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Abstract: Exploration has found that natural gas hydrates (NGHs) and shallow gas exhibit regionally co—existing
geological accumulation characteristics. The co—production of multiple gas sources, including NGHs and shallow
gas, can enhance gas production of single—well and reduce development costs. This study established a combined

multi—tube experimental setup and developed a laboratory reconstruction method for a multi—gas—source co—storage
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reservoir comprising shallow gas and NGHs. On this basis, physical simulations for the exploitation of shallow gas +
natural gas hydrates by pressure depletion method were carried out. The evolution laws of temperature and pressure
in each reservoir at different exploitation stages were studied. The variation laws of gas production, gas source
composition of produced gas, and gas production rate with pressure reduction frequency and pressure reduction step
in different pressure reduction intervals during the gradient pressure reduction process were investigated. The
experimental results show that when the gradient pressure reduction mode is adopted to jointly extract natural gas
hydrates and shallow gas, the reservoir pressure field is greatly affected by the gas supply from the decomposition of
gas hydrates. The reservoir temperature field is mainly affected by the heat absorption of hydrate decomposition, and
the temperature curve evolves in a V shape. The cumulative recovery rate of gas in the hydrate layer shows an S
shape with the amplitude of pressure drop, while the cumulative recovery rate of gas in the underlying gas layer
increases linearly with the amplitude of pressure drop. Under the experimental simulation conditions, the gas yield
per unit volume of the hydrate layer is 13.787 m*/m’. When the initial water saturation of the hydrate layer drops
from 34.8% to 6.04%, the reservoir connectivity is good, the hydrate decomposition gas can be produced rapidly,
and the high—gas production stage moves towards the high—pressure conditions. When the pressure drop step
increased from 2 MPa/ step to 3 MPa/ step, the gas production efficiency increased by 40%, but the maximum
temperature drop of the reservoir rose from 1.8 °C to 2.6 ° C. Considering that the one—dimensional simulation
device is greatly affected by external heat transfer, the cooling amplitude of the actual reservoir may be more
obvious. Therefore, for the development of gas reservoirs containing natural gas hydrates, it is necessary to
reasonably set the frequency and stride of pressure reduction to suppress problems such as sand production,

freezing and secondary formation of hydrates caused by the rapid drop in reservoir temperature.

Keywords: hydrate; natural gas; shallow gas; co—production; heat transfer; gas production characteristics
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Fig. 1 Schematic diagram of the experimental apparatus
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Fig. 2 The flowchart of multi gas reservoir preparation process
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Table 2 The experimental parameters of different gas

reservoirs
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Fig. 3 The variation curves of pressure—time and temperature—time during the co—production process of NGHs and shallow gas in run
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