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Abstract

In order to realize commercial development, multi-stage fracturing and horizontal well technolo-
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gies are often used in tight gas reservoir. At present, there are mainly two methods for tight gas
reservoir performance analysis: analytical method and numerical simulation method. The analyt-
ical method is fast, but it is only suitable for homogeneous reservoir. The numerical simulation
method can accurately calculate complex geometry wells (such as fractured horizontal wells) in
heterogeneous reservoir, but it is time-consuming and laborious. In order to improve the accuracy
and efficiency of dynamic analysis of tight gas reservoir, a semi analytical method for dynamic
analysis of multiple fractured horizontal wells in tight gas reservoir, namely fast marching method
(FMM) is proposed. Firstly, considering the high compressibility of gas, the diffusion equation of
tight gas is established. Then, fast marching method is proposed to solve the propagation time of
pressure wave, and combined with the geometric approximation method, the relationship be-
tween the release volume and time is quantified. Then, the commercial numerical simulation
software CMG is used to verify the accuracy and reliability of the new method. The results show
that the dynamic analysis method based on fast marching method is more accurate than the con-
ventional dynamic analysis method, and the calculation speed is increased by more than 10%
compared with the commercial software. Finally, the working process of fast marching method to
carry out the dynamic analysis of fractured horizontal wells in tight gas reservoirs is described. It
has good application value for the dynamic analysis of tight gas reservoirs with simple structural
conditions.
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Figure 1. Schematic diagram of FMM calculation in Cartesian coordinate grid. (a) Marking the starting point of pressure
wave propagation; (b) Marking the adjacent unknown node; (c) Marking the second step pressure wave propagation of point
A; (d) Marking a point adjacent to the unknown node; (e) Marking the third step pressure wave propagation point D; (f)
Marking D and H points adjacent to the unknown node
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Figure 2. Schematic diagram of tight gas multistage fracturing horizontal well model
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Table 1. Basic reservoir parameters of fractured horizontal wells in tight gas reservoirs
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Figure 3. Comparison of bottom hole pressure calculated by FMM and CMG in unconventional gas wells
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Figure 4. Calculation process of gas drainage volume of multiple fractured horizontal well in tight gas reservoir. (a) The
diffusion time (10° s); (b) Drainage area of one month; (c) Drainage area of 10 years
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Figure 5. Pressure prediction of multiple fractured horizontal well in tight gas reservoir under constant production rate
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Figure 6. Production prediction of multiple fractured horizontal well in tight gas reservoir under constant pressure
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