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Abstract. As a representative of emerging unconventional energy, shale gas has the characteristics of large 
reserves, long production cycle, and environmental protection. However, due to the complex geological 
characteristics of shale gas reservoirs, the economic development of shale gas reservoirs is difficult. In this 
paper, on the basis of a full investigation of relevant literature, according to the permeability mechanism of 
shale gas reservoirs, the productivity of horizontal wells in low-permeability gas reservoirs is studied, and 
an integrated dynamic simulation model of gas reservoir wellbore is established. And the historical fitting 
and dynamic forecasting are carried out, and the results are in good agreement with the actual situation. 

1 Research on coupling method of 
shale gas reservoir-wellbore integrated 
model  

The flow of the shale gas well production system 
includes the flow from the shale gas reservoir to the 
bottom of the shale gas well and the flow from the 
perforated section of the shale gas well to the wellhead. 
Formation seepage and wellbore pipe flow follow 
different flow laws and need to be simulated with 
different models. 

The traditional processing methods are mainly to 
simplify the wellbore pipe flow with accurate formation 
seepage and the simplified formation seepage with 
accurate wellbore pipe flow. There are problems in the 
current shale gas numerical simulator. When the precise 
formation seepage simplifies the wellbore pipe flow, it 
cannot deal with the unsteady state change of the 
wellbore. The impact on the actual production, the 
storage and discharge of the wellbore will interfere with 
the production of the wellhead, especially in the early 
and late stages of production, there is a risk that the 
design plan cannot be realized during actual construction. 
When accurate wellbore flow simplifies formation 
seepage, the static productivity model cannot predict 
dynamic productivity changes, and has great limitations 
in the optimization design of drainage and gas recovery, 
which requires accurate prediction of future production 
changes. 

This method is based on wellbore multiphase flow 
simulation, evaluates the production system of shale gas 
reservoirs, conducts reservoir-wellbore integration 
model coupling research according to different wellbore 
flow states and production systems, combined with shale 
gas reservoir numerical simulation software, Obtain 
cumulative gas production, water production, predict 
future formation pressure change trends, and provide 

design basis for integrated drainage and production 
throughout the life cycle of gas wells. The basic process 
is shown in Figure 1.1. 

 
Fig. 1.1 Coupling process of reservoir-wellbore integration 

model 
 

When there is no liquid accumulation in the wellbore, 
the pressure distribution is solved according to the 
conventional steady-state pressure model. When the 
wellbore is liquid-loaded, the fluid accumulation rate is 
quantified in combination with the gas reservoir 
productivity, and the bottom hole flow pressure and gas 
well productivity changes are predicted, as follows: 

Firstly, the pressure field coupling between wellbore 
variable mass flow and reservoir seepage is considered, 
and the pressure field in the reservoir and wellbore is 
coupled through water production and gas production 
models. The calculation method is as follows: 

g g gm J p                              (1.1) 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 416, 01003 (2023)   https://doi.org/10.1051/e3sconf/202341601003
OGEGS 2023



 

w w wm J p                      (1.2) 

Secondly, the wellbore and the reservoir are 
discretely divided, as shown in Fig. 1.2. 

 
Fig. 1.2 Schematic diagram of discrete division of wellbore 

and reservoir 
 

Flow pressure drop of unit segment i=2,3,…,n: 
When there is no liquid accumulation in the wellbore, 

the solution method is to first estimate the wellbore 
pressure distribution in the horizontal section, obtain the 
productivity of each formation, and then combine the 
wellbore steady-state variable-mass multiphase flow 
model to predict the wellbore pressure distribution and 
compare it to carry out iterative solution. 

When the wellbore is liquid-loaded, the solution 
method is to predict the liquid-carrying amount based on 
the wellbore pressure and liquid-loaded height at a 
certain moment, and iteratively calculate the pressure 
distribution along the wellbore and the liquid and gas 
production profiles in the horizontal section in 
combination with the wellbore structure of the gas well, 
and carry out the next step. Solve the relevant parameters 
at a time. 

 
Figure 1.3 Shale gas reservoir-wellbore integration process 

 
Figure 1.3 shows the calculation process of the shale 

gas reservoir-wellbore integration model coupling 
method under the condition of fluid accumulation and 
the condition of no fluid accumulation. 

2 Application of shale gas reservoir-
wellbore integration model coupling 
method  

2.1 Geological modeling 

Apply this method to the dynamic analysis of WH1 
platform production. 

Geological modeling: Import the geological model 
established by Petrel software into the history matching 
module to complete the geological modeling. 

 

Figure 2.1 Porosity distribution 
 

 

Figure 2.2 Permeability distribution 
 

 
Figure 2.3 Water phase saturation distribution 

 

 
Figure 2.4 Gas phase saturation distribution 

2.2 History Fitting  

Calculate the bottom hole flow pressure based on the 
wellhead casing pressure or oil pressure and gas and 

2

E3S Web of Conferences 416, 01003 (2023)   https://doi.org/10.1051/e3sconf/202341601003
OGEGS 2023



 

water production data; use the flow pressure as the 
production condition to fit the daily gas production and 
daily water production of the gas well. 

 
Figure 2.5 Changes in the pressure field distribution of the H1 

platform 
 

 
Fig. 2.6 Fitting of cumulative gas production of WH1-1 

 

 
Figure 2.7 Fitting of cumulative water production in WH1-1 

2.3 Production Forecast  

Production prediction: This method is used to predict the 
production performance of the gas well 30 days after 
liquid accumulation, and compare it with the actual 
production. 

 
Figure 2.8 Comparison of predicted and actual production of 

Well WH1-2 

 

Well WH1-2: On January 5, 2020, 16,928 m3 of gas 
was produced, and it was diagnosed as fluid 
accumulation. After 26 days of production, the well was 
shut down on January 30 due to high transmission 
pressure and pressure control. The average error of 
forecasting gas production within 26 days is 5.79%. 

 
Table 2.1 Summary of comparison between actual production 

and prediction of liquid-loaded wells on WH1 platform 

 
Forecast start 

date 
Forecast end date 

Forecast 
days 

Forecast 
mean 
error 

Take measures 

WH1-1 2019.8.27 2019.9.8 13 9.82% 
intermittent 
production 

WH1-2 2020.1.5 2020.1.30 26 5.79% 
Well shut-in 
and pressure 

control 

WH1-4 2022.5.8 2022.5.31 24 6.14% 
Drainage and 

rebirth 

WH1-5 2020.12.28 2020.1.26 30 6.06% 
Effusion 

production 

WH1-6 2020.3.27 2020.4.7 11 -4.87% 
intermittent 
production 

WH1-7 2020.6.7 2020.6.26 20 9.86 
intermittent 
production 

As shown in Table 2.1, this method is used to predict 
the production dynamics of 6 wells on the WH1 platform 
after liquid accumulation, and compare with the actual 
production. The average error of gas production 
prediction is 7.1%, and the prediction coincidence rate is 
92.9%. 

3 Conclusion 

In this paper, on the basis of a full investigation of 
relevant literature, according to the permeability 
mechanism of shale gas reservoirs, the productivity of 
horizontal wells in low-permeability gas reservoirs is 
studied, and an integrated dynamic simulation model of 
gas reservoir wellbore is established. And the historical 
fitting and dynamic forecasting are carried out, and the 
results are in good agreement with the actual situation. 
this method is used to predict the production dynamics 
of 6 wells on the WH1 platform after liquid 
accumulation, and compare with the actual production. 
The average error of gas production prediction is 7.1%, 
and the prediction coincidence rate is 92.9%. 
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