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Abstract. X Gas Storage is the first low permeability acid gas reservoir type
gas storage at home and abroad. Compared with the early stage of gas reservoir
development, the gas storage has a short period of high-speed injection-production,
pressure and fluid composition of the gas well vary greatly. it is necessary to carry
out numerical simulation study of gas storage. Based on the variation of natural
gas composition, VFP pressure drop loss of wellbore in injection-production and
refined processing grid, the mathematical model of acid gas storage is established
in this article. Based on the analysis of reservoir Heterogeneity by cross-well
interference, the flow law of acid gas “gas injection extrapolation, gas recovery
return” is studied, which is used to guide numerical simulation and realize multi-
parameter constraint fine fitting of acid gas storage. The gas production mode is
optimized, the elutriation period of H2S content in X gas storage is predicted,
and the production law of acid gas is summarized. Through the above research
knowledge, for the same type of gas storage numerical simulation study to provide
technical reference.

Keywords: Gas storage of acid gas reservoir · Component model ·Wellbore
pressure drop · History fitting · H2S content

1 Difficulties of Injection-Production Simulation of Acid Gas
Storage

Compared with gas field development, the gas well spacing is small, the production,
pressure and fluid composition vary greatly during the short-cycle operation of high-
speed injection and production in x low permeability acid gas storage (Fig. 1). It is
difficult to describe formation fluid flow and fluid composition change in gas storage by
means of gas reservoir engineering. Numerical simulation is an effective way to describe
the three-dimensional dynamic changes of underground injection and production in gas
storage.

Compared with gas field development, the numerical simulation of this acid gas
storage needsmore precise fitting parameters, such as gas injection production, wellhead
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pressure, acid gas composition, etc. and it is very difficult to fit the model of gas storage
with multi-parameters, and it is difficult to modify the model of gas storage to consider
the constraints ofmultiple parameters such as gas injection and production rate, wellhead
pressure, acid gas composition, etc.

Therefore, this paper develops the natural gas fluid component, establishes the com-
ponent model of the gas storage, refines the processing grid, analyzes the friction of
gas injection and gas production wellbore, the interferences between injection and
production wells, and the flow law of acid gas injection and production.

Fig. 1. Comparison of operation curves between gas field development and gas storage

2 Establishment of Numerical Simulation Model for Acid Gas
Storage WHP (MPa)

Compared with gas field development, based on reservoir fine geological modeling,
the numerical simulation of acid gas storage focuses on the fine processing grid, the
establishment of acid fluid composition model and the wellbore pressure drop model of
high-speed gas injection and production.

2.1 Establishment of the Fluid Composition Model

According to the characteristics of high acid content in low permeability gas storage and
large variation of natural gas components in gas production, it is necessary to establish
component model. Based on the study of the optimization of state equation, the classifi-
cation and merging of natural gas components, and the fitting of natural gas properties,
a high pressure physical property model of typical gas samples is established, which
provides reasonable PVT parameters for establishing the fluid composition model of
gas storage in high-speed injection-production (Fig. 2).
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Fig. 2. X component model of original H2S content in gas storage

Fig.3. Comparison of CO2 distribution at the end of gas injection before and after refinement of
grid

2.2 The Fine Grid of Gas Storage

The storages are all rebuilt from the original gas reservoirs by deploying injection-
production wells. Compared with the development well pattern of the gas reservoir,
the well pattern density of the gas reservoir is larger and the distance between wells is
smaller. Taking into account the Heterogeneity of the reservoirs, short-term high-speed
injection and production will produce greater pressure drop near the wells and small
control area.in order to more precisely simulate gas injection-production in storage, it
is necessary to carry out fine processing for the reservoir grid. Through grid refinement
and injection-production dynamic simulation, the injection-production boundary ofH2S,
CO2 component is finer and clearer, and the model is more accurate.
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2.3 Establishment of VFP Model for Gas Injection and Production Wells

In the development stage of gas field, it is helpful to fit the BHP (bottom hole flow
pressure) andWHP (wellhead pressure) accurately by establishing the properVFPmodel
for low-speed gas production. During the period of gas injection and production in gas
storage, the wellbore friction increases gradually with the gas production rate rising,
and the wellhead pressure drops rapidly. Compared with the actual wellhead pressure,
the wellhead pressure calculated by the VFP model in gas field is higher and the is no
VFP model in gas injection process of storage. Therefore, it is necessary to carry out
dynamic pressure monitoring, re-establish the VFP model of high-speed gas injection
and gas production, ensure the accurate fitting of wellhead pressure of gas well in gas
storage.

3 Fine History Matching of Acid Gas Storage

Based on the analysis of interwell pressure and fluid composition interference, the het-
erogeneity reservoir of gas storage is studied, and the fluid change law of “gas injection
extrapolation, gas production reflux” is analyzed. Fine fitting of injection-production
history of gas well by adjusting reservoir parameters.

3.1 Analysis of Reservoir Heterogeneity, Fitting Wellhead Pressure of Gas
Injection-Production

According to the evaluation of gas field development stage, when G1, SX and G2 gas
wells are produced together, the wellhead pressure drop curves are almost coincident,
which indicates that the reservoir connectivity between the gas wells is good (Fig. 4).
After the gas reservoir was transformed into gas storage, in order to test interwell inter-
ference, G1well is produced and SX and G2 well are shut in to measure pressure. The
formation pressure of SX well keeps recovering, but the formation pressure of G2 well
gradually restores in the early stage, and gradually drops in the later stage due to the gas
production interference of G1well.This test shows that there is a tight reservoir between
G2 and SX well. The tight reservoir takes part in formation flow in low production, but
the tight reservoir does not take part in formation flow in high production, which plays
a role of blocking flow (Fig. 5).

Take into consideration tight reservoir betweenG2 andGXwells, based on numerical
simulation model during the gas field development, the control range of gas injection in
H2 horizontal well is reduced and The gas injection pressure calculated by numerical
simulation is closer to the actual pressure by modifying the physical parameters of
reservoir. The fitting accuracy of the gas injection--production wellhead pressure in H2
well is further improved (Fig. 6, Fig. 7, Fig. 8, and Fig. 9).

https://doi.org/10.1007/978-981-19-2149-0_4
https://doi.org/10.1007/978-981-19-2149-0_5
https://doi.org/10.1007/978-981-19-2149-0_6
https://doi.org/10.1007/978-981-19-2149-0_7
https://doi.org/10.1007/978-981-19-2149-0_8
https://doi.org/10.1007/978-981-19-2149-0_9


The Numerical Simulation of Gas Injection-Production in X Acid Gas Storage 1273

SX G1 G2

Fig. 4. Production pressure curves of 3 old
wells

10.4

10.5

10.6

10.7

10.8

Pre
ssu

re [
MP

a]
G2

3-2
201

2.9
.19

-20
13.

2.2
7

[MP
a]

-50000

0

50000

Ga
sra

te [
m3

/D]

-200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800

Time [hr]

200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800

Time [hr]

G2

G1

G2

SX

H2
H3H1

W
F

Q

Fig. 5. Inter-well interference pressure
curves

Fig. 6. Physical parameters model before
adjustment

Fig. 7. Physical parameters model after
adjustment

Fig. 8. Fitting pressure curve before
adjustment

Fig. 9. Fitting pressure curve after
adjustment

3.2 Study the Change Law of Injection-Production, Fitting the Content of H2S
in Gas Production

In the process of gas injection in storage, there is a big difference between the natural
gas with H2S in the original formation and the injected dry gas, there are only data of
gas injection pressure, gas injection quantity and old well pressure without gas injection,
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and no data of H2S content of natural gas in formation, so it is impossible to analyze
the change of formation H2S.Consider the original formation of H2S-containing natural
gas was injected into the gas outward drive, it is necessary to analyze the influence of
reservoir heterogeneity, gas injection rate and formation diffusivity on the distribution
of H2S content.

After shut-in of gas injection, the front of gas injection will change due to the re-
balance of formation pressure between gas wells, it is necessary to analyze the degree of
fusion between injected gas and original formation gas. When gas wells and old wells
are producing gas together, it is necessary to analyze the injection gas recovery margin,
to analyze the non-uniformity of H2S content distribution, to fit the H2S content in the
initial stage of each well. By analyzing the rising rule and interwell interference of H2S
content, physical parameters of reservoir are adjusted many times to fit the H2S content
history data in gas production stage.

H3 well is a horizontal well for gas injection and production in Shaan X gas stor-
age, The H2S content of produced gas calculated is generally lower than the actual value
in every period of this well. The analysis shows that the injected gas mainly diverges
to two sides When gas is injected into well H3, and that the H2S output of the well is
closely related to SX when the H3 is produced. Based on the analysis of gas injection
rate, injection gas production edge and reservoir heterogeneity in well H3, and con-
sidering the fitting effect of gas produced by SX, the model parameters were adjusted
properly to fit the injection production pressure, injection gas production rate and H2S
content in well H3, finally, the H2S content curve of well H3 is fitted well, and the fine
description of gas injection and production in gas storage is realized (Fig. 10, Fig. 11,
and Fig. 12, Fig. 13).

Fig. 10. H2S content distribution after gas
injection

Fig. 11. Property parameter adjustment area
diagram
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Fig. 12. Fitting curve of H2S content before
adjustment

Fig. 13. Fitting curve of H2S content after
adjustment

4 Forecast the Change of H2S Content in Gas Storage by Numerical
Simulation

Based on the detailed numerical simulation of gas storage, the variation law of H2S
content in gas produced from x gas storage is analyzed. According to different design
schemes, theH2SSafetyStandard (H2S&Lt; 20mg/m3) period is predicted bynumerical
simulation. The gas production plan was optimized by comparing and analyzing the
washing rate of H2S in two sets of gas production plan reservoirs. Design Proposal 1:
During gas production, all 10 wells are open for production, and it is predicted that
H2s can reach the safety standard after 8 cycles. design proposal 2: During the low
peak demand of early gas production, five wells of high H2S content are open for gas
production. During the peak demand of gas production occurs, all 10 wells are open
for production„the safety standard can be reached after 7 cycles. By optimizing the gas
productionmode, theH2Swashing cycle can be shortened, the cost of gas desulfurization
can be reduced, and the benefit of the gas storage can be improved by one cycle (Fig. 14).

proposal-1: 8 cycles

proposal-2: 7 cycles

Fig. 14. Comparison of H2S content change curves of injection-production in gas storage with
two schemes

https://doi.org/10.1007/978-981-19-2149-0_14
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According to the law of acid gas composition change at the end of gas injection and
production cycle in Shaan x gas storage, it is realized that theH2S content of gas produced
from gas storage decreases logarithmically with the increase of injection and production
cycle (Fig. 15), and the H2S content of gas produced from gas storage decreases with
the increase of gas production rate, the results show that the elutriation cycle can be
shortened obviously by increasing gas injection production (Fig. 16).

Fig. 15. Changes of H2S content in gas storage at the end of injection-production Cycle

Fig. 16. Changes of H2S content at the end of gas production under different production rates

5 Conclusion

In order to solve the problems of short-period high-speed injection-production, complex
formation seepage flow and fast change of fluid composition in acid gas reservoir-type
gas storage, the numerical simulation of injection-production in gas storage was carried
out, there are some understandings as follows:

(1) In the process of injection and production of acid gas storage, because of the change
of fluid composition, the small control range of single well in short period and the

https://doi.org/10.1007/978-981-19-2149-0_15
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large pressure loss of high-speed injection and production wellbore,on the basis of
fine geological modeling of reservoir, it is necessary to set up acid fluid composition
model, wellbore VFPmodel of high-speed injection and production, model and fine
grid processing of reservoir.

(2) There are tight reservoirs that can not be identified in low-speed gas production in
gas field development, but when the gas reservoir is injected and produced at high-
speed, but such tight reservoirs have obvious flow resistance during high-speed gas
injection and production in gas storage, so it is necessary to use various methods to
analyze reservoir heterogeneity, improving numerical simulation fitting effect and
realizing injection-production fine description of gas storage.

(3) In the process of injection and production of acid gas storage, the injected dry gas
extrapolates the original acid cushiongas gradually.During the numerical simulation
of gas storage, it is necessary to analyze the influence of H2S content distribution,
such as gas injection speed, gas injection front, recovery edge, reservoir hetreo-
geneity, etc. Considering multi-parameters and multi-wells, the model parameters
should be adjusted properly to improve the fitting effect of gas wells.

(4) optimizing gas production mode can further shorten the scouring cycle of H2S and
reduce the cost of gas desulfurization in gas storage. With the increase of injection-
production cycle, the H2S content of produced gas decreases logarithmically. With
the increase of gas production rate, Acid gas elutriation will be accelerated in the
gas storage.
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