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Abstract

The increasing complexity of the munerical codes describing flow and trans-
port.in groundwater makes the availability of a graphic user interface (GUI)
very appealing.  In this context, CAMP (Configurable Application Man-
ager Program), a GUIL written in Tel/Tk object library language. is pre-
sented. CAMP features are described in detail including its portability on
different architectures and the ease to adapt the interface to diflerent two-
and three-dimensional numerical codes. In particular, the interface inte-
gration to CODISA-3D (COupled DIinsity dependent flow and transport
in variably SAturated 3-Dimensional porous media) code [1] is considered.
CODESA-3D is a finite element code for simulating saltwater intrusion in
coastal aquifers and groundwater brine transport. A three-dimensional test
case is presented along with the description through the GGUI of the miesh
generation and refinement processes, the parameter setup, and the graphi-
cal post-processing of model outputs. Future developments of CAMP will

also be discussed.

1 Introduction

Contamination of groundwater is a major concern in the management
ol water resources. Any addition of undesirable substances to ground-
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water caused by human activities is considered to he contamination.
Groundwater often spreads the effects of dumps and spills far heyoud
the site of the original contamination. Mathematical models can be
cffectively used to study the migration and the fate of contaminants
and their effects on water resources, and to design and analyze rene-
diation strategies. These models are solved numerically by means of
complex computer codes which are often very difficult to handle for
non-expert, users.

In the last decade, an increasing effort has been devoted to pro-
viding numerical codes with user-interfaces aimed at simplifving the
use the code itself. Generally, a user interface is buill «d hoc for a
specific code and is not reusable for others. In this context, a Config-
urable Application Manager Program (CAMP) is presented. CCAMDP
is a graphic-user-interface aimed at interfacing subsurface flow and
transport finite element codes with some public-domain or commer-
cial visualization tools; ”Configurable” because it is possible to adapt
CAMP to virtually any numerical code by means of a configuration
file. "I'his file is loaded at start-up time, so that CAMP is already
customized for the current code.

[n this work CAMP is used for running simulations with the
CODESA-3D code [1], a numerical simulator for modeling density-
dependent flow and mass transport in porous media.

2 Coupled Flow and Transport: the CODESA-
3D simulator

The CODIESA-3D mathematical model is based on two governing
equations: the groundwater and the solute mass conservation. The
two equations are coupled through the Darey velocity (flow — trans-
port)and the solute concentration (transport — flow). The governing
equations for a three-dimensional coupled system of flow of water in
a variably saturated porous medium and transport of miscible salt
can be written in the form

D4 Lt
= V- |N;— ko (V) 1 .
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where v = p/(p,g) is the equivalent freshwater pressure head. pis the
pressure, p, is the freshwater density, ¢ is the gravitational constant,
and = is the vertical coordinate directed upward, ¢ = (ps — p,)/p.,
is the density ratio, where pg is the maximum solution deunsity, and
= (Jts = Jto)/ e is the viscosity ratio, where gy and g are the
maximum and freshwater viscosity, respectively; ¥V is the gradient
operator, Ny is the saturated hydraulic conductivity tensor at the
reference density, k(1) is the relative conductivity, 1. is a vector
equal to zero in its @ and y components and 1 in its = component,
a(i,e)is the general storage term or overall storage coellicient, ¢
is time, ¢ is the porosity, 9,,(¢) is the water saturation, ¢ is the
injected (positive)/extracted (negative) volumetric flow rate. v is the
Darcy velocity vector, D is the dispersion tensor, ¢ is the normalized
concentration of salt in the injected/extracted fluid, and [ is the
volumetric rate of injected (positive)/extracted (negative) solute that
does not affect the velocity field. Initial conditions and Dirichlet,
Nenmann, or Cauchy boundary conditions are added to complete the
mathematical formulation of the flow and transport probleni.

Fquations (1-3) are approximated in space using the Galerkin
finite-element method with linear basis function, and in time with
a weighted finite dilference scheme. These discretizations yield a
nonlinear system which is solved by applying the Newton-Raphson
lincarization iterative scheme (for solving the nonlinear unsaturated
flow equation) and the Picard (or fixed-point) iterative scheme (for
the global coupling between the flow and the transport equation).
The linear systems obtained after the linearization are solved using
an iterative lincar solver for nonsymmetric sparse systems [2].

Four main parts can be recognized in the code: input (mesh
informations, soil and solute properties, initial and boundary condi-
tions, simulation parameters), build-up ol topological data structures
(nodes reordering, element areas neighbors edges, etc.). flow equation
solution (which yields the pressure and velocity ficlds), and transport
cquation solution (which yields the concentration field). CCODISSA-
3D can handle complex features including: unstructured meshes, het-
crogeneous soils, pumping wells, localized and distributed immissions,
temporally and spatially variable boundary conditions. etc.
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3 Tcl/Tk programming library for CAMP

CAMP is written  using the public-domain  programming library
Tel/Tk [3, 4]. Tel is a string-oriented language which provides
high-level generic programming facilities for handling variables. pro-
cedures, conditional and repetitive loops, ete. Programming in Tcl
requires no variable or subroutine declarations. Tk is a toolkit for the
N Window System which contains some preselected objects for han-
dling windows, like: buttons linked to comnands, entries, listhoxes,
scrollbars, text widgets, canvases, ctc. [3, 4]. Tcl/Tk libraries can
be casily interfaced with other libraries and programming languages
(such as (!) and allow an easy management of both graphical and
system functions.

4 How CAMP works

[n this section CAMP capabilities are illustrated by means of a rather
simple test case: the fate of a plume of dense contaminant in a sat-
urated aquifer. Thus, it has been considered a three-dimensional
domain 100 m long, 100 m wide and 30 m high, discretized into 758
triangular clements in the x-y plane by means of an unstructured
mesh. The 2D grid has been replicated along the z direction to ob-
tain the 2940-nodes/13644-tetrahedral element 3D-mesh. An imper-
meable block of clay was assumed to be present in the aquiler. This
block was considered to span over all the depth of the aquifer and
it was removed from the global mesh on cach layer: no-flow hound-
ary conditions were assumed in the corresponding internal houndary.
The domain was assumed to be isotropic and heterogeneous: two
horizontal zones of dilferent hydraulic conductivity were identified.
the first one, from 30 to 15 m, with a value of 0.1 m/day, and the
second one, from 15 m to the domain bottom, with a value of 1.0
m/day. An initial condition of uniform potential head distribution
was assumed over the whole domain. A Darcy flux on the x-z plane
was obtained by imposing a prescribed potential head of i = 50
{Dirichlet flow boundary condition) on the left side of domain:; more-
over, a constant infiltration rate of 4.32x 107" m/day was imposed on
the top surface. The domain was assumed to be initially free of con-
taminant, i.c., ¢(a,t = 0) = 0, and then the contaminant entered the
aquifer from a salt deposit located in a central zone at the top of the
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Figure 1: Main window of CAMP program.

domain (Dirichlet transport boundary condition, ¢(a*,1) = I. with
7 belonging to the selected zoue). The density ratio was ¢ = 0.07.
the viscosity ratio and the diffusion coefflicient were set {o zero. and
the dispersivity coellicients were imposed ap = aqr = 10 m.

Figure 1 shows CAMP main window with some of the included
functionalities already present: ARCHIVT, MESH, EDI'T. RUN,
GRAPH, INFO, and EXIT. Fach of these labels activates. when
clicked. a menu in which a list of functions are made available. I'hus,
for example, ARCIIVE activates the window for handling the archive
ol a previous set of simulations and for storing new test cases 1/0
compressed data; MESIT activates functionalities related to mesh gen-
cration, visualization, and data formatting for the numerical code.
EDTT enables the editing of input files (such as initial and boundary
condition, soil characteristics, and other simulation parameters; RUN
is devoted to run, stop, and change the priority status of the running
code; and GRAPI postprocess and visualize model results in a two
and three dimensional lashion.

The MESTT window contains all the functions for creating the
computational mesh. The boundary of the computational domain
can bhe drawn clicking the points (points can be added. cancelled,
moved. ete.) with the mouse, as shown in TPigure 2; then the file
[lilename].poly is created and represents the starting step for the tri-
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IMigure 2: Polygon drawer window.

angulation. The number of layers and relative thicknesses for the
generation of the 3D computational domain can be casily imposed.

The triangulation is obtained using the Triangle command panel.
and is visualized by clicking the Show_ mesh button , as illustrated in
I'igure 3. By clicking the Save_ Mesh button, the 2D grid is replicated
the desired number of times and saved in file [filename].grid; now it
is also possible to see the new mesh, as shown in Figure 1.

After generating the grid file, it is possible to run the CODISSA-
3D code by clicking the RUN button on the main window (see Iig-
ure 1). The window GRAPH enables the user to select some graphical
tools (such as PLOTMTV, XMGR) for visualizing results generated
by the simulation which has been run. Concentration, potential head,
pressure, and velocity profiles can casily be shown at any desired time
step and on cach layer of the computational domain, using the frame
sclector panel (see Figure 5).

I'or example, Iigure 6 represents the concentration profiles at
time 1T'= 1000 days on the first, and third layer, while in IMigure 7
the corresponding slices are plotted at time T'= 4000 days. when the
PLOTMTYV visualizer is selected.
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Output williseconds: 187
Total running milliseconds: 434

Statistics:

Input paints: 17
Input segments: 14
Input holes: 1

Mesh points: 420

Mesh triangles: 758
Mesh edges: 1178

Mesh houndary edges: 82
Mesh segments: 82
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Figure 3: Triangle command window (above), unstructured 2D mesh
(below).
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Figure 5: I'rame selector.
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Figure 6: Concentration profiles on the 1°¢ layer (left) and 3"¢ layer
(right) at T=1000 days.
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Figure 7: Concentration profiles on the 1°¢ layer (left) and 3¢ layer
(right) at T=4000 days.
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5 Final remarks

The CAMP user interface has been presented. CAMP capabilities
have heen described and the software package has been applied to the
density-dependent CODESA-3D finite element simulator. Configura-
bility is one of the most important features ol CAMP and its applica-
tion to a wide variety of numerical codes is relatively straightforward.
CAMP customization is obtained by means of a configuration file in
which paths to executables, graphic tools, archive directories, and
working directories are to he specified.

Currently CAMP can handle files deriving from previous simula-
tions or from scratch. Iuture developments will include the possibility
to import/export 1/0 data from and to GIS systems.
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