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The Influence of Geological Models with Different Complexity
on Land Subsidence Simulation Based on a Coupled Hydro-
Mechanical Model — A Case Study in Yunlin County
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Abstract

Local geological conditions and geological structure affect the behavior and
characteristics of land subsidence. For land subsidence caused by groundwater
overexploitation, reliable hydrogeological models can accurately predict the scale and
extent of subsidence and help the planning of mitigation measures. Considering the
importance of geological material distribution, the aim of this study is to investigate the
influence of geological models with different complexity on land subsidence simulation.
This study constructs synthetic models and in-situ models in a finite element software,
COMSOL MULTIPHYSICS, using the hydrogeological cross section in Yunlin County,
where is currently suffering serious land subsidence. Based on Biot’s poroelasticity
theory, the interaction of water drainage and consolidation processes in soil body is
simulated. Parameter sensitivity analysis is performed in a synthetic model using the
relative sensitivity. The nonlinear parameters are adopted in an in-situ model to explore
the variations of soil properties during the deformation process. The results show that
deformation caused by the water pressure transferring or force equilibrium can be
distinguished in a homogeneous model when the permeability of material is
significantly low. The land subsidence quantity in a layered model is mainly contributed
by aquitards. In addition, the aquitards at the bottom continue to drain and consolidate
after the hydraulic head stops decreasing, which shows the delay phenomenon. The
results of parameter sensitivity analysis show that Young’s modulus, Poisson’s ratio,
and permeability are sensitive to land subsidence, while porosity is insensitive.
Moreover, the sensitivity of permeability varies with time and it is the most sensitive
parameter in land subsidence assessment during the period of hydraulic head decrease.
Overall, the parameters in aquitard are more sensitive than in aquifer. For in-situ models,
the accumulated subsidence is mainly caused by the compressive strain of aquitard. The
aquitard thickness affects its drainage time. Adding complexity to the in-situ model
makes the subsidence more localized and has a large quantity of maximum land
subsidence. Considering nonlinear parameters in an in-situ model, the porosity and
permeability decrease with soil deformation, whereas Young's modulus increases.
Therefore, the drainage and compressibility of aquitards are affected by nonlinear

parameters, which reduces the subsidence in the entire model.

Keywords: coupled hydro-mechanical model > geological model complexity > land

subsidence simulation » parameter sensitivity analysis > nonlinear parameters
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