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Abstract
With the development of industry and agriculture, City population increasing, more and
more water is needed, as well as the groundwater. It causes the groundwater over-
extraction, and a series of serious environment problems such as region’s groundwater
cone of depression, land subsidence, seawater inbreak, water quality deteriorate. It is very
necessary for us to study groundwater resource. At present, most tools use 2D data model
to analyze it. So, they are not the true 3D models and can’t get the actual result. But
volume visualization technology is very suitable to represent the true 3D geo-phenomena,
such as the existent condition of groundwater, the groundwater cone of depression and the
groundwater effluent seepage field. The authors use volume visualization technology to
research groundwater resource in this paper. The major contents include as follows: 1)
existent condition of groundwater; Generalize the hydrogeologic layer and its inner
physical and chemical attribute as three hydrogeologic phenomena: one is the phenomenon
of homogeneity change characteristic, the other is the phenomenon of horizontal change
characteristic, the third is the phenomenon of 3D change characteristic. Using DEM
interpolate, inverse distance to a power and Kriging method partly constructs three models
in the paper, Applying volume rending technology analyzes and visualizes the models. 2)
groundwater cone of depression; The 3D mathematical model of groundwater Seepage
flow in the Ⅱ confined aquifer is constructed , and can be used numerical solution. Then
form the model of groundwater cone of depression by DEM technology, and overlay
velocity and direction of flow, then unite the existent environment to realize the hybrid
volume rendering. 3) groundwater effluent seepage field; First Use the numerical solution,
and Construct and visualize the 3D model of groundwater effluent seepage field in research
district by flow visualization technology. Then use the data to modify the parameter of 3D
finite difference method, and become the final model. Finally analyze and forecast the
groundwater resource in research district using the right model.

PREFACE
Water Resource is one of the most important nature resources, and it is the strategic
resource for economic development. With the development of industry and agriculture, City
population increasing, more and more water is needed, as well as the groundwater. It causes
the groundwater over-extraction, and a series of serious environment problems such as
region’s groundwater cone of depression, land subsidence, seawater inbreak, water quality
deteriorate. It stares us in the face to extract and use groundwater rationally.

At present, there are many tools of researching groundwater resource at home and aboard.
But, mostly 2D data models are used and 2D planes and slices are used to represent the
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result. It is not the true 3D model, and is difficult to analyze groundwater resource exactly
(Klassen and Harrington, 1991).

Volume visualization technology is to sample in finite space, and each value of sampling
point will have one or more properties, which represent its physical property. So it is very
suitable to represent the true 3D geo-phenomena, such as the existent condition of
groundwater, the groundwater cone of depression and the groundwater effluent seepage
field.

This paper researches how to represent the time-space distribution and dynamic change
characteristic of hydrogeologic layer and its inner physical and chemical attributes, such as
intrinsic permeability, porosity, water quality, groundwater temperature groundwater
effluent seepage field moving regulation, the development procedure of groundwater cone
of depression and so on (Rosenblum, 1994). Thus it provides the scientific foundation of
decision support for the extraction of groundwater.

VOLUME VISUALIZATION TECHNOLOGY
The traditional computer graphic science always uses the geometrical model to describe the
objects, and the geometrical model is good at representing the tangible and regular models,
and not the intangible and anomalous objects. So, as for researching the groundwater
resource, the representation of geometrical model shows the obvious shortcoming
(Jimenez-Espinosa and Chica-Olmo, 1999).

Comparing the means by which the traditional computer graphic science describes the
objects, Volume data is to sample in finite space, and each value of sampling point will be
one or more properties, which represent its physical property. So it is the true 3D data
model, and includes the inner information of the objects, and is very suitable to represent
the true 3D geo-phenomena. The basic element of volume data is the voxel which roots in
three ways: one is all kinds of modern surveying methods and other image equipments,
another is the calculative model, such as building the volume data of effluent seepage field
by the model, the other is the voxeling of area data. Such as generating the regular grid
volume data of the geologic body in the way of spatial interpolate algorithm.

Volume visualization technology not only researches the show problems of volume data,
but also manages and analyzes the volume data, and operates and transforms them, in order
to make people recognize the complicated structure in the volume data more distinctly.

In this paper, build the architecture of hydrogeologic layer and its inner physical and
chemical attributes, effluent seepage field 3D model. Use the ray casting algorithm to
implement the volume visualization, then analyze the relation of extraction of groundwater,
the groundwater cone of depression and the land subsidence (Griffith, 1983).

EXISTENT CONDITION OF GROUNDWATER MODELING
The existent condition of groundwater includes the hydrogeologic layer and its inner
physical and chemical attribute, and it is classified with three hydrogeologic phenomena:
one is the phenomenon of homogeneity change characteristic, the other is the phenomenon
of horizontal change characteristic, the third is the phenomenon of 3D change
characteristic, then use different methods to build their models.
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Phenomenon of homogeneity change characteristic
The spatial distributing character of hydrogeologic layer is generally the obvious layered
distributing of every hydrogeologic layer. On the vertical direction, hydrogeologic layer are
divided into several layers (such as aquifer). There is a typical interface between the layer
and neighboring layer. And the inner of every layer is homogeneity. Therefore form the
spatial distributing structure of hydrogeologic layer by building the model of interface
between the layers.

There are four steps in setting up the architectural model of hydrogeologic layer as follows.
Firstly: boundary interpolate, it is to add a serial of control points on the boundary or out of
the research region because there are only the scatter sampling data in the research region,
so as to research the spatial distributing regulation of hydrogeologic layer in the research
region. Generate the boundary points by the means of inverse distance to a power and gain
the geo-information of the boundary. Secondly, select the good interpolate way to generate
the bottom surface of hydrogeologic layer. Thirdly, overlay the bottom surface in order of
the hydrogeologic layer, then prune the surfaces in terms of the incision and stagger
relations between the surfaces and form the 3D geologic model of hydrogeologic layer. At
last, unite the 3D geologic model of hydrogeologic layer by stitching the top surface and
the bottom surface, or build the cube model by interpolating (Nalder and Wein, 1998).

Phenomenon of horizontal change characteristic
Strictly speaking, the porosity, water quality, pondage rate, intrinsic permeability, and
feedwater degree is continually changing geo-phenomena in 3D space. In order to gain the
geologic information, firstly get the rock core by bore, then analyze the rock sample by the
physical and chemical experiment. Every bore just records one sampling value of certain
geologic layer, which takes the sampling value as the attribute describing of one level
position in rock layer.

Name this phenomenon after the geo-phenomenon of horizontal change characteristic. Its
spatial distributing character is not changed in the vertical direction, but continual
distributing in the horizontal direction. Therefore, generate the value of any point in the
hydrogeologic layer by interpolate algorithm, and build the layered model, then form the
volume model of the whole region at last.

In the paper, take the scope of sampling data in the research region as the bound box of
volume model. Divide the bound box into NX×NY×NZ. NX, NY, NZ are the grid num
of the X, Y, Z directions. Implement the interpolate of grid data by the interpolate
algorithm of inverse distance to a power, then form the 3D volume model (Decencière
Etienne and Meyer, 1998).

Phenomenon of 3D change characteristic
The groundwater temperature and its physical and chemical attributes are the continual
changing hydrogeologic phenomenon in 3D space. In the long time, the true 3D display and
water temperature surveying of any position have great shortcoming because of the limit of
surveying condition and visualization technology, which can be resolved by the volume
visualization technology.

The spatial distributing character is 3D change characteristic is the continual change in the
X, Y, Z three directions. The essential of building the model is the 3D spatial interpolate
(Deutsch, 1996).
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MODEL OF GROUNDWATER FLOW FIELD
In order to quantificationally analyze the groundwater resource of research region and
control the geologic destroy efficiently, it must represent the groundwater flow field, which
includes two aspects (Hin and Post, 1993): One is to represent the development procedure
of groundwater cone of depression in the aquifer, another is to represent the changing rule
of the velocity of flow and the direction of flow with the change of time (Max et al., 1993).

At present, use the numerical simulation technology to calculate the groundwater cone of
depression, velocity and direction of groundwater flow. In the paper, select the Changzhou
city in China as the research region which lies in the downriver south side of Changjiang.
See also Figure 1.

Figure 1: The graph of the Ⅱ confined aquifer of research region.

The width of the region is about 55 km and its height is about 81 km. The structure of
hydrogeologic layer is generalized into the eight layers: diving aquifer, the Ⅰ waterproof
layer, the Ⅰ confined aquifer, the Ⅱ waterproof layer, the Ⅱ confined aquifer, the Ⅲ
waterproof layer, the Ⅲ confined aquifer, the Ⅳ waterproof layer. In this paper, take the
typical Ⅱ confined aquifer as the research example, and set up the 3D mathematic model of
groundwater flow of the Ⅱ confined aquifer according to the equilibrium principle and
Darcy law.

zzyyxx KandKK ,  are the penetrative parameters, their unit is LT-1.

H : water level (L)
W : flux per volume (T-1 )
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sµ : feedwater rate of the multi-bore medium which represents the
feedwater degree of interspace medium per volume when the water
level depresses one percent.

t : time(T)
D : seepage region

Use the famous groundwater simulative software: MODFLOW and the 3D finite difference
method to do numerical solution about the above model. First build the time and space
dispersing section and difference functions, and manipulate the hydrogeologic conditions
and parameters, use the SOR to gain the data of water level, water deep and water flux of
the Ⅱ confined aquifer from 1999 to 2000, then set up the groundwater flow model of the
Ⅱ confined aquifer in the research region, at the same time, gain the value of scatting point
of the water level in special time, so generate the cone of depression model by the means of
boundary-confined DEM.

EFFICIENT GRAPH AND RESULT ANALYSIS OF VOLUME VISUALIZATION
There are many means of visualizing the volume data. Of these means, the ray casting
algorithm is very steady and simple, and is good at implementing the best image quality. Its
basic thought is: according to the position of present viewpoint, send one radial from every
pixel point through the volume data field, sample the points according to the step K
between the radial, and use the triangulate interpolate to compute the non-transparency
value and color value of all sampling points, then unite all kinds of sampling points
according to non-transparency value and corresponding color in order of from front to back,
at last gain the color value of the pixel in the screen (Figure 2).

Figure 2: The basic principle of ray casting algorithm.

The volume visualization efficiency of hydrogeologic layer and its physical and chemical
attribute see Figure 3 and 4 below. The graph of groundwater cone of depression sees
Figure 5a below, use the mixed drawing technology to draw the groundwater effluent
seepage field (Figure 5b).

Figure 3: Volume visualization of hydrogeologic layer.
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Figure 4: (a) Volume visualization of porosity, (b) Volume visualization of temperature field.

Figure 5: (a) Groundwater cone of depression, (b) Visualization of groundwater effluent seepage field.

Considering the geographic map of research region, find that the center of the cone of
depression mostly describes the region of developed industry and dense population along
the Shanghai-Ningbo railroad. Therefore make a conclusion: the groundwater cone of
depression is caused by the groundwater over-extraction. The field of the region depression
is suitable for the field of the groundwater cone of depression in the Ⅱ confined aquifer.
Therefore, we must control the groundwater extraction amount of the Ⅱ confined aquifer in
order to avoid the extend and worsen of the geologic disaster and environment

CONCLUSION
In this paper, unite volume visualization technology and GIS to research the space-time
distributing status and moving rule of the groundwater to implement the volume
visualization, and gain the rational research result. Make the good research on volume
visualization technology applying in the groundwater resource theoretically and practically.
The research result will help to building the recognized profundity of hydrogeologic
missionary and improving the research level of groundwater resource.
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