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The thermomechanical transport approach includes the process of diffusing or the condition of being diffused, absorp-
tion/desorption, swell/shrink, equilibrium/nonequilibrium, and thermomechanical transport of contaminant in three phases of
polluted mining soil which are discussed.The thermomechanical transport model of the contaminants transport in polluted soil is
established, and its basic equations are given. Based on that, the distribution regularities of the contaminant seepage in water-soil
system are discussed in detail and the sensitivities of parameters are analyzed. The study shows that the parameter has important
influence on the contamination distribution and transportation in polluted soil-water system. The influence degree is also related
to the action of seepage force directly.

1. Introduction

The thermomechanical transport approach or heat transfer
model continues to be a major field of interest to soil
engineering and scientific researchers. The main wealth of
applications includes a wide variety of components and sys-
tems for energy interchanges ormathematicmethod. (Alonso
et al. [1] propose a constitutive model for partially saturated
soils; Aziz and Settari [2] give the simulation method of
petroleum reservoir; Carslaw and Jagger [3] conduct the heat
in solids; Cho et al. [4] present a critical assessment of the
use of a surface reaction rate equation to correlate biosorption
kinetics; Pedroso [5] gives a solution to transient seepage in
unsaturated porous media; Deng et al. [6] put forward the
advanced theory and method of fluid flow in porous media;
Ibragimov [7] raises the group transformations in mathe-
matical physics; Kanevskaya [8] presents the mathematical
modeling of hydrodynamic processes of the development of
hydrocarbon deposits; Lykov [9] discussed the theory of heat
conduction. Ni et al. [10] proposed a model of groundwater
seepage and heat transfer for single-well ground source heat
pump systems; Nikolayevskii [11] presented the mechanics of

saturated porous media; Lychagin [12] brings the quantiza-
tions of differential equations; Volkov et al. [13] put the inte-
grable seepage equations; Rafiezadeh and Ataie-Ashtiani [14]
give the seepage analysis in multidomain general anisotropic
media by three-dimensional boundary elements; Zhang et
al. [15] give the thermohydromechanical-air coupling finite
element method and its application to multiphase problems.)

In order to evaluate the movement law of pollutant
diffusion under the different hydrodynamic condition more
scientifically and predict and prevent diffusing and other
involved hazards, the basic work of theory and test needs to
be further developed. Due to many unknown macroscopic
and microstructure behaviors in mining polluted soil-water
system, the thermomechanical transport approach includes
the process of diffusing or the condition of being diffused,
absorption-desorption, swell/shrink, equilibrium/nonequi-
librium, and thermomechanical transport of contaminant in
polluted mining soil which are discussed actively.

Porous media of polluted mining area (macromolec-
ular solvent systems) can exhibit absorption-desorption,
be diffuse-undiffused, and exhibit swell/shrink resulting in
macroscopic behavior which may be significantly different
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from nonpolluted media. It is crucial to understand the
constitutive behavior of these materials such as clay or other
mining components.Then, the examples of polluted clays are
discussed as follows.

2. Thermomechanical Transport Approach

Three phases refer to solid, water, and air in soil-water system
of pollutedmining areas. To simulate the influence of variably
saturated flow which is governed by the Darcy equation [16]
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while 𝑄 is bulk flux; Δ𝑝 is differences in pressure; Δ𝑙 is
pathway length; 𝑘 is infiltration of medium; and 𝑆 is the area
across water.

2.1. Thermohydromechanical-Air Coupling Deformation of
Field Equations. The equilibrium equations for polluted geo-
materials in a representative elementary volume (REV) are
derived [1]: the coupling total stress tensor 𝐹 and the stress
tensors (soil, water, and air) acting on each phase have the
following form:
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where 𝐼 is the identity tensor, 𝐹 is the effective stress tensor,
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the densities of soil, liquid, and air, respectively, are 𝜌
𝑠, 𝜌
𝑤,

and 𝜌
𝑎, 𝑛 is the porosity of the soil, and 𝑆

𝑟
is the degree of

saturation. The appearance densities of the solid phase, the
liquid phase, and the air phase are defined as 𝜌

𝑠, 𝜌𝑤, and 𝜌
𝑎,
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Themass conservation law for the solid, liquid, and air phases
in the local form can be written as
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(5)

The equilibrium equation of soil-water-air three-phase field
theory can be given as

divT + 𝜌b = 0. (6)

The thermomechanical transport approach includes the pro-
cess of diffusing or the condition of being diffused, absorp-
tion/desorption, swell/shrink, equilibrium/nonequilibrium,
and thermomechanical transport of contaminant in three
phases of polluted mining soil which can be compactly
involved in the above equations.

2.2. Equation of Energy Conservation and Flow Rules. Con-
form the process of being diffuse/undiffused, absorption/
desorption, swell/shrink, and equilibrium/nonequilibrium as
the uniform dual uncoupling efforts. From the first/second
law of thermodynamics, the unit work increment is

𝑑𝑊 = 𝑑Φ + 𝑑𝐸 = 𝑝
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𝑉

+ 𝑞𝑑𝜀
𝑆
. (7)

The basic requirement of the proposed model within
the thermodynamical framework satisfies the basic laws of
physics.

The energy increment of the unit is
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Dissipation mechanism of the analysis unit is supposed to
associate with plastic deformation only; dissipation potential
increment can be given by Euler theorem as
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where the index of𝐷,𝑅 and𝑉, 𝑆 refers to themechanics of the
process of being diffuse/undiffused, absorption/desorption,
swell/shrink, and equilibrium/nonequilibrium, respectively.

Then, the thermodynamical generalized stress can be
defined:
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(10)

2.3. Transformation between Generalized Stress Space and
True Stress Space. As the transformation relationship
between generalized stress space and true stress space is
valuable for engineering analysis, the transformation from
the generalized dissipative space to the true stress space is
proposed. The shift or back stresses are used to account for
the effect of the translating yield without changing the shape.

From the basic energy relation of plastic work increment
relationship, the shift (or back) stress for transport approach
can be termed as

𝛼
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; (𝑖 = 𝐷, 𝑅; 𝑗 = 𝑉, 𝑆) . (11)
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The transformation relations between generalized stress
space and true stress space can be given as
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The physical phenomena of being diffuse/undiffused,
absorption/desorption, swell/shrink, and equilibrium/none-
quilibrium can be simulated by the dual effects. Accordingly
the yield surfaces of the dual efforts satisfy the associated
plastic flow rule and follow the degenerate special case of
Legendre transformation.

The relations in generalized dissipation space are given:
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The corresponding flow rules are
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The dual efforts of being diffuse/undiffused, absorption/
desorption, swell/shrink, and equilibrium/nonequilibrium
are derived by transformation of shift stress in true stress
space as

𝜇
𝑖

𝑓
𝑖

= (𝑝


− 𝛼
𝑖

𝑉
) 𝑑𝜀
𝑖

𝑉
+ (𝑞 − 𝛼

𝑖

𝑆
) 𝑑𝜀
𝑖

𝑆
− 𝑑Φ
𝑖

. (15)

Corresponding flow rules in true stress space can be
derived as
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3. A Seepage Model in Unsaturated
Porous Soil-Water Media

Uncertainty of groundwater is one of the factors that most
influence polluted mining area. This is also one of the most
difficult to characterize. In most geological environments
groundwater is largely confined in fractures and shear zones,
and its impact on pollutedmining area is usually related to the
intersection of faults by the mining table. Although fractures
and shear zones do not have a large volume of stored water,
they serve as channels and favored flow paths collecting and
concentrating water from the rock-soil mass and then further
influence the soil-water polluted characterization and classifi-
cation. Identification of fractured zones and shear zones both
from the structural and from hydraulic considerations for the
polluted characterization and classification is important.

Measuring, describing, or defining the parameters or
properties related to seepage is important. Uncertainties
of ground conditions are derived from spatially stochastic
distribution and transformation, and it caused the random
variation of the seepage coefficients. The geological seepage
model is developed and the according characterization is
processed. The quantified characterization for a mining table
would consist of described discontinuity rock characteris-
tics, geometric distribution, and orientation of these joints.
The hydrogeology characterizations of groundwater help to
understand the seepage behavior.

It is known that many uncertainty factors may affect the
parameter estimation of soil-water polluted seepage model
or force. The flow of fluids within the porous medium is
expressed in terms of a thermomechanical framework. For
the seepage modeling, the solid matrix is considered to
be perfectly rigid and the seepage velocity of liquid V

⋅ 𝑙

is
introduced. V

⋅ 𝑙

allow for the definition of a viscous interaction.
With basis on the dissipation inequality, the following model
form that can recover seepagemodel for steady saturated flow
is assumed:
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where the interaction term in the balance of linear momen-
tum is ̂𝑝

⋅ 𝑙

, 𝑔 is the gravity acceleration, 𝑘
𝑡

𝑙
is a multiplier

that depends on the liquid saturation, and 𝑘
⋅⋅

unsat
𝑙

is a tensor
analogous to conductivity parameter. The permeability coef-
ficient is expressed in tensor form in anisotropic media. The
greater the permeability coefficient is, the stronger the rock
and contaminant permeability ability is.

The hydraulic conductivity tensor function on unsatu-
rated polluted soil-water system can be simplified following
common modeling approach. A multiplier 0 ≤ 𝑘

𝑡

𝑙
(𝑠
𝑙
) ≤ 1

is defined for the dependence of hydraulic conductivity on
unsaturation soil-water system.Then, the liquid conductivity
model function and derivative are
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while 𝜆 is the slope of the seepage gradient in 𝑘
𝑡

𝑙
-𝑠
𝑙
plane

and 𝛽
𝑙
parameter is given constant number. In the case

of the one-dimensional isothermal model of a rectilinear-
parallel seepage flow, the permeability coefficient of coarse
gravel is more than 10m per day/night; the permeability of
the stone-sand-soil mixture loam varies from 1 to 0.01m
per day/night; the permeability coefficient of impermeable
clay is less than 0.001m per day/night. The soil permeability
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Figure 1: Section of the three-dimensional movement analysis of
the contamination seepage.

coefficients depend on the process of diffusing or the condi-
tion of being diffused, absorption/desorption, swell/shrink,
equilibrium/nonequilibrium, and thermomechanical trans-
port of contaminant in three phases of polluted mining soil
accordingly.

4. Three-Dimensional Transport
Simulation and Control

Construction of the mining table that proceeded needs
to control the developing seepage and soil-water pressure
during the whole pollutedmining area process. It is necessary
to control the seepage rate to accommodate the ground
adaptability characterization. The effective seepage control
relies on the statistical parameter estimation. For example, the
problem found in a China river crossmining table was related
to the state of high soil-water seepage force and stress and
effective control of seepage force canwell balance tominimize
construct risk in a statistical parameter scope.

A simple 3D-simulation example of the seepage model
in unsaturated porous soil-water media is given as follows.
In the area of 100m length, 100m width, and 0.6m depth,
the contamination migration rule of a soil-water system is
shown in Figures 1 and 2. The cases of contamination three-
dimensional seepage movement of Figures 1 and 2 can show
the common effect of mitigation application in most polluted
mining area projects. Inside, the three-dimensional seepage
movement of polluted wave transport approach can be char-
acterized in Figure 1. The planform for three-dimensional
movement analysis of the contaminant seepage is presented
in Figure 2. This case can degenerate to the single factor and
single level analysis. Seepagemigration can be realized clearly
and it is known that risk can be controlled by restricting the
scope and rate of seepage force and hydrodynamic condition.

The simulation test can study the movement law of
pollutant diffusion under the different seepage coefficient
and hydrodynamic condition in soil-water system. Pollutant
extends its incidence by diffusing after dissolving and being
carried by soil-water flow.The transport of pollutants seepage
could be surprisingly wide and rapid. By this method, pre-
dicting the diffusion of pollutant, managing and controlling
soil-water quality can be done.
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Figure 2: Platforms of three-dimensional movement analysis of the
contamination seepage.

In the practice, because it takes very long time to get bal-
anced temperature, herein a fixed characteristic temperature
is proposed to weaken its influence in this paper.

It can be seen from Figures 1 and 2 that the three-
dimensional seepage disperses fast in the soil-water system.
We can think that pollutant fast extends its incidence by
diffusing after dissolving and being carried by flowing.
Then, control dispersion of multiphase contaminants in soil-
water system to protect occupants in polluted mining areas
and environment is important. Grouting, increase of solid
components, or green antiseepage plugging agent is the good
way to consider in the practice engineering project.

So, the case study of pollutant dispersion and distribution
is reported.

5. Conclusions

The use of a thermomechanical transport approach and its
application in soil-water system of polluted mining areas
considering three-phase coupling models can lead to the
deeper understanding of the soil-water behavior during the
polluted mining area process.

The thermomechanical transport approach includes the
process of diffusing or the condition of being diffused,
absorption/desorption, swell/shrink, equilibrium/nonequi-
librium, and thermomechanical transport of contaminant
in three phases of polluted mining soil which are simply
discussed. The thermomechanical transport model of the
contaminants transport in polluted soil is directly related to
the thermomechanical seepage force, and its finite difference
equation is given. Based on it, the distribution regularities of
the contaminant in soil-water system are discussed in detail,
and the sensitivities of parameters are analyzed. The study
shows that the seepage parameters have important influence
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on the function distribution, and the larger 𝑘 is, the more
determined the influence is.

In summary, a 3D thermomechanical transport approach
and application in soil-water system of polluted mining
areas considering the three-phase coupling are investigated.
Rooted early form the Darcy formula and its modified
transformation, the random and effective thermomechanical
transport approach and its application in soil-water system
of polluted mining areas considering three-phase coupling
method in the time domain should be explored detailedly in
the future.
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