate of drilling, this paper
carried out a geological survey on field outcrops. Then, based on
drilling, mud logging and physical property test data, the
structural deformation pattern and the regional deformation
characteristics of this demonstration area were analyzed, and the
development characteristics of formation joints and fractures,
the sealing capacity of shale surrounding rock and the
distribution characteristics of gas reservoirs were studied. Finally,
the preservation conditions of shale gas in the Wufeng
Formation of Upper Ordovician and the Longmaxi Formation of
Lower Silurian were discussed. And the following research results
were obtained. First, in the Zhaotong National Shale Gas
Demonstration Area, three structural deformation patterns are
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developed from south to north, including trough type, equal
amplitude type and baffle type, which are distributed in three
major deformation zones, respectively, i.e., the shear
deformation zone of Central Guizhou Uplift, the compression-
torsion deformation zone of Northern Yunnan-Guizhou
Depression and the compression deformation zone of Southern
Sichuan Depression. Second, three types of joints and fractures
whose relationships with the direction of strata are high angle,
middle-low angle and bedding intersection are developed in the
Wufeng Formation-Longmaxi Formation and its overlying strata,
and their occurrence characteristics are basically consistent with
those of the three major deformation zones. Third, the shale of
Wufeng Formation-Longmaxi Formation is thick in the north and
thin in the south and possesses the preservation conditions of
source-reservoir integration and self-sealing hydrocarbon
accumulation. And combined with the sealing ability of the
overburden strata and the roof and floor, its preservation
conditions are overall better. Fourth, from the perspective of
shale gas component, this area can be divided into three belts,
i.e., methane, methane + nitrogen mixture and nitrogen from
north to south. And the preservation conditions of shale gas are
generally better in the north and worse in the south. In
conclusion, the shale in the central-northern part of Zhaotong
National Shale Gas Demonstration Area (compression
deformation area and its southern margin) is the most favorable
area because of its large shale thickness, weak reformation and
deformation, bedding development of joints and fractures, good
sealing performance and excellent preservation conditions. The
compression-torsion deformation zone of Northern Yunnan-
Guizhou Depression in the central part is moderate in
preservation conditions, and it is the relatively favorable area.
The shear deformation zone of Central Guizhou Uplift in the
southern part has poor preservation conditions, and it is a
prospective area.
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Abstract: High-carbon content and graptolite-rich black shale is
developed in the Lower Silurian Longmaxi Formation in the
southern China. Graptolite acts as important biological inputs to
shale, but its effects on organic matter enrichment and its
hydrocarbon generation mechanisms are currently less
researched. Moreover, no common agreement has been reached
in terms of the effects of graptolite on organic matter
enrichment. To deal with this situation, this paper analyzed the
elemental compositions of graptolite based on the analysis and
test results of 124 shale samples taken from the base of the
Longmaxi Formation in the typical well YS118 at the southern
margin of the Sichuan Basin, including graptolite abundance,
whole-rock total organic carbon (TOC), surrounding rock TOC,
and energy spectrum of graptolite and surrounding rock. Then,
the vertical variation characteristics of graptolite abundance in
the high-quality shale interval at the base of the Longmaxi
Formation were elucidated. Finally, the correlation between
graptolite abundance and organic matter enrichment was
explored in the P. persculptus and C. vesiculosus belts to
quantitatively characterize the contribution of graptolite
abundance to organic matter in different belts. And the
following research results were obtained. First, carbon is the
main element in the graptolite of the Longmaxi Formation shale,
and its content is higher, ranging from 27.23% to 32.25%.
Second, graptolite has a higher TOC content and greater carbon
enrichment than the surrounding rocks. Third, the whole-rock
TOC is obviously higher than the surrounding rock TOC,
graptolite abundance is well correlated with the whole-rock TOC,
and graptolite is an important contributor to the organic matters
of shale. Fourth, the contribution rates of graptolite in the P.
persculptus and A. ascensus belts to organic matters are 58.5%
and 55.3%, respectively, suggesting that graptolite is the primary
source for the organic matters of shale, while those in the P.
acuminatus and C. vesiculosus belts are 24.23% and 13.65%,
respectively, and the organic matter enrichment is under the
joint control of graptolite and other organisms. In conclusion,
graptolite abundance can well reflect the enrichment degree of
organic matters in shale.
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Abstract: At present, coalbed methane (CBM) development in the Qinshui
Basin has been transformed into multi-well cluster deployment
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mode from the earlier single-well deployment mode. In order to
optimize the CBM gathering and transportation system in the
Qinshui Basin further and deal with the "three highs" problem
(high energy consumption, high investment and high idling rate
of equipment) existing in the current CBM gathering and
transportation system, with the demands of two stages (i.e.,
system development and operation) taken into consideration
comprehensively, this paper established the corresponding
economic benefit calculation model and optimization model.
Then, combined with the economic and technological analysis
and software numerical simulation, a new design concept of
"pipeline network with interconnected trunk lines" was put
forward. That is to build and lay connecting pipelines between
different blocks to make the equipment spare to each other, so
that the idling rate of equipment can be reduced effectively. And
the following research results were obtained. First, the adoption
of the design concept of pipeline network with interconnected
trunk lines can realize the interconnection of gas production
systems and increase the flexibility of the pipeline network, so as
to effectively increase the average station load rate, equipment
utilization rate and operation efficiency, reduce energy
consumption, and improve economic benefit. Second, the
application effect of this concept to the productivity
construction of 4×10 m/a in a certain block of the Qinshui Basin
shows that the investment in the system is reduced by 20%, the
average station load rate increased by 30%, the operation
efficiency increased by 10%, the operation energy consumption
reduced by 20%, and the benefit increased by over CNY 20
million. In conclusion, this design concept is of an important
guiding significance to the development and construction of
new blocks in CBM fields in the future.
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Abstract: The glutenite reservoirs in the Bozhong Sag of the Bohai Bay
Basin are characterized by dense lithology, poor reservoir
physical property and late-stage hydrocarbon accumulation. And
so far, no reasonable explanation has been reached on the
relationship between the reservoir densification and the late
hydrocarbon emplacement. In this paper, a Paleogene glutenite
gas reservoir in the southwest of Bozhong Sag was taken as a
research object. Its initial hydrocarbon accumulation time was
determined, its hydrocarbon charging period was divided and its
reservoir physical properties in the period of hydrocarbon
accumulation were restored by using the analysis data of
physical property, thermal history and inclusion. Then, the effect
of compaction on the reservoir was simulated by means of
compaction simulation test, and the relationship of hydrocarbon
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emplacement was figured out by conducting the experiments of
inclusions, casting, scanning electron microscope (SEM) and X-
ray diffraction. Finally, the sequence of key densification effects
was analyzed, including quartz enlargement, clay mineral
transformation and carbonate cementation, and the reservoir
densification mechanism and its relationship with hydrocarbon
charging were investigated. And the following research results
were obtained. First, hydrocarbon charging in the deep-seated
glutenite reservoir of the study area can be divided into 3
periods. Inclusion in the early period is heavy oil and that in the
late period is of high gas/oil ratio. Second, the first hydrocarbon
charging to date from 5 Ma, when the burial depth of the
reservoir was in the range of 2 500-2 800 m, the reservoir of
medium porosity and medium permeability was dominant and
the reservoir physical properties were better. After hydrocarbon
accumulation, the basin subsided and was filled quickly and its
overlying strata are over 1 000 m thick. Third, after the first
hydrocarbon charging, glutenite experienced a rapid diagenetic
evolution at the burial depth of 2 500-3 200 m, which is
classified as the rapid compaction stage of glutenite. After
hydrocarbon charging, quartz experienced violent overgrowth of
two phases and porosity reduction was obvious. Therefore,
compaction and porosity reduction are the main mechanisms of
reservoir densification. Fourth, at the burial depth of 2 500 m to
3 500 m, it is the rapid transformation zone of clay mineral in the
study area and flower- like and the silk-like illite is quite
developed, which has a decisive influence on the permeability.
Fifth, ferrocalcite and ferrodolomite are precipitated after the
quartz overgrowth and filled the residual pores, resulting in
further reservoir densification. In conclusion, the Paleogene
glutenite gas reservoir in the study area became dense after
hydrocarbon accumulation, and diagenesis can still lead to
reservoir densification even though it is suppressed by
hydrocarbon charging.
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Abstract: The sandstone layers of the Upper Paleozoic tight clastic gas
reservoirs in the Ordos Basin are generally distributed in a
pattern of nearly NS strip, and the channel branches and
intersects frequently. A single sand body is in a multilayered
contact mode resulted from lateral accretion, and the sand
bodies at the river intersections present a feature of lying in the
nearly EW direction, which brings great difficulties to the
geosteering of horizontal wells. In order to improve the reservoir
drilling rate of horizontal wells, this paper systematically
analyzed the geosteering status of horizontal wells and the
sedimentary characteristics of reservoirs. Then, the spatial
distribution of reservoirs was predicted using 3D geological
modeling and 3D seismic. In addition, based on the cognitions
on the space distribution of sand bodies from the drilled
horizontal wells, the horizontal-well geosteering technology and
method were constantly improved and enriched. Thus, an
integrated steering technology of "fine sublayer correlation for
target entering, geology in small scale, and seismic in large
scale" based on in-depth integration of multidisciplinary
thinking was newly formed, and it was also applied on site. And
the following research results were obtained. First, under the
guidance of the sedimentation model, the target entering
process is controlled precisely and the success rate of one-trip
target entering is improved, so it is one important method for
the target steering of deviated hole sections. Second, geological
modeling can guide the drilling of horizontal wells, but to some
extent, it is deviated from the real underground geologic bodies,
so it can be used as an auxiliary horizontal-well steering method.
Third, 3D seismic steering can tell the boundary of complex river
channel and discriminate the spatial relative location of
predominant sand bodies, so it is the primary method for
horizontal-well steering to provide excellent judgement and
guidance on the steering of horizontal hole sections. Fourth,
owing to the application of this new method in 62 horizontal
wells drilled in the tight gas demonstration area, the average
horizontal section length reaches 1 430 m, the average
sandstone drilling rate is 86.2%, the average gas layer drilling
rate is 70.2%, and the gas layer drilling rate of horizontal wells is
increased by more than 10%.
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Abstract: Under the effect of pressurization, a high-flux natural gas
pipeline can be locally deformed in the process of its application,
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and consequently the service safety of line pipe steel will be
impacted severely. At present, the studies on the pre-
deformation induced hardening phenomenon mainly focus on
the base zones or weld zones, but the line pipe steel with weld
zones is rarely researched. In this paper, X80 line pipe steel with
weld zones was taken as the research object. Different tensile
pre-deformation values were adopted to simulate the
unidirectional tensile stress generated by pipeline pressurization.
On this basis, the effect of work hardening induced by the
collaborative strain of weld line and base material on the tensile
properties of pipeline steel was studied. And the following
research results were obtained. First, under the action of tensile
stress, strain response occurs in weld zones and base zones.
Second, larger crystalline grains in weld zones can effectively
increase the flow resistance of crystalline boundary and internal
dislocation, resulting in higher strain hardening capacity. And
thus the yield strength of the weld zones is higher than that of
the base zones when deformation occurs again, so the tensile
process is mainly concentrated in the base zones. Third, the
greater the pre-deformation is, the more significant the strain
hardening phenomenon is. Fourth, due to the strong strain
response in the weld zone, the fracture occurs in the base zone
and the fracture morphology changes from the micro-pore
aggregation to the quasi-cleavage fracture. In conclusion, the
research results can provide a theoretical foundation and an
experimental basis for the welding process design of X80
pipeline steel and the safety evaluation of high-flux natural gas
pipelines.
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Abstract: The Upper Sinian Dengying Formation in the Gaoshiti gas field,
Central Sichuan Basin, has always been the major payzone of
natural gas exploration and development in this basin up till
now. But due to the complexity of siliceous and heterogeneous
reservoirs there such as high temperature, high pressure, high
H2S content, well-developed pores and fractures, frequent
sticking and leakage often occur along with high risks of
blowout during horizontal-well drilling, which even makes geo-
steering, and reservoir tracing and orientation difficult. In view of
this, based on the analysis of geological and drilling
characteristics of Dengying reservoirs and the summary of actual
drilling data, we put forward a geological modeling technology
for multi-well lithofacies interpretation and reservoir
comparative analysis, fracture and hole detection through
comprehensive logging, geology and seismic data; then by
combining the real-time geo-steering technology of reservoir
identification with evaluation with LWD data, reservoir seismic
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model and cutting element analysis, we focused on the
optimization of such aspects as the inclination angle at the top
of Dengying Fm, the trajectory plan for the build-up section, the
suitable string and the directional operation scheme, and the
well trajectory technology for avoiding siliceous and tight layers,
and finally formed an integrated geo-steering technology
suitable for the geological and engineering characteristics of the
Dengying reservoirs. The field practices of five wells show that
this presented method is worth popularizing in that the drilling
goal with geological guidance has been achieved; that effective
reservoir drilling rate and drilling efficiency have been increased;
that operation risks have been reduced; and that the needs of
geological guidance under complex geological and borehole
engineering conditions in this area have been met.
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Abstract: In order to investigate the effect of typical ions in produced
liquids in oil and gas fields on the pipeline corrosion behavior in
CO2 environment, the corrosion behavior of carbon steel (N80
steel) in the environment with Cl, SO4, Ca, HCO3 and CO2 was
studied by means of corrosion simulation experiments,
combined with the electrochemical method (e.g. polarization
test and AC impedance spectroscopy test) and pH analysis
method. And the following research results were obtained. First,
Cl and SO4 have a similar effect on the corrosion behavior of
N80 steel, while Ca and HCO3 can inhibit the corrosion to some
extent. Moreover, the inhibition effect of HCO3 is better than
that of Ca. Second, the variation of pH value after the addition of
Cl and Ca is negligible. However, the addition of SO4 or HCO3
results in the increase of pH value. Third, Ca participates in the
generation of corrosion product film, leading to the decrease of
its porosity. Therefore, the corrosion rate and the inductive
reactance arc decrease in the environment of this medium.
Fourth, the existence of HCO3 increases the pH value of the
solution and decreases the corrosion of the solution. And it also
leads to the increase of CO3 concentration and promotes the
deposition of FeCO3 to make the corrosion product film more
compact and complete, so that the inductive reactance arc
measured in HCO3-containing solution disappears and the
corrosion rate of the material declines greatly. In conclusion, the
research results provide a technical and theoretical support for
the corrosion control in the petrochemical industry.
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Abstract: The discovery of Jinzhou South Buried-Hill Oilfield and BZ19-6
Buried-Hill Gasfield reveals the immense oil and gas exploration
potential of deep buried hills in the Bohai Sea area. In this area,
however, complex and diverse buried hill structures lead to
multiple classification schemes of buried hills, restricting the
understanding on buried hill types and hydrocarbon
accumulation rules in the Bohai Sea area. In this paper, the
regional geological setting was analyzed. Then, based on the
drilling and 3D seismic data in the Bohai Sea area, the
stratigraphic structure and fault distribution characteristics of
the buried hills in this area were studied, and the structural
characteristics and evolutionary mechanical mechanisms of the
buried hills were clarified. Finally, the buried-hill classification
scheme was discussed, and the oil and gas exploration potential
of buried hill belts was evaluated. And the following research
results were obtained. First, the tectonic movements since
Mesozoic lay a foundation for the development of the buried hill
structures, the Yanshan Movement During Jurassic- Cretaceous
dominates the formation of the internal structural style and
external morphology of the buried hills, and the late fault-
depression strike-slip activity since Cenozoic has a strengthening
and shaping effect on the buried hills. Second, the Pre-Tertiary
structural layer in the Bohai Sea area can be divided into
Archeozoic-Proterozoic, Paleozoic and Mesozoic structural
layers. Third, the buried hill structures can be divided into five
patterns, i.e., compressional fold, extensional fault, strike-slip,
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inversion and diapir. Fourth, the buried hills in the Bohai Sea
area present the complex characteristics of multi-genesis, multi-
structure, multi-lithology and multi-morphology. And according
to the classification principle of genesis and structure, the buried
hills in the Bohai Sea area are divided into 2 types and 7 sub-
types, among which the eroded residual mound type buried hill
and the tensile barrier type buried hill are better in the prospects
of oil and gas exploration. It is concluded that PL7-1 Mesozoic
buried hill in Bozhong low uplift and SZ36-1 buried hill in Liaoxi
uplift have better prospects of oil and gas exploration, and the
southern end of Liaoxi uplift, the western edge of Shaleitian
uplift-Qikou sag in the west of Bohai Sea area and the gentle
slope belt in the southwest of Bozhong sag are favorable areas
for hydrocarbon accumulation of buried hill.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Sinopec's Weiyuan Shale Gas Block is structurally located at the
Baimazhen syncline held by the Weiyuan paleo-uplift and
Ziliujing anticline in the Sichuan Basin. In this block, the Wufeng
Fm of Upper Ordovician-Longmaxi Fm of Lower Silurian is an
organic-rich dark shale deposit of deep-water shelf facies, whose
litho-electric characteristics of geophysical logging are obviously
different vertically and reservoir heterogeneity is strong. For
providing a guidance for target window optimization and drilling
trajectory tracking and adjustment of horizontal wells in the
Weiyuan Shale Gas Block, parameter indexes were evaluated by
refining the reservoir classification based on well logging
subdivision, fine characterization of core laminae, high-precision
geophysical prediction and genetic analysis of sedimentary
microfacies. Furthermore, the "sweet spots" of shale gas
reservoirs were predicted. Then, the target window was
optimized and the trajectory of a horizontal well was designed.
Finally, the effects of the target window of a horizontal well on
shale gas productivity were evaluated. And the following
research results were obtained. First, three types of laminae are
developed in the high-quality shale reservoir at the bottom of
Wufeng Fm-Long 1 Member, and they are vertically staggered
and overlapped, which reflects the microscopic difference of
sedimentary environment and reservoir quality. Second, shale
gas reservoirs in this block can be divided into high-quality
reservoirs, better reservoirs, general reservoirs and poor
reservoirs. Third, the sublayer 2-3 at the bottom of Longmaxi Fm
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is biogenic sedimentary microfacies and it has the characteristics
of "geological + engineering" sweet spot, e.g. high TOC
contents, high porosity, high brittleness, high gas content and
low in-situ stress difference, so it is classified as a high-quality
reservoir. Fourth, actual drilling results show that the location
selection of the target window of a horizontal well has a
significant impact on single-well shale gas productivity, and the
penetration rate of a high-quality reservoir is the key geological
factor to achieve high-yield shale gas. The research results
provide support for the evaluation of shale gas productivity and
lay a foundation for the commercial development of shale gas in
the Weiyuan Shale Gas Block.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: It is generally thought that the Bohai Bay Basin belongs to a
typical oil-type basin in the eastern China, where, for lack of gas
reserves, giant gas fields will be difficult to be formed, however,
the latest discovery of the Bozhong 19-6 deep gas field shows a
great potential of natural gas resources in the deep strata of the
Bozhong Sag. In order to give some guidance for deep-strata
gas exploration in the Bohai Bay Basin and other areas, we
discussed the accumulation modes, controlling factors and
enrichment laws in this study area. The following findings were
achieved. (1) Thick humic-sapropelic source rocks buried deep in
the Tazhong Sag have the characteristics of gas enrichment in
high maturation stage under deep burial and the material
conditions of forming large-scale gas fields. (2) The combined
main forces of rock types, stress transformation and fluid
dissolution controlled the giant-scale formation of the deep-
buried clastic rocks and metamorphic rocks, which provides
favorable reservoir conditions for the formation of large-scale
gas fields. (3) The regional caprocks of thick-deposited and
overpressured mudstones in the Tazhong Sag provide sealing
and preservation conditions for large-scale natural gas pools. (4)
A large-scale gas field intrusive accumulation model was
proposed to explain that gas accumulated later than oil in the
Bozhong Sag, characterized by abundant gas supply, late-stage
fast accumulation and insider migration. In conclusion, such a
breakthrough made in gas exploration in this study area is
attributed to the long-term strategic deployment of
"Discovering Large-scale Gas Fields in Oil-type Basins" and the
opening up of thoughts, fine research, model innovation and
technological progress.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Existing gas hydrate exploitation tools are not applicable in
large-scale and large-range mining, so exploitation efficiency
and economic performance are affected. In view of this, an
umbrella-like tool which is used for crushing and collecting gas
hydrates was designed and developed based on the exploitation
ideas and process characteristics of solid fluidization method.
Then, a three-dimensional structure model for the umbrella-like
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tool was built according to working conditions, and the steady-
state mechanical simulation and analysis was carried out. Finally,
the exploitation effects were predicted. And the following
research results were obtained. First, the whole umbrella-like
tool does not lose its stability in the working state. The
maximum stress is located at the joint between the arm and the
outer-pipe rod, where the stress is lower than the yield strength
of the given material, and the stresses at the rest parts of the
tool are also below the limit yield strength of the given material.
Second, when the arm of the tool is laterally deviated, structural
deformation may occur and affect the actual exploiting range,
but will not affect the rotary crushing on hydrates. Third, during
the power transfer of exploitation torque, the maximum
equivalent stress value of the drill pipe is less than the torsional
strength of the pipe material. The whole drill pipe has no
distortion but only a negligible displacement is generated.
Fourth, when the umbrella-like tool is used for gas hydrate
exploitation, the daily production can meet the economic
requirements, and it has the potential of exploiting gas hydrates
commercially.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Due to the restriction of the casing program, Well Longtan 1 is
faced with the following problems in the drilling of the ultra-
high pressure gas reservoir of Permian Qixia Fm in the deep area
of Jiulongshan structure of the Sichuan Basin. The complex
pressure profile of high temperature and ultra-high pressure
occurs in the same open hole section. Overflow happens when
the Ø190.5 mm borehole drills into Qixia Fm. And blowout in the
lower part and circulation loss in the upper part is induced with
the increase of pressure control circulation. In this situation, the
key to the successful completion of Well Longtan 1 is to deal
with these difficulties. In this paper, the complex coexistence of
blowout and circulation loss in Well Longtan 1 was analyzed and
the difficulties related to treatment technologies were
researched. Then, the technical idea of separating the upper
thief zone from the lower high-pressure gas reservoir and
increasing the bearing capacity of the thief zone to satisfy the
drilling fluid density required by balanced drilling was figured
out. In addition, the specific treatment measures of GZD rigid
particles + walnut shells + HHH plugging formula were worked
out as follows. First, drive the gas-contaminated drilling fluid
back into the thief zone by impelling the kill fluid forward and
backward so as to reduce the shut-in wellhead pressure. And
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then inject the cement by using the isolation method to plug
blowout layer and thief zone and stop the downhole internal
circulation. Second, the time for wellhead pressure rising and the
injection amount of plugging slurry in the process of plugging
are used to predict the approximate location of the thief zone
and estimate the characteristics of the thief zone, e.g. the size of
the leak channel and the absorption capacity of the thief zone to
plugging slurry, so as to provide a basis for adjusting the size,
concentration and usage of plugging slurry in the subsequent
operations. With these measures, the bearing capacity of Well
Longtan 1 in Feixianguan Fm was successfully increased to 2.35
g/cm, and Qixia Fm was smoothly drilled and cementing was
conducted by using the Ø168 mm casing. In conclusion, this
appropriate plugging formula can effectively enlarge the safe
density window of drilling fluid and provide useful experience
for dealing with similar problems in this block and other areas.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Recently, great discoveries have been made on the primary gas
reservoirs related to the Upper Paleozoic coal measure in the
inner buried hills of Gangbei, Wumaying and Qibei in the
Huanghua Depression of the Bohai Bay Basin, which reveals a
huge oil and gas resource potential in this depression. In order
to deepen the understanding of the controlling factors of the
Mesozoic tectonic movement in the Huanghua Depression on
the hydrocarbon generation of Upper Paleozoic coal-measure
source rocks, we analyzed the Mesozoic tectonic system and
evolution, the basin migration process and the geochemical
characteristics and hydrocarbon generation history of coal-
measure source rocks by means of structural analysis, burial-
thermal history analysis, core slice observation and basin
hydrocarbon generation simulation. In addition, the influences
of the subsidence, migration and magmatic activity of Mesozoic
basins on the hydrocarbon generation of coal-measure source
rocks were studied. And the following research results were
obtained. First, in the Huanghua Depression, there were multi-
stage and multi-type tectonic movements in the Mesozoic, and
the main tectonic events include Triassic craton uplift-
subsidence movement, Jurassic differential depression-
compression-torsion movement, Cretaceous volcanic activity
and extensional uplift movement. Second, the basin migration
process is from south to north, and the Kongdian uplift is an
important boundary of South and North migration. Third, the
Upper Paleozoic coal-measure source rocks in the Huanghua
Depression experience two hydrocarbon generation processes,
and there are early hydrocarbon reservoirs. Fourth, the Upper
Paleozoic coal measure in the Cangdong Sag reached the
effective hydrocarbon generation threshold at the end of Late
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Jurassic, and the Upper Paleozoic coal-measure source rocks in
the Qikou Sag reached the hydrocarbon generation threshold at
the end of Early Cretaceous. Fifth, the control of the Mesozoic
tectonic movement on the primary hydrocarbon generation and
evolution of source rocks is mainly embodied in two aspects. On
the one hand, basin migration events in the Mesozoic dominate
the primary hydrocarbon generation sequence of source rocks.
And on the other hand, local heating events of magmatic rocks
accelerate the hydrocarbon generation and abnormal
maturation of organic matter in source rocks. In conclusion, the
research results define the control factors of the Mesozoic
tectonic movement on the primary hydrocarbon generation and
evolution of Upper Paleozoic coal-measure source rocks, and
can be used as reference for researching the Mesozoic tectonic
movement and the hydrocarbon generation and evolution of
coal measure, restoring the protobasins and conducting oil and
gas exploration in North China.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: When using the plug pulse decay method to measure shale
permeability, a comprehensive analysis of various factors
influencing the measurement and analysis precision is conducive
to improving the accuracy of the test result. A great number of
nano-scale pores are developed in shale, so the lower the test
pressure is, the more easily the non-Darcy flow tends to emerge.
In order to ensure the gas is in the form of Darcy flow in the
process of measurement, we put forward the lower pressure
limit of Darcy flow in pores according to the definition of
Knudsen number. Then, the gas desorption-flow coupling model
for the gas flow process during the plug pulse decay
measurement was established by considering the effects of gas
on the adsorption in organic pores. After the partial differential
equation set was solved and derived, the corresponding
permeability calculation method was proposed. Finally, after the
plug pulse decay measurement, the supporting nitrogen
isothermal adsorption test and methane isothermal adsorption
test were conducted on shale samples. And the following
research results were obtained. First, during the plug pulse
decay measurement, the flow of gas in rock samples is one-
dimensional linear, so when establishing the flow equation, the
gas pseudo pressure can be replaced with the gas pressure to
simplify the calculation. Second, the adsorption of nitrogen in
shale is much less than that of methane in shale, so the influence
of nitrogen desorption on the flow is negligible when the
pressure difference (i.e.<5%) of upstream and downstream
changes within 5% of the initial pore pressure. In conclusion, the
available industrial standards don't take into consideration the
influence of gas adsorption, but the shale permeability
measurement can still satisfy the accuracy requirement.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Studying hydrocarbon charging is quite important for searching
exploration targets and confirming well locations. In this paper,
the north slope of the Minfeng sub-sag in the Bohai Bay Basin
was taken as an example. The wells Yanxie 233, Yongxie 932 and
Yan 22 were selected for on-site carbon isotope detection. Then,
based on sufficient carbon isotope data which were acquired on
the drilling site using the brand-new carbon isotopic measuring
instrument, the carbon isotope data and composition data of
natural gas produced in this area were compared. And combined
with the evolution of source rocks, the geochemical
characteristics of crude oil, the depositional environment of
reservoirs and the physical properties, single-well charging
characteristics and regional charging area of natural gas were
analyzed. Finally, the feasibility of on-site carbon isotope
detection method to discriminate hydrocarbon charging was
discussed. And the following research results were obtained.
First, deep hydrocarbon charging happened in the lower fourth
Member of Shahejie Formation in Well Yanxie 233, and its
natural gas is the mixture of the oil cracking gas of deep layers
and the thermal cracking gas of autochthonous source rocks.
Second, the natural gas in the third and fourth Members of
Shahejie Formation in Well Yongxie 932 is the thermal cracking
gas of autochthonous source rocks, but deep gas charging
occurred in particular hole sections. Third, the carbon isotope of
associated gas in Well block Yan 22 is high in the central area
and low in both sides and high in the south and low in the north,
which is accordant with the distribution characteristics of
reservoir physical properties, indicating that the charging of
high-maturity natural gas is under the control of reservoir
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physical properties. Fourth, the oil in Well block Yan 22 is the
product of autochthonous source rocks in the mature stage
while the natural gas is the autochthonous oil-associated gas
combined with the charging of deep high-maturity product. It is
concluded that there is a high-maturity hydrocarbon charging
area in the northwest of the northern slope of the Minfeng sub-
sag, and it is a favorable hydrocarbon exploration target. What's
more, the on-site carbon isotope rapid detection technology can
provide a large number of continuous three-dimensional carbon
isotope data, and it can be used to quickly analyze the
characteristics of hydrocarbon charging and determine the
source and origin of hydrocarbon, so as to provide reference for
hydrocarbon development deployment.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Studies on the preservation of pores in sandstone reservoirs
under the conditions of great burial depth and high temperature
are still in dispute in terms of preservation mechanisms,
application conditions and experimental simulation. In order to
better analyze the preservation mechanisms of intergranular
pores in sandstone reservoirs, we reviewed domestic and foreign
research achievements on the preservation of sandstone
intergranular pores in recent years in this paper. Then, the
effects on reservoir quality by grain coating development, pore
fluid overpressure, heat flow disturbance related to foreign salt
and hydrocarbon charging were described. Finally, the future
research trend and direction on pore preservation mechanisms
were pointed out. And the following research results were
obtained. First, grain coating development can preserve
intergranular pores by inhibiting quartz overgrowth. Chlorite
coating is mainly developed in the sedimentary environments of
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delta and fluvial facies. Reservoirs with coarser sandstones and
higher grain surface coverage ratio of chlorite coating tend to be
high-quality reservoirs, and its inhibition on quartz cementation
is superior to illite coating. Micritic quartz coating exerts an
inhibition effect on quartz overgrowth by combining the nano-
scale thin layer of syngenetic amorphous silicon and chalcedony
with the aggregate of micritic quartz. Second, pore fluid
overpressure is a kind of important pore preservation
mechanism for shallow sandstones through inhibiting
compaction and pressolution. Third, the existence of foreign salt
can inhibit the geotemperature, so as to reduce the amount of
quartz overgrowth in sandstone reservoirs. And in the
sandstones with thicker salt and early emplacement, more
intergranular pores can be preserved easily. Fourth, the influence
degree of hydrocarbon charging on pore preservation can be
hardly evaluated quantitatively. In conclusion, the analysis and
prediction on the factors influencing the preservation of
intergranular pores in deep sandstone reservoirs are still in the
stage of microscopic observation and experimental simulation,
and the regional prediction and identification technologies shall
be explored further. What's more, the simulation on the
evolution of sandstone reservoir porosity based on the
cognitions of pore preservation mechanisms is the research
difficulty and emphasis in the future.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: When the flow rate of wet gas is measured, overreading is
common, which leads to inaccurate measurement. In order to
solve this problem, this paper firstly analyzed the overreading
mechanisms of wet gas measurement based on the principle of
Venturi flow rate measurement. Then, a great number of tests
were carried out on low-pressure wet gas measurement, and the
calculation errors of existing empirical models were
comparatively analyzed. On the basis of the gas-liquid fractional
flow model, the void fraction was measured by means of the
Gamma ray technology, and combined with the Venturi
measurement result, the superficial liquid velocity was obtained.
Finally, regression analysis was carried out, and a new model for
correcting the overreading of wet gas flow rate was proposed.
And the following research results were obtained. First, the main
reason for the overreading of wet gas flow rate measured in
Venturi tubes is that due to the existence of liquid phase, gas
phase is blocked, which results in accelerated pressure drop and
friction-drag pressure drop caused by the acceleration of gas
phase to liquid phase. Second, the overreading of Venturi flow
rate measurement is mainly related to the parameters that can
characterize the liquid carrying rate, such as Lockhart-Martinelli
(LM) parameter, superficial liquid velocity, void fraction and
dryness fraction. Third, in practical application, LM parameter in
existing models cannot be measured directly. Fourth, there is a
stronger linear relation between the superficial liquid velocity
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and the overreading of Venturi measurement. And the gas flow
rate calculated based on this relation is the least in the root-
mean-square (RMS) error. Fifth, beginning from the gas-liquid
two-phase fractional flow model, the Venturi measurement and
the void fraction measured by means of Gamma sensor can be
used to calculate the superficial liquid velocity, so a new model
for correcting the overreading of gas flow rate can be
established. In conclusion, the gas flow rate measured in the
newly established model has an RMS error of 5.1%, which can
satisfy the requirements of actual measurement. The research
results provide a new method for the engineering application of
wet gas measurement.
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Abstract: In order to clarify the future exploration direction of large-scale
biogenic gas reservoirs, this paper reviewed the basic
information of 18 global major development areas of biogenic
gas reservoirs and the petroleum geological conditions of 14
development areas of primary conventional biogenic gas
reservoirs of early biogenesis. Then, the distribution
characteristics of primary biogenic gas reservoirs and their
relationships with the hydrocarbon accumulation conditions
were analyzed. Finally, the macroscopic geological conditions for
the formation of large-scale primary biogenic gas reservoirs
were summarized. And the following research results were
obtained. First, the reserve distribution of biogenic gas reservoirs
is characterized by young reservoir age, smaller burial depth and
deep-water and ultradeep-water remnant ocean basin. Second,
over 70% reserves of the primary conventional biogenic gas
reservoirs of early biogenesis in the whole world are distributed
in the sedimentary environments related to palaeodelta river
mouth or submarine fan (especially large-scale deepwater fan)
with low surface (sea floor) temperature and low geothermal
gradient. Third, the thick sandstone-mudstone strata developed
in these areas have a high sedimentation rate and a low
sandstone/formation ratio. Therefore, the source rocks
dominated by humic organic matter with a certain abundance
(TOC>0.5%) are formed, and they can not only provide large
space and nutrient for the microbe activity in the long period,
but also inhibit the dispersion of biogenic gas. In conclusion, the
future exploration direction of large-scale biogenic gas
reservoirs focuses on the areas with the following four
conditions, including a permafrost region and a deepwater zone
with low surface (sea floor) temperatures, a basin with a low
geothermal gradient, sedimentary environment related to
palaeodelta river mouth-submarine fans and positive structure
belts with moderate tectonic activity intensity. Specifically,
exploration direction is as follows: (1) The deepwater zones at
the outer belt of passive continental margin basin with large
provenance, e.g. the deepwater of the Niger Delta Basin, Congo
fan, Amazon fan and some palaeodelta development area at
both sides of the South Atlantic; (2) The remnant ocean basins
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with large submarine fan, e.g. Bengal fan and Indus fan; (3) The
foredeep zones of foreland basin with the characteristics of deep
foredeep, e.g. the eastern foredeep of Papuan Basin; (4) The sags
inside the craton basins in those permafrost areas.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In June 2019, the Ministry of Finance issued the "Supplementary
Notice on 'Provisional Measures on the Administration of Special
Fund for the Development of Renewable Energy'", which is
called the "New Policies" on unconventional natural gas
subsidies in the energy industry and it arouses intensive
concerns and discussions. In this paper, the "New Policies" was
analyzed and illustrated. And the following characteristics were
summarized. First, the subsidy period and scope of
unconventional natural gas are increased. The subsidy period is
extended to the year of 2023 and the subsidy scope is expanded
from shale gas and coalbed methane to tight sandstone gas.
Second, the subsidy object is the exploitation utilization volume,
which is in accordance with the direction of market-oriented
reform. And for tight gas, only the incremental of exploitation
utilization volume compared with that in 2017 is taken into
account. Third, different distribution coefficients are assigned on
the basis of development difficulty, so the priority is highest for
coalbed methane, then shale gas and lowest for tight sandstone
gas. Fourth, reward is awarded for the increase and penalty is
exerted for the reduction. The more the increase is, the more the
subsidy is. Fifth, peak shaving in heating seasons shall be
promoted. Sixth, the total subsidy is cut into several parts, and
the supplementary reward is distributed afterwards. Then, the
problems which may be faced during the implementation of the
"New Policies" were analyzed further as follows. First, the
difference between the wellhead production of natural gas and
the commodity volume shall not be neglected. Second, the
correct statistics on the commodity volume (utilization volume)
of natural gas is related to the overall development situation and
shall be solved in time. Third, practice is the only way to verify
the promotion degree of financial subsidy to the development
of unconventional gas. Fourth, it is necessary to increase the
total subsidy of unconventional gas. In conclusion, the reward
and subsidy policies on the production of unconventional oil
and gas needs modifying and completing in the practice and the
definite regulations or countermeasures shall be prepared
before or during the implementation of the policies.
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Abstract: In order to reduce the adsorption damage of guar fracturing
fluid to porous sandstone media and relieve its damage to the
permeability of tight sandstone reservoirs, we took the
sandstones of the Shaximiao Fm, Middle Jurassic in the Sichuan
Basin, as the research object in this paper. The adsorption
capacity of guar gum on the sandstone surface was determined
by conducting thermogravimetric experiments. Then, the
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adsorption mechanisms of guar fracturing fluid in porous
sandstone media were analyzed using X-ray photoelectron
spectroscopy test combined with the core flow experiment.
Finally, the change of sandstone pore throat structure caused by
the adsorption of fracturing fluid and the effect of hydrogen
bond inhibitor on the comprehensive performance of fracturing
fluid were studied by means of nuclear magnetic resonance and
CT image. And the following research results were obtained.
First, fracturing fluid can be adsorbed inside porous rock media,
leading to the reduction of rock pore size and the deterioration
of reservoir permeability, and its adsorption capacity is about 3.9
mg/g. Second, the multiple hydrogen bonds composed of
oxygen groups and guar molecules on the sandstone surface are
the main action for the adsorption between porous sandstone
media and fracturing fluid, so hydrogen bond inhibitor can
reduce the adsorption capacity of guar gum in sandstones and
decrease its damage degree to reservoir permeability. Third, the
addition of hydrogen bond inhibitor has little effect on the
rheological properties of fracturing fluid, but it can greatly
reduce the surface tension and residual content of gel breaking
fluid. In conclusion, hydrogen bond inhibitor can eliminate the
adsorption between guar gum and sandstones and effectively
decrease the damage of guar fracturing fluid to reservoirs
without any effect on the comprehensive performance of
fracturing fluid. The research results are of great significance to
understanding the performance of hydrogen bond inhibitor,
improving guar fracturing fluid system, and promoting the
stimulation effects of tight sandstone reservoirs.
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Abstract: The Beschkent Depression in the Amu Darya Right Bank Block of
Turkmenistan has a special depositional environment of low-
energy deepwater gentle slopes where the geological
understanding has been so little known currently that natural
gas exploration there is quite difficult. In order to speed up the
natural gas exploration in the Beschkent Depression, this paper
analyzed the depositional characteristics of Callovian and
Oxfordian of Middle-Upper Jurassic and the basal
palaeogeomorphology. Then, from the perspective of
geophysics, the characteristic investigation and seismic
identification of reef beach in the depositional environment of
low-energy deepwater slopes were carried out by means of reef-
beach body thickness identification, discontinuous seismic
attribution extraction and forward modeling based on wave
equation, and accordingly the distribution of reef beach was
confirmed. Finally, an integrated seismic and geologic
identification method suitable for the Beschkent Depression was
developed. And the following research results were obtained.
First, in the Beschkent Depression, the rock types of Callovian-
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Oxfordian stage are mainly micrite grainstone, grain micrite and
micrite. The depositional environment is mainly middle-outward
gentle slope facies in the Callovian stage, and upper-lower slope
facies in the Oxfordian stage, presenting obvious depositional
characteristics of low-energy gentle slope. Second, three sub-
palaeouplifts are developed in the basal palaeogeomorphology
of the Beschkent Depression and the palaeogeomorphologic
characteristics of being high in the northwest and low in the
southeast are presented, which lays a geomorphologic
foundation for the development of reef beach in the later stage.
Third, based on 3D seismic data, 68 reef-beach bodies larger
than 1 km are identified in the study area, with a total area of
187.3 km. The northern and central-southern parts of the
Beschkent Depression are the favorable zones for the
development of reef beach. Fourth, it is revealed from the
integrated geologic and seismic interpretation that Well block
G22 and T21 in the northern part of Beschkent Depression and
Well block B21-H21 in the central-southern part and its
periphery zone are favorable zones. Two wells deployed and
drilled in the favorable zones produce high-yield gas flow. In
conclusion, this proposed integrated seismic and geologic
identification method for subsalt small-scale reef beach in the
depositional environment of deepwater gentle slope presents
remarkable application effects. It promotes the significant
breakthrough in the exploration of carbonate gas reservoirs in
the Beschkent Depression and also provides some reference for
the exploration of similar gas reservoirs.
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Abstract: In the Sichuan Basin, the drilling of complex deep and ultradeep
wells is restricted by the casing sequence. Multiple pressure
systems are usually encountered in the same open hole section,
and narrow safety density window is observed in vertical strata.
The application of managed pressure drilling (MPD) technique
which is often used in well drilling ensures the safe and efficient
drilling, but it also brings about great challenges to the small-
gap liner cementing at the lower part. Therefore, it is of great
practical significance to research a cementing technology that
can not only satisfy the quality requirement of small-gas liner
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cementing, but also ensure the safe cementing in the strata with
narrow safety density window. In this paper, a cementing
technology based on precise managed pressure balancing
method was proposed by referring to the successful application
of MPD technique. According to the cementing design, the
hydrostatic column pressure of annulus fluid is underbalanced
(slightly lower than the formation pore pressure), and then a
precise managed pressure drilling device is adopted to produce
back pressure through wellhead restriction or apply wellhead
compensation pressure, so that the balanced pore pressure can
be reached in the process of cementing via the wellhead
pressure and the flow friction of fluid in the annulus. After the
cementing is completed, a certain compensation pressure is
applied to the annulus continuously to prevent annulus
channeling during waiting on cement caused by insufficient
static pressure and slurry weight loss. After this technology was
applied to an ultradeep exploration well in the Sichuan Basin,
the qualification rate of borehole cementing quality reached
97%, and the well sections with good cementing quality
accounted for 76%. In conclusion, this technology needs no
additional equipment, and only by virtue of the MPD equipment,
it can achieve safe cementing construction and cementing
quality improvement under high displacement efficiency.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Applying horizontal well drilling and large-scale sand fracturing
in shale gas reservoirs can increase production, but the problem
of gas wellbore blockage occurs frequently. How to remove the
residual bridge plug debris and sand in plug drilling operation
and ensure that the downhole production channel of a shale gas
well is unblocked is important in the safe production of the shale
gas well. In this paper, the current situations of the wellbore
cleaning technology for horizontal wells were analyzed, and the
technical difficulties in the wellbore cleaning treatment of shale
gas horizontal wells were summarized. Then, based on the
development of wellbore cleaning technologies for horizontal
wells all over the world, technical researches were carried out on
the cleaning tools and technologies and the working fluid
performance, and cleaning treatment tools were researched and
developed. Finally, the technical countermeasures of cleaning
treatment were put forward and their field application effects
were analyzed. And the following research results were obtained.
First, the milling-fishing integrated tool developed to treat large-
diameter bridge plug can realize the washover and fishing of
large-diameter bridge plug by one trip after running in the hole.
Second, when the reverse cyclone sand-washing tool is applied
in long horizontal sections, it can prevent sand from settling so
as to reach the target of flushing sand out of wellbore. Third, for
normal pressure and high pressure wells, gas well backflow fluid,
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KCl and CaCl2 solution can be used as working fluid, while for
low pressure wells, foam fluid can be used. Fourth, for low
pressure wells, the negative pressure fishing tool was designed
and optimized to drive debris or sediment into the tool by
forming local negative pressure adsorption, so as to complete
the fishing operation. In conclusion, this new wellbore cleaning
technology suitable for shale-gas horizontal wells lays a
foundation for large-scale wellbore cleaning treatment of shale
gas wells.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: The solubility of natural gas in crude oil is one of the important
parameters of oil and gas solubility. In engineering, it can be
obtained only from the chart, but the results are not accurate
enough and this method is not convenient to use and not
applicable for quick field application. In order to accurately and
quickly calculate the solubility in the actual engineering, it is
necessary to take points from the chart of API relative density
and dead oil molar mass in the Lasater model and fit them into a
functional relationship. Then, based on the original Lasater
relation, a new model was derived from the mathematical
model. So long as 4 known parameters (i.e., absolute pressure,
temperature, relative density of dead oil to water and relative
density of natural gas to air) are introduced into this new model,
the solution gas oil ratio (GOR) can be calculated quickly by a
computer. And the following research results were obtained.
First, compared with Lasater relation, this new model simplifies
the tedious iteration, and it can not only calculate the solution
GOR in one step, but also reflect the effects of each parameter
on the solution GOR in its formula. Second, the GOR increases
with the increase of absolute pressure, decreases with the
increase of temperature and relative density of natural gas to air,
and increases firstly and then decreases with the increase of
relative density of dead oil to water. In conclusion, this new
model can accurately and quickly calculate the solution GOR and
its calculation result is highly consistent with that of the Lasater
model. In addition, this new method improves the calculation
efficiency and accuracy of solution GORs in engineering, thus it
is worth popularizing.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In recent years, S-wave seismic exploration has been performed
in the Sanhu Depression of the Qaidam Basin, but low-relief
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structures are developed in this area, which are mixed with the
"low-amplitude" abnormality caused by S-wave static correction
and can be hardly distinguished. In this area, S-wave surface
survey can hardly control the variation of the surface S-wave
velocity model, the near-offset first arrival of S-wave is seriously
contaminated, and the high-velocity interface cannot be
determined easily due to the development of S-wave refracting
layers. In view of these difficulties, the first arrival of S-wave in
the contaminated area was firstly predicted using the curve
fitting technique to ensure the integrity of the first arrival. Then,
S-wave surface velocity was inverted under the joint constraint
of the surface wave model and the multilayer refraction
stratification. Finally, the low-amplitude abnormality eliminating
techniques used for S-wave velocity interface were determined
using the horizon matching modeling technique based on
velocity spectrum analysis. What's more, these techniques were
applied on site and their application effect was evaluated. And
the following research results were obtained. First, the curve
fitting technique can compensate the blank first arrival of S-
wave in the contaminated area near the trace, so as to ensure
the integrity of the tomographic inversion model. Second, the
inversion modeling based on the dispersion characteristics of
Rayleigh wave can provide the reliable data of the shallow S-
wave velocity in this area so as to improve the accuracy of the
shallow model. Third, the inversion under the joint constraint of
the surface wave model and the multilayer refraction
stratification can invert the surface S-wave velocity field in this
area more accurately, so the S-wave velocity model can be
better established and the "low-amplitude" abnormality in the S-
wave section can be eliminated. In conclusion, the proposed
techniques for eliminating the low-amplitude abnormality in S-
wave seismic exploration can eliminate the "low-amplitude"
abnormality caused by S-wave static correction, so as to improve
the imaging quality of S-wave seismic data.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: China issued in 2017 Some Opinions on Deepening Reform of
Petroleum and Natural Gas System. Subsequently, relevant
ministries successively issued a series of new policies on oil and
gas related reform, one of which is that the marketization
process of oil and gas exploration and development is
encouraged to be accelerated. Under the background of oil and
gas system reform, it is of great practical significance to study
the assignment mechanism among those state-owned giant oil
and gas enterprises. Therefore, combined with the main
practices of mineral rights management in other countries and
the assignment of mineral rights of international oil companies,
based on China's oil and gas mineral rights assignment policy,
competitive assignment and assignment practices, the basic
ideas and mechanisms for the assignment of mineral rights of
giant state-owned oil and gas enterprises were proposed as
follows. (1) Follow the guiding ideology of hierarchical
classification and phasing, and generally adhere to the principles
of marketization and of "four categories, three methods & two
stages" in the design of the framework of mineral right



2020/6/21 Print Record(s)

340/361

assignment. (2) Set up a mineral rights management leading
group as well as specialized risk exploration companies, improve
the decision-making mechanism for the assignment of mineral
rights, and complete the management of the assignment of
mineral rights. (3) Continue to strengthen the protection and
internal assignment of mineral rights in Classes I and II blocks. In
the short term, it is necessary to strengthen special investment
in key guarantee blocks, continue to promote internal
assignment, and innovate exploration and unused reserves
project management system and mechanism, innovate the
cooperation mechanism of Party A and Party B. In the long term,
it is necessary to explore effective mineral rights management
system, establish a linkage mechanism for mineral rights
protection and assignment, and foster a competitive and
competitive internal mineral rights market. (4) Appropriately
increase the proportion of cooperative exploration and
development of mineral rights joint venture and cooperation of
Class III blocks, and focus on offshore and deep-water
cooperative exploration and development projects. (5) Gradually
explore the external competitive assignment of Class IV blocks,
expand the scope of assignment in light of the progress of
national qualification approval in the short run, and realize
market-oriented competitive assignment in the long run.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: We are now experiencing the global third energy transition from
fossil to non-fossil fuels such as hydrogen energy. In order to
provide some reference for decision makers to strive for energy
transformation and energy independence in China, we first
overviewed the status and developing trend of hydrogen
industry at home and abroad, then discussed the development
ways of synthetic hydrogen production and storage
technologies, and finally emphasized the strategic position of
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hydrogen industry. The following findings were achieved. (1) To
develop the hydrogen industry is a strategic choice to optimize
the energy structure and guarantee the national energy security,
and will play an important role in achieving the goal of energy
independence in China. (2) The global hydrogen industry has
reached a certain scale, and fossil energy resources are still the
main raw materials for hydrogen production; hydrogen made
from in-situ coal gasification accords with the national condition
of China, showing a great potential. (3) New energy sources
integrated with hydrogen energy will be the main trend of future
energy consumption. (4) Hydrogen production from electrolytic
water will go through the whole process of hydrogen industry.
(5) Safe and high-efficiency hydrogen storage is the key to the
practical application of hydrogen energy and liquid hydrogen
storage will be the dominated way in the future. On this basis,
the following conclusions and proposals were put forward. (1)
Although the infrastructure is still at the initial stage, the
hydrogen industry is developing fast. (2) In the short run,
breakthrough will be made in hydrogen production from the in-
situ coal gasification and such hydrogen industry chain will be
preliminarily formed. (3) In the middle run, hydrogen industry
will be driven to be a new economic growth point and play an
important role in new energy strategies. (4) In the long run,
hydrogen energy will be such an important part in the energy
mix that not only "Hydrogen China" but "Energy Independence
of China" will be both achieved with the assistance of new
energy sources.
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Abstract: It is difficult to determine the effective reservoir rock
compressibility, aquifer volume and water influx of high pressure
and ultra high pressure gas reservoirs, so when the traditional
apparent reservoir pressure and cumulative gas production
curve extrapolation method and its modified version are used to
calculate the initial gas in-place of such gas reservoirs, the
calculation accuracy is lower. The material balance equation in
the form of power function for such gas reservoirs was
established based on Gonzalez method in order to improve the
accuracy and reliability of reserve evaluation. Then, based on 20
high pressure and ultra high pressure reservoirs that had been
developed abroad, the empirical value of the power exponent
was defined, and the influences of the depletion degree of
apparent reservoir pressure and the degree of reserve recovery
on the reliability of reserve calculation were analyzed. Besides,
the critical value of the key parameter affecting the reliability of
reserve evaluation (depletion degree of apparent reservoir
pressure) was determined and compared with the critical value
of the two-linear trends. Finally, an example calculation was
carried out. And the following research results were obtained.
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First, the empirical value of the power exponent calculated using
the material balance method in the form of power function is
1.028 47, with an upper limit of 1.115 67. Second, the depletion
degree of apparent reservoir pressure corresponding to the
inflection point of the classical two-linear trends ranges from
0.14 to 0.38 with an average of 0.23 while that corresponding to
the extrapolation point of the second straight line is between
0.23 and 0.50 with an average of 0.33 and the corresponding
degree of reserve recovery is in the range of 33%-65% with an
average of 45%. Third, the reserves of such high pressure gas
reservoirs calculated with this new method has an error rate less
than 10% if the depletion degree of apparent reservoir pressure
is greater than 0.33. In conclusion, for such high pressure gas
reservoirs and the stress-sensitive fractured gas reservoirs, the
material balance method in the form of power function
proposed in this paper can avoid the uncertainty parameters
(e.g. effective reservoir rock compressibility, aquifer volume and
water influx) and it is advantageous with simple calculation
process, better practicability and small error.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Injection pressure is one of the key parameters used in the
design of shale gas reservoir stimulation. Higher injection
pressure helps to initiate fractures, inject fracturing fluid and
proppant smoothly and maximize the stimulated reservoir
volume as soon as possible. If the injection pressure is too high,
however, the risk of casing deformation is increased significantly.
In this paper, the numerical calculation format of the injection
pressure safety window while ensuring casing integrity (i.e.,
maximum safety injection pressure) was proposed based on an
example of an actual engineering project. Then, it was verified
based on the actual situation of one shale gas well in Weiyuan.
The numerical calculation format is as follows. First, a 3D finite
element model of initial fine geostress field is established in the
scale of block. Second, a primary submodel for introducing the
asymmetric characteristics of reservoir stiffness to simulate the
asymmetry of fracture distribution. Third, a secondary submodel
containing the attributes of casing, cement sheath and reservoir
material properties. Fourth, submodels are used to calculate the
casing deformation generated by different injection loads and
estimate the maximum allowable fracturing injection pressure
(pj) while the safety requirement of casing deformation is
satisfied. The calculation result of the case well shows that when
the cementing quality is poor and fractures are distributed
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asymmetrically, the lateral and vertical displacements at the
maximum displacement point of the casing under the injection
pressure of 80 MPa are obviously lower than those under 90
MPa. According to the yield limit criterion of P-110 casing steel,
the casing deformation in this case is elastic strain, so the
injection pressure of 80 MPa is safe. In conclusion, this method
has rational precision and accuracy, for its numerical result is
consistent with the actual engineering phenomenon.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: In order to ensure the safe operation of the suspending pipeline
crossing the Lancangjiang River, it is necessary to explore a
scheme on its rockfall control. In this paper, the rockfalls on the
left bank of the Lancangjiang River suspending pipeline were
taken as the study object. Their movement was simulated by
using the Rocfall software, and the influences of weight and
dropping height of rockfall on its striking position in the pipeline
and its maximum kinetic energy while striking the pipeline were
analyzed. Then the rockfall weight inducing the pipeline failure
was calculated by loading on the pipeline model in the CAESARII
software. Finally, the rockfall control measure was proposed
based on the topography at the left bank, combined with the
distribution situations of rockfalls. And the following research
results were obtained. First, the weight and dropping height of
rockfall have little effect on its striking position in the pipeline.
The striking points are distributed in a range of 13 m from the
beginning of the suspending pipeline. Second, the kinetic
energy of falling rock hitting the pipeline is less affected by the
dropping height, but it is almost linearly related to the weight.
Third, the rockfalls exceeding 1 000 kg may lead to pipeline
failures. Fourth, by setting SNS flexible protection mesh with the
height of 2 m and 4 m at the coordinates (208 m, 1 274 m) and
(250 m, 1 225 m) respectively, the rockfalls can be effectively
intercepted so as to ensure the safety of the Lantsangjiang River
suspending pipeline. In conclusion, the striking possibility of
rockfalls on the Lancangjiang River suspending pipeline can be
reduced effectively and its safety can be ensured by studying the
rockfall movement and taking active protection measures.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: Strength decline of oil well set cement is one of the major
challenges during well cementing under high temperature.
Therefore, it is necessary to verify and confirm whether nano-
SiO2 can mitigate this problem and its working mechanism. In
this paper, the mineral composition and microstructure of set
cement and the elements of its hydration product were
experimentally analyzed by using a X-ray diffractometer, a
scanning electron microscope and an energy spectrometer.
Then, the effect of nano-SiO2 sol on the compressive strength of
Class G oil well set cement and its change laws under high
temperature (150℃/35 MPa) were investigated. Based on this,
the working mechanism of nano-SiO2 sol on the hydration
product of cement under high temperature was studied. And the
following research results were obtained. First, nano-SiO2 sol
can increase the consistency coefficient of Grade G oil well slurry
and has an adverse impact on the rheological property of slurry.
Second, nano-SiO2 sol can decrease the compressive strength of
set cement in the early stage of high temperature curing, but the
compressive strength of the set cement with nano-SiO2 sol will
not change obviously as the curing goes. Third, if a small
amount of nano-SiO2 sol is added into Grade G oil well cement,
nano-SiO2 particles are adsorbed to the surface of cement
minerals to hinder the hydration reaction, so it can mitigate the
evaporation metamorphism of the hydration product of cement
under high temperature. Besides, nano-SiO2 particles can
improve the micro-structural compactness of the cement.
Fourth, if a large amount of nano-SiO2 sol is added into Grade G
oil well cement, pozzolanic reaction happens between nano-
SiO2 and calcium hydroxide, generating a new type of
structurally loose honeycomb calcium silicate hydrate (CSH)
product, which cannot provide higher compressive strength. In
conclusion, nano-SiO2, as cement additive, can mitigate the
strength retrogression of oil well cement under high
temperature. These research results provide a new idea for the
design of a high-temperature cement slurry system.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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Abstract: So far, there has been no unified criterion on the line pack
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control at home and abroad, and the line pack control principle
is commonly formulated based on operation experience,
combined with pipeline simulation. In addition, there is no
theoretical calculation basis for maximum, minimum and
optimum line packs. In this paper, the Trans-Asia Gas Pipeline AB
was taken as the research object. Its maximum, minimum and
optimum line packs were calculated by means of the dynamic
programming algorithm. Then, a set of three-level line pack
control principles and methods for gas pipelines were developed
based on operation experience and pipeline simulation results.
And the following research results were obtained. First, for a
given pipeline throughput, the maximum and minimum safe line
packs are determined using the dynamic programming method
while the feasible operation ranges of gas turbine driven units in
compressor stations and the limit values of pipeline operation
are satisfied. Second, based on the operation dispatching
experience, a reasonable interval of line pack for normal
operation of a gas pipeline is determined by conducting
simulation. Third, the operation scheme with the minimum self-
consuming gas (or energy consumption) and its corresponding
line pack are determined by using the dynamic programming
method, and it is taken as the objective of line pack control
during daily pipeline operation. Fourth, when this line pack
optimization method is applied in the Trans-Asia Gas Pipeline
AB, at the same pipeline throughput, the self-consuming gas is
383.8 thousand m more, the average efficiency of centrifugal
compressors is 0.21% higher, and percentage of outlet pressure
of 9.50-9.65 MPa of compressor stations is 6.6% higher in 2014
than in 2013. It is concluded that by virtue of this method, the
line pack can be controlled below the maximum safe line pack
and above the minimum safe line pack, and it can be kept
according to the minimum self-consuming gas as much as
possible.
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Abstract: The injection-production wells of the Xiangguosi Underground
Gas Storage (UGS) in Chongqing are mostly highly-deviated
wells and horizontal wells. The completion strings are complex
and the gas injection-production rate of single well is high, so it
is difficult to test the injection-production capacity of gas wells
by using conventional testing tools, instruments and processes.
For this reason, it is in urgent need to develop a suitable testing
technology. In this paper, a coiled tubing testing technology
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suitable for the injection-production capacity testing of
horizontal wells with high gas injection-production rate in the
Xiangguosi UGS was developed through tool matching,
instrument improvement and process optimization. And this
technology has been successfully applied to the injection-
production capacity testing of 10 wells by 12 times. Finally, the
testing results were comparatively analyzed. And the following
research results were obtained. First, this coiled tubing testing
technology can satisfy the requirements of injection-production
capacity testing of horizontal wells with high gas injection-
production rates. And the tested maximum gas injection and
production rates are 260×10 m/d and 225×10 m/d, respectively.
Second, even in the same well, the injection-production capacity
is different, so it is necessary to test and evaluate the injection-
production capacity of each well in different injection and
production cycles. Third, at high gas injection rate, high-speed
non-Darcy percolation occurs near the wellbore and it may
threaten the injection-production safety. And after periodic gas
injection, the decline of reservoir temperature near the wellbore
will influence the storage capacity. In conclusion, this coiled
tubing testing technology presents real and reliable data, and it
provides a technical support for the injection-production
capacity evaluation of injection-production wells of
underground gas storages, the arrangement of single-well
injection-p roduction plan and the check of storage capacity.
© 2019, Natural Gas Industry Journal Agency. All right reserved.

Number of
references:

9

Main heading: Injection (oil wells)

Controlled terms: Boreholes  -  Coiled tubing  -  Digital storage  -  Gas industry  -
 Horizontal wells  -  Instrument testing  -  Natural gas well
completion  -  Natural gas well production  -  Oil field
equipment  -  Optimization   -  Petroleum reservoir evaluation  -
 Solvents  -  Underground gas storage  -  Well testing

Uncontrolled
terms:

Chongqing  -  Dynamic monitoring  -  Production capacity  -
 Production rates  -  Production wells  -  Storage capacity  -
 Testing technology

Classification
code:

511.1 Oil Field Production Operations - 511.2 Oil Field
Equipment - 512 Petroleum and Related Deposits - 522 Gas
Fuels - 619.1 Pipe, Piping and Pipelines - 722.1 Data Storage,
Equipment and Techniques - 803 Chemical Agents and Basic
Industrial Chemicals - 921.5 Optimization Techniques

DOI: 10.3787/j.issn.1000-0976.2019.02.008

Database: Compendex

Compilation and indexing terms, © 2020 Elsevier Inc.

216.



2020/6/21 Print Record(s)

359/361

Accession
number:

20194207561173

Title: Impact of cement slurry invasion on the propagation of
hydraulic fractures in coal reservoirs

Title of
translation:

固井水泥浆侵入对煤储层压裂裂缝延展的影响

Authors: Chen, Lichao ; Wang, Shengwei ; Zhang, Diankun ; Li, Rui ; Lü,
Shuaifeng

Author affiliation: School of Mining and Technology, Inner Mongolia University of
Technology, Hohhot; Inner Mongolia; 010051, China

State Key Laboratory of Coal and CBM Co-mining, Jincheng
Anthracite Mining Group, Jincheng; Shanxi; 048204, China

Faculty of Earth Resources, China University of Geosciences,
Wuhan; Hubei; 430074, China

Source title: Natural Gas Industry

Abbreviated
source title:

Natur. Gas Ind.

Volume: 39

Issue: 8

Issue date: August 25, 2019

Publication year: 2019

Pages: 74-81

Language: Chinese

ISSN: 10000976

CODEN: TIGOE3

Document type: Journal article (JA)

Publisher: Natural Gas Industry Journal Agency

Abstract: At present, invasion mode, morphology and scale of cement
slurry in the immediate vicinity of a coalbed methane (CBM) well
and their impacts on the propagation of hydraulic fractures in
coal reservoirs and their intrinsic relationships with the
production effects of the CBM well were less researched. In
order to deepen the theories on the propagation of hydraulic
fractures in coal reservoirs and provide support for the
optimization of CBM well hydraulic fracturing scheme, this paper
selected the blocks in the Qinshui Basin whose matrix-fracture
development combinations in coal reservoirs are totally different
as the research objects. The invasion modes of cement slurry
and the morphologies and scales of cement sheath in the wells
deployed at different locations were characterized
systematically, and the fracturing mechanics criteria in different
invasion modes of cement slurry were analyzed. Then, in view of
the drilling difficulties of deep gas wells, the actual problems
related to the invasion characteristics of cement slurry were
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dissected, and the definition of fracture pressure equivalent was
proposed. Finally, the fracturing and production data of 39 CBM
wells in the Zhengzhuang Block were analyzed, and the
influences of different invasion modes of cement slurry on the
fracturing and production of CBM wells were summarized. And
the following research results were obtained. First, the invasion
modes of cement slurry in CBM wells include three types, i.e.,
normal cementing type [primary structural coal matrix (PCM)],
thickening type [tectonic coal (TC)] and coal-cement cementing
interface type [primary structural coal fracture (PCF)]. Second,
when the fracture pressure equivalent (pt) is less than 1.50 MPa,
cement slurry is evenly filled in borehole-casing annulus of gas
well, which indicates that the gas well is located at PCM; when pt
is in the range of 1.50-9.00 MPa, cement slurry invades into the
reservoir through the structural joint fissures to form cemented
filter cakes, which indicates that the gas well is located at PCF;
and when pt is greater than 9.00 MPa, cement slurry thickens to
form spindles in the collapse space of hole annulus, which
indicates that the gas well is located at TC. Third, the gas
production rate of the CBM well deployed at PCM remains
stable for a long time after increasing slowly to the peak, and
then declines slowly. That of CBM well deployed at TC reaches
its peak value rapidly at the initial stage of the production and
then decreases quickly. It's the gas production rate of the CBM
well deployed at PCF increases rapidly to the peak value at the
initial stage of the production, but its stable production lasts
short, and then it declines slowly.
© 2019, Natural Gas Industry Journal Agency. All right reserved.
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