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Abstract 

Limestone is exposed in different periods in the shale mountain area, and the lithology 
changes greatly, and it is affected by weathering, leaching, and denudation. The caves 
and cracks are very developed, resulting in serious attenuation of seismic wave energy, 
and the seismic wave propagation path and seismic wave field are complicated. The 
original data has a low signal-to-noise ratio. The paper analyses hydraulic fracturing 
technologies such as underbalanced drilling, controlled pressure drilling and rotary 
steering drilling. This thesis uses horizontal well drilling and completion and fracturing 
technology to increase the production and ultimate recovery of shale gas wells, and 
develop shale gas resources more economically and effectively. Practice has shown that 
the observation system we chose has overcome the problem of low signal-to-noise ratio 
in seismic exploration in southern shale areas, and has a strong promotion value. 
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1. Introduction 

Shale gas refers to the natural gas that exists in a free manner in shale (shale) pores and natural 

fractures, exists in an adsorbed state on the surface of kerogen and clay particles, and even exists in 

a dissolved state in kerogen and asphaltene. It is continuous the generated biochemical gas, pyrolysis 

gas, or a mixture of the two, have short migration distances, multiple sealing mechanisms, 

agglomeration and concealment of reservoirs, and gas-saturated formations in terms of reservoir 

formation and distribution. Oil and gas exploration is easily affected by the weathering and erosion 

of carbonate rocks. Rock weathering leads to relatively large changes in the density, hardness and 

speed of the rock, and the brittleness of the rock is also large, which affects the ground excitation and 

reception [1]. At the same time, the shielding effect of the rock causes the excitation energy to decay 

faster during data collection, and the signal is received. The signal-to-noise ratio of the field single-

shot data is low, and the energy is weak, which is difficult to meet the needs of later deployment. In 

view of the above situation, in the seismic exploration of shale gas in the area, the optimal excitation 

parameters based on the survey of the shallow surface structure, the combination of multiple tandem 

geophones to suppress noise and a reasonable observation system for field data acquisition have 

achieved good results. 

2. Geological control factors of shale gas enrichment zone 

The American shale gas giant Devon has proposed “mineral composition, pore pressure, porosity, 

heterogeneity, organic matter, clay type, fluid type, internal structure, in-situ stress, gas source, 

wettability, fracture network, the shale gas "cyclone" description and evaluation system is based on 

16 factors such as sealing type, fissure filling, dehydration and other factors [2]. Professor Curtis from 

the University of Colorado believes that eight factors, including organic matter (TOC) abundance, 

maturity (Ro), thickness, original gas content, permeability, pore pressure, brittleness, and mineral 
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composition, control the production of shale gas (Figure 1). His analysis of five major shale gas 

production zones in the United States showed that only a small number of wells can produce 

commercial gas flow without fracturing because they pass through the natural fracture network 

system, and most wells need to implement fracturing processes to be successful. 

 

 

Figure 1. The basic elements of successful shale gas 

 

The above data shows that although the evaluation index systems proposed by various companies are 

slightly different, these indexes can basically be classified into two categories. The first category is 

the amount of shale gas evaluated, that is, the resource factor, which determines the shale gas in the 

area. The potential and reserves of gas resources are key indicators for shale gas resource evaluation 

and optimization of favourable blocks [3]. These indicators mainly include shale thickness, organic 

matter (TOC) abundance, kerogen type, maturity (Ro), natural gas content and state (free, adsorbed), 

etc. The other type determines whether shale gas can be economically extracted, and the level of 

production, the so-called "core area" or "sweet spot" area. These indicators include burial depth, 

mineral composition of the shale itself, brittleness, porosity (fracture), permeability, and the 

magnitude, direction and difference of the original in-situ stress. The two types of indicators jointly 

control the enrichment degree and final production of shale gas. 

3. Discussion on key technologies 

3.1 Optimizing technologies for favourable target areas 

Shale gas evaluation standards and specific geological selection evaluation methods are the 

prerequisite and basis for exploration and development. The optimization of favourable areas can 

provide an important basis for further exploration decision-making and in-depth research. There are 

few research results on the optimization of sea-terrestrial interactive facies, terrestrial facies and 

lacustrine facies favourable areas. How to innovatively apply marine facies prediction methods to 

continental facies is very important [4]. With the gradual deepening of research and the continuous 

enrichment of key parameters, technologies and methods for optimizing favourable shale gas zones 

will continue to emerge. The comprehensive application of various methods can more accurately 

predict the distribution of favourable zones and provide a basis for the next step of shale gas 

exploration and industrialized development. 

3.2 Exploration and development technology 

3.2.1 Horizontal well drilling and completion technology 

Conventional drilling and completion are difficult to achieve effective economic development of 

shale gas wells, and horizontal well technology is the key technology for shale gas development. 

Horizontal wells can not only drill into more fractures, increase the drainage area, but also 

significantly improve the flow state of reservoir fluids. Use 3D seismic data to optimize horizontal 

well layout and design borehole trajectory. The vertical section is used to collect data, and the 
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horizontal section is drilled and extended horizontally in the target layer on the basis of the vertical 

section. The direction of the horizontal well should be perpendicular to the direction of the maximum 

principal stress of the formation, and the long well section should be connected with natural fractures 

as much as possible to obtain more airflow. Completion methods mainly include combined bridge 

plug completion, mechanical combined completion, and hydraulic jet perforation completion. 

Combined bridge plug completion is the most commonly used completion method for shale gas 

horizontal wells. The drilling cost of horizontal wells is twice that of vertical wells, but the output is 

3 to 4 times that of vertical wells. 

3.2.2 Horizontal well fracturing technology 

The first is the staged fracturing technology for horizontal wells. Staged fracturing means that after 

the casing is perforated, staged fracturing is realized by a sliding sleeve packer or a drillable bridge 

plug. Staged fracturing can carry out targeted construction according to the characteristics of the 

reservoir, the target is accurate, the fracture network can be effectively produced, and the stimulation 

effect is obvious. The comparison in the table below shows that the discharge area of the staged 

fracturing horizontal well is far It is much larger than vertical wells and horizontal wells that have not 

undergone fracturing, and the direction of horizontal wells is perpendicular to the fracturing fractures 

to achieve the best improvement effect, and staged fracturing can also save costs [5]. The discharge 

area comparison of vertical wells, horizontal wells, and fractured horizontal wells is shown in Table 

1, and the fracturing effects of different fracturing directions in horizontal wells are shown in Table 

2. 

 

Table 1. Comparison of discharge areas of vertical wells, horizontal wells, and fractured horizontal 

wells 

30m straight well Discharge area 14.8m2 

600m horizontal well Discharge area 298m2 

45m×10 section fracturing in a 600m horizontal well Discharge area 14233m2 

 

Table 2. Fracturing effects of different fracturing directions in horizontal wells 

The direction of the horizontal well is parallel to the fracture The worst transformation effect 

The horizontal well direction and the fracturing fracture are at a certain angle The transformation effect is average 

The direction of the horizontal well is perpendicular to the fracture The best transformation effect 

 

The second is multi-well parallel fracturing technology. Multi-well parallel fracturing technology 

refers to interactive multi-stage fracturing between two or more parallel horizontal well sections. 

Fracturing fluid and proppant are transported from one well along the shortest radial direction to 

another under high pressure. In this process, the original fractures have expanded and connected to 

form more new and more complex fractures. The density and surface area of the fracture network 

have been increased. This technology can not only improve the efficiency of fracturing construction, 

but also increase the initial production. It can also improve the ultimate gas recovery rate of shale 

with ultra-low permeability. 

The third is repeated fracturing technology. Repeated fracturing technology is an effective means for 

shale gas wells to increase the productivity of a single well, ensure reservoir stability, and improve 

the economic benefits of oil fields. In the production process of shale gas wells that have undergone 

hydraulic fracturing, due to reservoir or process reasons, initial hydraulic fractures and proppant 

failure may occur, resulting in decline in production, and a second or more fracturing must be 

performed. Induce new fractures and increase the area and volume of the fracture network, so that the 

potential of the reservoir can be fully utilized and the stable production or even increase of shale gas 

wells can be ensured [6]. Before repeated fracturing, the average reservoir pressure, effective fracture 

length, conductivity and permeability data before and after repeated fracturing should be re-evaluated 

to ensure that the repeated fracturing obtains good results. 
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3.3 Microseismical monitoring technology 

Microseismical monitoring technology is a new oilfield exploration and development method. 

Compared with traditional logging technology, this technology has more advantages and better effects 

in monitoring fracturing fractures, and has become a shale gas exploration and development method. 

An important method, and has been widely used. During fracturing construction, micro seismic 

testing instruments can be arranged in the vicinity of the fracture zone of the fracturing, and these 

instruments can be used to receive seismic fluctuation data caused by fracture activity, and then 

perform certain processing on these data to predict the actual geology of the fracture. Circumstance, 

which can evaluate the effectiveness of the production increase program. 

4. Analysis of mechanical properties of rock 

Analysing the mechanical properties of shale is mainly for drilling and fracturing services. Through 

mechanical analysis, it is possible to find out the most suitable place for making fractures in the shale 

formation. Baker Hughes' GMI established a geomechanically model for approximately 200 

tight/shale gas formations around the world. The geomechanically model is developed to understand 

the stability of the wellbore and prevent various instabilities during the drilling process. Here, 

instability refers to the mechanical (compression) failure of the formation around the wellbore that 

causes the wellbore to expand, resulting in wellbore collapse, excessive cuttings, and changes in 

hydraulic parameters. The factors affecting the stability of the wellbore mainly include optimizing 

drilling fluid density, wellbore trajectory, weak bedding, fluid infiltration into shale over time, and 

reaction between fluid and shale. The geomechanically model can analyse the various stresses of the 

rock and find the best position of the perforation, which is suitable for making joints [7]. The crack 

height is mainly controlled by the longitudinal minimum principal stress difference (𝛥𝜎ℎ); the crack 

width is mainly controlled by the Young's modulus E under a certain stress. The minimum horizontal 

principal stress (𝜎ℎ) acts on and closes the hydraulic fracture, which is perpendicular to the hydraulic 

fracture. In the rock mechanics model, there are three principal stresses that are perpendicular to each 

other and of different sizes: the vertical principal stress (𝜎𝑣), the maximum horizontal principal stress 

(𝜎𝐻) and the minimum horizontal principal stress E (); the relationship between the three is 𝜎𝑣>𝜎𝐻>𝜎ℎ. 
Young's modulus (𝜎ℎ) is the ratio of the axial stress to the axial strain, and the strain is the ratio of the 

length change to the initial length. Poisson's ratio=transverse strain/axial strain, axial strain=length 

change/initial length, transverse strain=width change/initial width. Through uniaxial compressive 

strength test, the relationship between stress and strain can be obtained. Under normal circumstances, 

people generally use isotropic stress formulas for rock stress, but in fact, anisotropy has an effect on 

the mechanical properties and stress of rocks. The following are the minimum horizontal principal 

stress formulas for isotropic and anisotropic conditions. Isotropic stress: 

𝜎𝐴 =
𝑣

1−𝑣
(𝜎𝑜𝑏 − 𝛼𝑝𝑟) + 𝛼𝑝𝑟                          (1) 

Anisotropic stress: 

𝜎𝐴 =
𝐸𝐴

𝐸𝐴

𝑣𝐴

1−𝑣𝐻
(𝜎𝑜𝑏 − 𝛼𝑃𝑟) + 𝛼𝑝𝑟                        (2) 

Where: 𝜎ℎ is the minimum horizontal principal stress; v is Poisson's ratio, E is Young's modulus; 𝑝𝑟 

is the overburden pressure; α is the correction coefficient. Calculating the stress of clay shale and 

siliceous shale from the above formulas, it can be found that the stress of siliceous shale does not 

change much under the two conditions, while the stress of clay shale is higher due to anisotropy. This 

shows that anisotropy will affect the mechanical properties and stress of rocks. In addition to 

anisotropy affecting rock stress, geological aspects also affect stress. The following formula is the 

structural stress formula: 

𝜎𝑥 =
𝑣

1−𝑣
𝜎𝑥 −

𝑣

1−𝑣
𝜎vertical𝑝𝑝 + 𝜎Level𝑝𝑝 +

𝐸𝐻

1−𝑣2
𝜀𝑦 +

𝑣𝐸𝐻

1−𝑣2
𝜀𝑥            (3) 

In the formula: 𝜀𝑥 , 𝜀𝑦  represents the gauge factor; 𝐸𝐻 Young's modulus. 
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5. Experimental verification 

After a large number of tests at the system test points and comparison of production application effects, 

the dynamic design is guided by micro-logging, and the depth of a single well is not less than 14m to 

ensure excitation into the high-speed layer. Using 20DX-10Hz detector, 12 series and 2 parallel linear 

combination, 2-2-2-2-2-4-2-2-2-2-2 combination form, group inner distance 2m, combined base 

distance 20m. On the basis of considering the target geological scale, the highest non-aliasing 

frequency and lateral resolution, the 20m track distance is selected so that the target layer imaging is 

not affected by the spatial sampling of steep dip angle formations, cross-sectional waves, and 

diffraction waves, and the underground on the profile is processed. The structure can be clearly 

imaged. The length of 4790m is reasonable, and the shallow, medium and deep stratum reflection can 

be obtained. The reflection of the target layer is clear, and the reflection of the deep layer is obvious. 

The use of 80 coverage times to suppress multiple waves ensures the accuracy of velocity analysis 

and the quality of obtaining surface static corrections, and good results have been achieved. Through 

the analysis of Figure 2, based on the optimal acquisition parameters, the profile wave group 

characteristics obtained are obvious, especially the target layer Intuiting Formation reflected wave 

group has good chase axis continuity, strong energy, and rich geological information; and deep 

seismic interface reflection wave the group is clear and contains rich geological information, laying 

the foundation for the later geological age division and structural interpretation. 

 

 

Figure 2. The final profile of the typical survey line processing in the exploration area 

 

6. Conclusion 

Shale gas reservoirs are usually characterized by low porosity, low permeability and long production 

cycle, so they have their special development methods. Horizontal wells and hydraulic fracturing 

stimulation technology are two key technologies in shale gas development. Horizontal well 

technology is the main method of shale gas drilling. It can develop shale gas more efficiently and 

reasonably by combining advanced drilling technologies such as rotary steering drilling, logging 

while drilling, and controlled pressure drilling. Fracturing stimulation technology is another key 

technology for shale gas production. Advanced fracturing technology makes shale gas development 

have greater potential. 
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