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Abstract: The depressurization method is a common approach for the exploitation of natural gas hydrate reservoirs in
marine areas. This method can induce complex multi-physical coupling responses in the near-wellbore reservoir,
leading to pressure changes, temperature variations, hydrate decomposition, deterioration of reservoir mechanical
properties, and formation subsidence. This study utilizes a fully-coupled hydro-thermo-mechanical numerical model to
analyze the mechanical property deterioration and subsidence characteristics of marine natural gas hydrate reservoirs
caused by depressurization in horizontal wellbores, characterizing the multi-field coupling response laws of the
horizontal wellbore and surrounding reservoir, and identifying the influencing factors of reservoir mechanical property
deterioration and subsidence. The simulation results indicate that the affected area of reservoir pressure and temperature
changes is much larger than the decomposition front of hydrates, and the distribution of effective normal stress varies

significantly in different directions. The deterioration area of cohesion induced by depressurization is highly correlated
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with the plastic zone and hydrate decomposition zone. The subsidence characteristics in the shallow and deep areas

relative to the horizontal wellbore exhibites distinct features. The simulation results provide a reference for the stability

analysis of marine natural gas hydrate reservoirs during depressurization exploitation through horizontal wellbores.

Key words: natural gas hydrate; production by depressurization; reservoir mechanical properties; numerical simulation;

elastoplastic deformation; ground subsidence; horizontal well
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Fig.1 Sketch of the 2D model and the boundary conditions
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Fig.2 Pressure distribution in the reservoir at different depressurization time steps
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Fig.3 Temperature in the reservoir at different depressurization time steps
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Fig.4 Natural gas hydrate saturation in the reservoir at different depressurization time steps
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Fig.5 Effective stresses in the horizontal and the vertical directions in the reservoir at different depressurization time steps
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Fig.6 Plastic regions in the near-well area at different depressurization time steps

IEEACRIZ TIRE A RE B o 7K S LRI w27 O I 220 500 it in T e 2 A7, 2 B80H: A0 390 ol
S, MR LR BE A I ] SR B Y BOKCFIRR LI B R K S W o i BRSO A Bl
AN S TR E S . RS AER BRI i TREW e, JFC 30 AMIEX , R )4



34 R TR 2023411 H
~20m Om 20m  WEI/MPa ~20m Om oom  DLFE/107m
B 20m 20m 20m
0.8 -5
Om Om Om
=20m —20m —20m
-20m Om 20m 0.3 -20m Om 20m -50
(a) WE 1504 (b) YTBEHFE

7 BEEFR 20 dEHE A XIE AR NS KT

Fig.7 Plastic regions in the near-well area at different depressurization time steps
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Fig.8 The evolution patterns of cohesion and subsidence at the center of the horizontal wellbore and at 2 m above it
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Fig.9 The distribution of pressure and hydrate saturation near the wellbore at different time steps
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