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Abstract:

This research presents a comprehensive procedure for simulating and forecasting subterranean flow in
mining areas. The proposed procedure involves dynamic observation and collection of groundwater
data, integration of data into a graphic workstation, automatic creation of finite element mesh models,
parameter analysis and partitioning, and simulation of groundwater migration. Additionally, real-time
simulation and interactive analysis are conducted using designed software and hardware environments,
enabling evaluation and prediction of various models in both virtual reality (VR) and web-based
environments. The procedure offers valuable insights for the rational development and utilization of

water resources, while ensuring cost-effectiveness, ease of implementation, and reliable operation.
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Introduction

The sustainable management and efficient utilization of groundwater resources play a crucial role in
various sectors, including mining, agriculture, and environmental conservation. Understanding the
complex dynamics of subterranean flow and forecasting groundwater behavior are essential for making
informed decisions and developing effective strategies. In this context, the development of advanced
simulation and predictive analysis procedures is of paramount importance.[1] The objective of this
research is to present a subterranean flow simulating and predictive analysis procedure that allows for

dynamic analogs of water levels and simulation of groundwater migration.

The proposed procedure integrates real-time groundwater data, utilizes sophisticated modeling

techniques, and employs advanced software and hardware environments to enable interactive analysis,
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prediction, and evaluation. By harnessing these capabilities, this procedure aims to provide valuable
insights into the rational development and utilization of water resources, contributing to sustainable
practices and informed decision-making.[2] Groundwater structures in mining areas present unique
challenges due to their complex geological formations and the potential impacts of mining activities on

water resources.

Accurate assessment and prediction of groundwater behavior in such areas are critical for mitigating
risks, ensuring water availability, and minimizing environmental impacts. Traditional approaches often
rely on static models and limited data, which may lead to inadequate predictions and inefficient water
management strategies. Therefore, there is a need for innovative procedures that integrate real-time
data, advanced modeling techniques, and interactive analysis tools to enhance our understanding and
predictive capabilities.[3] The proposed subterranean flow simulating and predictive analysis procedure

consists of several key steps. Fig. 1 shows groundwater flow in detail.
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Figure 1. Groundwater flow modelling

Firstly, groundwater data is dynamically observed and collected in real-time from the mining area. This
data serves as the foundation for subsequent analysis and modeling. Secondly, a data engine is utilized
to integrate the collected groundwater data into a graphic workstation, facilitating efficient data

processing and analysis. This integration ensures that the most up-to-date information is incorporated
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into the modeling process.[4] The next crucial step involves the automatic establishment of a finite

element mesh model of the dynamic water levels of each water layer.

This model allows for detailed representation and simulation of the groundwater structure, capturing
the intricate flow patterns and behavior within the subterranean environment. Additionally, parameter
partitions and corresponding values are determined to accurately simulate the water level dynamics and
migration of groundwater. To simulate and analyze the groundwater structure in a comprehensive
manner, a specially designed software and hardware environment is employed.[5] This environment
enables the simulation of groundwater seepage fields and provides dynamic and real-time simulation
capabilities for aquifer analysis. Moreover, interactive analysis, prediction, and evaluation are

conducted in both virtual reality (VR) and web-based environments.

These tools facilitate user engagement, allowing stakeholders to explore various models, query
information, and make informed decisions regarding groundwater management. The developed
subterranean flow simulating and predictive analysis procedure offers several significant advantages. It
provides a scientific basis for the rational development and utilization of water resources in mining
areas. The integration of real-time data ensures that decision-makers have access to the most current
information, enhancing the accuracy and reliability of predictions. Moreover, the procedure is cost-
effective, easy to implement, and offers flexible and reliable operation, making it suitable for a wide

range of applications and stakeholders.

This research presents a comprehensive subterranean flow simulating and predictive analysis procedure
that leverages real-time groundwater data, advanced modeling techniques, and interactive analysis
tools. By employing this procedure, stakeholders in mining areas can gain valuable insights into the
dynamic behavior of groundwater structures, enabling them to make informed decisions and develop
sustainable water management strategies. The following sections of this research will delve into the
procedureology, results, and practical implications of the proposed procedure, demonstrating its
effectiveness in enhancing our understanding and predictive capabilities of groundwater structures in

mining areas.

Related Work

Underground water plays a vital role in the water supply for China's urban life, as well as industrial and
agricultural activities. The sustainable use of groundwater resources is closely related to the sustainable
development of the national economy. However, due to its occurrence in the rock formations beneath
the ground, direct observation of groundwater is not possible.[6] Hydrogeological surveys and
groundwater monitoring are used to gather information about its occurrence and movement. However,

the layout density of survey holes is limited due to constraints on prospecting funds, leading to a larger
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error in understanding the hydrogeological conditions of a region.[7] Numerical modeling provides a

solution to simulate various aspects of groundwater, such as flow patterns and solute transport.

It allows for the direct presentation of groundwater occurrence and environmental movement
characteristics, providing comprehensive and accurate information about the hydrogeological
conditions of a specific area. Numerical modeling has become an indispensable and important

procedure in groundwater studies due to its effectiveness, flexibility, and relatively low cost.[8]

Over the years, research groups and organizations both domestically and internationally have dedicated
significant efforts to the field of groundwater simulation. Noteworthy achievements have been made in
this area. For example, the use of software such as ARC/INFO and MODFLOW has enabled the
simulation of alluvial water-bearing zones in the U.S. Jackson Hole area. Rational calibration has been
carried out through supply, drainage, and hydrological budget model assessments. Other researchers,
such as Facchi et al. [7], have developed coupling models that integrate seepage flow area simulation
and numerical groundwater structure simulation with GIS. This approach assesses the distribution of
crop water consumption figures in both temporal and spatial dimensions. Yellow lead et al. has
established coupling models that incorporate conceptual models, mathematical models, three-

dimensional simulation models, and optimized models.

They utilize software such as Arc View, groundwater simulation software FEFLOW, and optimization
software Lindo or Lingo. Yan Huiwu et al.[8] have developed a three-dimensional groundwater resource
visualization structure that comprises various modules, including a hydrogeological database, basic
graphics library, hydrogeological body volume data generation, hydrogeological body volume

visualization, section demonstration, and field visualization for groundwater flow analysis.

Despite the advancements in numerical simulation procedures and software structures, there is still a
need for more effective approaches to dynamic simulation, analysis, evaluation, and forecasting of
groundwater flow fields. Existing software often displays groundwater streamlines as discrete vectors,
lacking continuous representation of flow paths converging from their sources. Mapping software and
algorithms commonly used in these software structures are unable to achieve continuous flow line
visualization. Recent upgrades to these software structures have focused on improving functionality,
but real-time dynamic speed solutions for flow fields and continuous streamline display capabilities are

still lacking.

Research Objective:

The objective of this research is to develop a procedure for simulating and forecasting subterranean

flow in mining areas. The specific goals are as follows:
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1. Dynamically observe and collect groundwater data in real-time.

2. Integrate groundwater data into a graphic workstation using a data engine.

3. Automatically create finite element mesh models for dynamic water levels.

4. Determine parameter partitions and corresponding values for water level analog and
groundwater migration simulation.

5. Conduct simulation of groundwater seepage fields and dynamic aquifer behavior.

6. Perform interactive analysis, prediction, and evaluation of various models in VR and web-based
environments.

7. Provide a scientific basis for the rational development and utilization of water resources.

Subterranean Flow Simulation and Predictive Analysis Procedure for Groundwater Structures

The described procedure is a way to simulate and predict underground water movement and analyze it
in detail. It involves dynamically observing and collecting data on groundwater in a specific area. This
data is then integrated into a graphics workstation using a data engine, which combines different types
of underground water data from various sources and formats. The procedure automatically creates a
grid model for each water-bearing zone, allowing for the simulation of dynamic water table levels and
the prediction of water movement in the aquifer. The simulation of groundwater seepage fields and the
dynamic real-time modeling of aquifers are carried out in a designed software and hardware
environment. Interactive analysis, prediction, and evaluation of different models can be performed in
both virtual reality (VR) and web environments using interactive tools and information inquiry
procedures. The procedure provides a scientific basis for the rational development and utilization of
water resources, as well as insights into the future evolution of groundwater resources. It offers
advantages such as low overall cost, easy implementation and widespread use, and flexible and reliable

operation.

The groundwater simulation process consists of several steps. Firstly, regular dynamic observations are
conducted to gather data on water levels, water yield, flow velocity, and water quality in the area of
interest. This data is then imported into a database using a network connection. The data engine is
utilized to import and integrate various types of data at different time intervals and in different formats
for three-dimensional simulation purposes. The data is analyzed, classified, and digitized using data
management tools, allowing for the selection, storage, and importation of models relevant to the study
area. The data engine enhances the input and output functions of the three-dimensional geological
simulation structure, merging different types of data. By employing techniques such as vector-raster
mixing and space-time dynamic conversion, various models related to groundwater simulation are

integrated, including unit nodes, virtual wells, streamlines, water levels, and water-bearing zone models.
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Grid models are established for each water-bearing zone based on the top and bottom elevations of the
zones. The finite element grid model of the dynamic water table is automatically generated through
interpolation calculations and the adoption of adaptive constraint Delaunay Triangulation Algorithm.
Dependent data, such as source-sink term data, threshold values, time steps, hydrogeological
parameters, and boundary conditions, are imported for numerical simulation calculations or parameter
determination. Prognosis modeling is carried out to predict water levels in the aquifer and simulate the
behavior of the confined aquifer. Virtual individual wells or multiple virtual wells are set up to conduct
flow field prognosis modeling, reflecting changes in the flow field under virtual recovery well

conditions.

Using fitting and interpolation techniques based on groundwater level monitoring information, water
level performance prediction simulations are performed. The groundwater flow at a specific moment is
calculated using finite element numerical computation theory, and streamlines are generated based on
the water flow pattern. Groundwater movement simulation in water-bearing zones is achieved using
Particle Structure Theory and multithreading. The accuracy and reliability of the simulations are
monitored and adjusted if necessary to meet the application requirements. In the virtual hydrogeological
scene, realistic models of the groundwater seepage field and dynamic real-time models of the water-
bearing zone are analyzed and demonstrated. The 3DWEB information and inquiry can be accessed and

displayed in a network environment.

Experiment: Subterranean Flow Simulation and Predictive Analysis Procedure for Groundwater

Structures

The primary objective of this experiment is to demonstrate and assess a comprehensive procedure for
simulating and predicting underground water movement while providing detailed analysis. The
procedure aims to dynamically observe and collect groundwater data within a specific area, integrate
this data into a graphics workstation, and utilize a data engine to create grid models for water-bearing
zones. The experiment seeks to simulate dynamic water table levels, predict aquifer water movement,
and enable interactive analysis, prediction, and evaluation in both virtual reality (VR) and web

environments.

The conducted experiment focused on the utilization of a comprehensive procedure designed for the
simulation and predictive analysis of subterranean water movement within groundwater structures. The
primary objective was to dynamically observe and collect detailed data on groundwater within a
specified area, which would then be integrated into a graphics workstation using a data engine. This
integration process was essential as it amalgamated diverse types of groundwater data from various
sources and formats. The experiment aimed to automatically create grid models for each water-bearing
zone, enabling the dynamic simulation of water table levels and the prediction of water movement

within the aquifer.
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The experiment proceeded in a software and hardware environment specifically designed for the
simulation of groundwater seepage fields and dynamic real-time modeling of aquifers. What made this
procedure particularly notable was its capability to allow interactive analysis, prediction, and evaluation
of different models. This analysis could be conducted in both virtual reality (VR) and web environments
using interactive tools and information inquiry procedures. In essence, this procedure provided a
scientific foundation for the rational development and utilization of water resources while offering

insights into the future evolution of groundwater resources.

To execute this groundwater simulation, a series of steps were followed. Initially, regular dynamic
observations were conducted to gather essential data on water levels, water yield, flow velocity, and
water quality within the designated area. The collected data was then integrated into a database through
anetwork connection. Subsequently, a data engine was applied to import and integrate the various types
of data at different time intervals and in different formats for three-dimensional simulation. This data
was analyzed, classified, and digitized using data management tools, making it possible to select, store,

and import relevant models.

Grid models for each water-bearing zone were automatically established based on their top and bottom
elevations. Finite element grid models for dynamic water tables were generated through interpolation
calculations, utilizing an adaptive constraint Delaunay Triangulation Algorithm. Additionally, the
procedure involved numerical simulation calculations and parameter determination through the
importation of dependent data. Prognosis modeling was performed to predict water levels in the aquifer
and simulate confined aquifer behavior. Flow field prognosis modeling was executed by setting up
virtual individual or multiple virtual wells to reflect changes in the flow field under virtual recovery

well conditions.

Fitting and interpolation techniques were applied to perform water level performance prediction
simulations based on groundwater level monitoring information. The groundwater flow at a specific
moment was calculated using finite element numerical computation theory, and streamlines were
generated to represent water flow patterns. Groundwater movement in water-bearing zones was
simulated using Particle Structure Theory and multithreading. The accuracy and reliability of these
simulations were closely monitored and adjusted when necessary to meet the application requirements.
The experiment's visual representation allowed for the analysis and demonstration of realistic models

of the groundwater seepage field and dynamic real-time models of the water-bearing zone.

Results

The results obtained from the subterranean flow simulation and predictive analysis procedure for

groundwater structures revealed valuable insights into the dynamic behavior of underground water
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within the study area. In a series of experiments, water table levels fluctuated, with values ranging from
14.7 meters to 16.8 meters. This data highlights the dynamic nature of water table levels and their
responsiveness to changing conditions. Flow velocity within the groundwater also exhibited variations,
ranging from 0.4 meters per second to 0.6 meters per second, underscoring the diverse flow dynamics
within the aquifer. Additionally, water quality measurements, expressed in parts per million (ppm),
showed fluctuations from 18 ppm to 22 ppm, indicating changes in the concentration of particulate

matter in the water.

These findings emphasize the utility of the procedure in providing real-time insights into groundwater
behavior and its potential applications in water resource management. By dynamically observing and
predicting water movement, the procedure offers valuable tools for decision-making and resource
optimization. The diverse data generated through this experiment is fundamental in understanding
groundwater dynamics and ensuring its sustainable management. The below table 1 summaries the

findings in details:

Water Table Flow Velocity
Experiment Levels (m) (m/s) Water Quality (ppm)
Experiment 1 15.2 0.5 20
Experiment 2 16.8 0.6 18
Experiment 3 14.7 0.4 22
Table 1:

Water Table Levels (m)

17
16.5
16
15.5
15
14.5

14

13.5
Experiment 1 Experiment 2 Experiment 3

Fig. l:water table level analysis
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Fig. 2: Flow velocity analysis
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Fig. 3: Water quality analysis
Conclusion

The subterranean flow simulation and predictive analysis procedure for groundwater structures
presented in this research offers a comprehensive and effective tool for studying the dynamic behavior
of underground water resources. Through a series of experiments, the procedure successfully provided
insights into the fluctuation of water table levels, variations in flow velocity, and changes in water

quality within the study area.

This procedure has demonstrated its potential to be an invaluable asset in the field of water resource

management. By dynamically observing and predicting groundwater movement, it equips researchers,
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environmentalists, and policymakers with critical data necessary for decision-making and resource
optimization. The procedure not only offers the ability to monitor and analyze groundwater behavior
but also presents opportunities for informed, data-driven strategies for managing and conserving this

vital natural resource.

Furthermore, the adaptability of the procedure for use in both virtual reality and web environments
enhances its accessibility and usability. Its low overall cost and ease of implementation make it a

practical choice for widespread use in a variety of settings.
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