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Numerical Simulation of Structural Variation of Aquifer Effect on Regional
Groundwater Circulation
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The destruction of groundwater resources caused
by coal mining is the main bottleneck restricting the
sustainable development of economy and environment
in coal mining area. The contradiction between min-
ing of coal resources and protection of water re-
sources will become more serious. China's coal-rich
regions are mainly distributed in north and northwest
China. Only coal reserves in Shanxi, Inner Mongolia,
Shaanxi and Xinjiang provinces account for 73.1% of
the total coal reserves. Groundwater resources in these
coal-rich areas are relatively poor. Severe water
shortage accounted for 71% of key mining areas and
40% of serious water shortages. The serious damage
to underground water resources exacerbated the
shortage of water resources in the mining areas, which
is particularly prominent in the energy province of
Shanxi. The fundamental reason is that the mining
caused structural changes in aquifers, resulting in
damage to groundwater resources, so that the
groundwater resources from the original quality of
water available for exploitation into the pit of mine
water and drain away, undermine the groundwater fill
row, and destroyed the hydrological surface condi-
tions, undermined the surface water cycle, thus af-
fecting the regional groundwater cycle situation.

During the coal mining process, the destruction
of the surrounding rock caused the change of the ag-
uifer and the aquifer structure, coupled with the large
amount of drainage of the mine water, the under-
ground water flow field evolved to the groundwater
circulation mode under the coal mining condition.
After the mine has been closed, the groundwater flow
field and the environment of the mine which has been
disturbed by mining are changed again. The original
aquifer and the mining disturbance fissure space is
flooded again, the water chemistry environment also
changes obviously at the same time, forms the new
pattern of the groundwater environment circulation
evolution after the coal mining. The evolution of
groundwater cycle pattern during coal mining and
coal mining has four-dimensional dynamic evolution,
nonlinearity and complexity. In the past, most re-
searches have been carried out from the perspective of
hydraulic conductivity and mining water-inrush
mechanism of single coalmine mining, and the influ-

ence mechanism of dynamic evolution of mining fis-
sures on the structural variation of aquifers. However,
this is the key to reveal the redistribution rules of
groundwater resources caused by coal mining and to
clarify the true pattern of regional groundwater cycle
evolution under coal mining conditions. Under the
coal mining condition, the groundwater resources are
destroyed and the groundwater environment is dete-
riorated. It is revealed that the real law of regional
water cycle evolution after coal mining is the key is-
sues to realize the regulation and optimization of wa-
ter resources, and to realize the economic and re-
sources and environmental development.

Based on the theoretical analysis and numerical
simulation, this paper studies the influence of aquifer
structure variation on the regional groundwater cycle
mechanism in the mining area of Lu'an, Changzhi
basin, Shanxi, and reveals the variation of regional
aquifer spatial structure after coal mining, to identify
the true state of redistribution of groundwater re-
sources during coal mining, to further develop a new
theory of groundwater system evolution under the
variation of aquifer spatial structure, and to enrich
regional water cycle research under changing envi-
ronment; The characteristics of underground water
circulation evolution and redistribution of groundwa-
ter resources, to a certain extent to achieve the aquifer
spatial structure variation on the groundwater cycle
evolution mechanism of the characteristics of innova-
tion and theoretical breakthroughs, this study is not
only of practical significance for coal mining area
economy, resources and the environment can be the
sustainable development, and it has theoretical value
for the study of groundwater cycle evolution under the
condition of group mining. It provides reference for
the sustainable utilization of groundwater resources
and the planning and design of water conservation for
coal mining.

1 Main research contents

(1) The influence of spatial and temporal evolu-
tion of mining fissures on the structural variation of
regional aquifers. Through the research on the char-
acteristics of time-space distribution and dynamic
evolution of overburden deformation, failure and
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mining fissure in typical mining area, the change of
buried depth, thickness and boundary condition of
water-bearing medium, the porosity and fracture rate
The characteristics of heterogeneity of water medium
in the influence range of coal mining are expounded.
Through the study of the mechanism of mutual con-
version between water-bearing medium and wa-
ter-conducting property, the results of coal seam min-
ing-induced and the variation model of aquifer struc-
ture in mining area affected by coal mining is estab-
lished.

(2) Effect of aquifer structure variation on re-
gional water cycle driven by group mining. Based on
the in-depth study on the heterogeneous evolution
characteristics and evolution trend of the regional
aquifer caused by coal mining in the group, the latest
information, data and data of the groundwater in the
area after coal mining are obtained, and the regional
groundwater flow pattern the evolution of hydro-
geological structure and the coupling of groundwater
flow patterns under the influence of coal mining in
coal mines, and the influence mechanism of hetero-
geneous evolution of aquifer spatial structure on re-
gional water cycle, and the establishment of regional
groundwater circulation evolution model.

(3) The evolution trend and redistribution of
groundwater resources driven by coal mining. Based
on the research results of groundwater cycle evolution
under the driving of coal mining, the evolution trend
and redistribution of groundwater resources during
coal mining and coal mining are carried out. The
evaluation model of water resources under mining
conditions is established, and comprehensive evalua-
tion of basin water resources, revealing the status,
characteristics, changing regularity and availability of
redistributed groundwater resources after coal seam
mining.

2 The main research results

(1) A structural variation model of aquifer influ-
enced by coal mining in typical mining area was es-
tablished on FLAC3D, based on the study of mecha-
nism of water-retaining and water-conducting mutual
transformation of water-bearing medium, revealing
the variation law of aquifer structure caused by coal
mining. The results show that the development law of
the hydraulic fractured zone above the mined-out area
is slightly saddle-shaped with the height of 105.7 m
on both sides and the middle height of 97.5 m on both
sides. The simulation results are in good agreement
with the measured data, which can effectively predict
the spatial structure of the aquifer after coal mining.

(2) Based on the statistical analysis of strati-
graphic lithology data of geological boreholes,
TPROGS is used to establish the Markov transition
probabilistic geostatistical model for the simulation of
water-bearing media, revealing the heterogeneous

evolution and trend of the aquifer spatial structure in
the study area. The results show that there is a linear
relationship between the thickness of the coal seams
and the height of the variation zone of the permeabil-
ity coefficient. The bigger the thickness is, the bigger
the variation of the permeability coefficient is. The
model can accurately predict the permeability coeffi-
cient of rock K, the calculation accuracy is much
higher than the previous empirical formula.

(3) According to the controlling factors of wa-
ter-bearing strata and coal seams, the numerical
simulation model of variable-parameter groundwater
system is established based on the control factors of
aquifer structure variation such as water-conducting
fissure, surface tension fracture and mining subsi-
dence. The evolution of groundwater flow field under
different mining conditions in the study area is pre-
dicted by model analysis, and the groundwater cycle
pattern and water resources evolution rule driven by
coal mining are revealed. The results show that the
development of mining fissures in coal seams is basi-
cally confined in intact bedrock, which makes the clay
strata bent and deformed, and the water level of con-
fined aquifers decreases to form the "upper stagnant
water", and the aquifer structure of Quaternary and
the effective thickness of the aquitard are thinned. In
some areas, the aquifer is cut off because of mining
fissures cut through the aquifers, and the man-made
"trace-source erosion" caused by coal mining has
caused the original isolated groundwater system be-
tween the phenomenon of groundwater seized, an ap-
propriate increase in mine water recharge.

(4) The trend and redistribution of groundwater
resources during coal mining and coal mining. The
results show that ground fissures or cracks of different
scale appear in the affected area of the mined - out
areca, and the precipitation infiltration recharge is
changed from piston type to shortcut type. At the
same time, the original sandstone and shale contain-
ment system is destroyed, the groundwater level is
decreased and the water supply is increased. The
ground subsidence and groundwater increase the
groundwater storage Space, changing the characteris-
tics of the fill row, natural base flow reduction into pit
water, changing the groundwater system on the role of
runoff storage, surface runoff is not only affected by
precipitation, groundwater storage control role, but
also by the mine drainage effect, making the spatial
and temporal distribution of water resources in-
creased.

(5) Variation of aquifer structure driven by group
mining is the main factor of Changzhi basin ground-
water recharge row circulation pattern change. The
damage of coal mining to groundwater system is irre-
versible and the damage degree is increasing. Even if
the mine is closed, not mining does not mean not stop
the destruction of groundwater resources, damaged
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groundwater system can not be restored, although not
drainage, there is still a large amount of water into the
mine go to become contaminated old pit water.

3 The main innovation

(1) The aquifer structure variation model estab-
lished by FLAC3D has good fitting effect with the
measured data, which can effectively predict the spa-
tial structure change of the aquifer after coal mining.

(2) The Markov transition probabilistic geosta-
tistical model can predict the permeability coefficient
K of the rock more accurately than the previous em-
pirical formula. The Markov transition probability
geostatistical model can be used to calculate the per-
meability coefficient of the aquifer in the study area.
And provide the basic data for the research of water
cycle mechanism.

(3) The numerical simulation model of ground-
water system with variable parameter structure is es-
tablished, and the traditional deterministic groundwa-

ter model is improved to improve the reliability and
accuracy of simulation. Based on the model analysis,
the evolution of groundwater flow field under differ-
ent mining conditions was predicted, and the ground-
water cycle pattern and water resources evolution rule
driven by coal mining were revealed. The technical
basis for rational exploitation, scientific management
and environmental protection of groundwater re-
sources was provided.

Key words: aquifer structural variation; group mining;
groundwater; numerical simulation; Changzhi Basin
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