


Cover: The illustrations on the cover depict a sequence of modeling
stages, starting with a base map that shows the geometry and boundaries
of the problem domain (see Figure 16). The Graphical-User Interface for
Argus Open Numerical Environments facilitates the definition of
parameters and discretization of the model domain into a finite-
difference grid (see Figure 25). Argus ONE also exports data sets in a
format compatible with MODFLOW-96 and MOC3D, and allows the
model to be run from within the Argus ONE environment. Argus ONE
visualization capabilities can then be used to visualize the results (in this
case, heads as contours and concentrations as colors--see Figure 26).
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ABSTRACT

This report describes a Graphical-User Interface (GUI) developed for MOC3D, the U.S.
Geological Survey (USGS) three-dimensional, method-of-characteristics solute-transport model.
MOC3D is integrated with MODFLOW-96, the USGS modular, three-dimensional, finite-
difference ground-water flow model. The GUI for MOC3D is developed as an addition to an
existing MODFLOW-96 GUI, which is a Plug-In Extension (PIE) to the commercially available
software developed by Argus Interware, Inc. The Argus Interware product, known as Argus Open
Numerical Environments (Argus ONETM), is a programmable geographic information system
(GIS) that has automated gridding and meshing capabilities to link geospatial information with
finite-difference and finite-element discretization, as well as several means of importing geospatial
information. The addition of the MOC3D interface to the GUI for MODFLOW-96 includes
automatic creation of geospatial information layers required for MOC3D, and menus and dialog
boxes for input of parameters for MOC3D simulation control. The GUI creates formatted ASCII
files that can be read by MOC3D. MOC3D can be executed within the Argus ONE application,
and the GUI includes an option to solve only the ground-water flow equation (MODFLOW-96).
Solute concentrations and ground-water flow velocities calculated by MOC3D simulations can be

visualized using the GUI's MOC3D post-processing capabilities.

INTRODUCTION

This report describes a Graphical-User
Interface (GUI) developed for MOC3D, the U.S.
Geological Survey (USGS) three-dimensional,
method-of-characteristics solute-transport model
(Konikow and others, 1996). MOC3D is inte-
grated with MODFLOW-96, the USGS modular,
three-dimensional, finite-difference ground-water
flow model (Harbaugh and McDonald, 1996a;
1996b). MOC3D uses flow components calcu-
lated by MODFLOW-96 to compute velocities
across cell faces, and uses these velocities to track
particles to simulate advection. The GUI for
MOC3D is developed as an addition to the
MODFLOW-96 GUI (Shapiro and others, 1997)
because MOC3D requires the use of MODFLOW-
96. With this added capability, the MODFLOW-
96 GUI is upgraded to Version 2.0. This docu-
mentation describes the functions of the GUI
specific to MOC3D and is meant to be used in
conjunction with documentation for the GUI for
MODFLOW-96 (Shapiro and others, 1997).

The GUI for MODFLOW-96 and MOC3D
discussed in this report is developed using
commercially available software developed by
Argus Interware, Inc. The Argus Interware

product, known as Argus Open Numerical
Environments (Argus ONETM), is a program-
mable geographic information system (GIS) that
has automated gridding and meshing capabilities
to link geospatial information with finite-
difference and finite-element discretization, and
includes several means of importing geospatial
information. Geospatial information and
simulation control parameters are exported by the
GUI into ASCII text files that can be read by the
appropriate numerical model. In addition, Argus
ONE allows access to externally developed Plug-
In Extensions (PIEs), which are executable codes
loaded into the memory of Argus ONE such that
they appear as part of Argus ONE, even though
they have been developed independently (Argus
Interware, 1997).

Although the MODFLOW-96 GUl is a
fully functioning graphical pre- and post-
processor, it also allows the user to apply pro-
grammable features within Argus ONE to meet
the unique demands of each modeling project.
Thus, the GUI is intended as a structure from
which the user can add capability according to the
demands of the modeling project.



This report describes how to use the PIEs
as graphical pre- and post-processors for MOC3D.
This report does not describe the programming
that has been used to develop the PIEs. However,
the source code and export template for the PIEs
(developed using Microsoft™ Visual C++) are
available for those who wish to modify or
augment the graphical pre- and post-processing
capability developed in this version. Furthermore,
it is assumed that the reader has a knowledge of
the basic data requirements and underlying
principles for using the USGS three-dimensional,
method-of-characteristics solute-transport model
(MOC3D) and the USGS modular, three-dimen-
sional, finite-difference, ground-water flow model
(MODFLOW-96). Konikow and others (1996)
and McDonald and Harbaugh (1988 and 1996a,
1996b) provide thorough discussions of principles
underlying MOC3D and MODFLOW-96. In
addition, it is assumed that the reader has a
knowledge of the general attributes and use of
Argus ONE. Information about Argus ONE can
be obtained from the Argus ONE User’s Guide
(Argus Interware, 1997) and the World-Wide Web
site for Argus Interware (Wwww.argusint.com).

Acknowledgments. The authors appreciate the
thorough evaluation and review comments
provided by USGS colleagues P. E. Misut and K.
M. Hess, and by Argus Interware. The authors
also appreciate the programming support provided
by Mr. Shahar Dolev of Argus Interware.

SYSTEM REQUIREMENTS AND
INSTALLATION

The pre- and post-processing GUI
enhancements developed for MOC3D and
described in this report use Argus Open
Numerical Environments (Argus ONE). Argus
ONE operates on multiple computing platforms;
the GUI discussed in this report, however, has
been developed and tested only for computers
operating under Windows 95 and Windows NT.
Optimal operation of Argus ONE requires at least

a Pentium 100 Mhz processor with 16 MB of
RAM, 7 MB of free disk space, and a video card
capable of displaying 256 colors; capability to use
65,000 colors is recommended.

The GUI consists of three PIEs that
appear as the files MFGUI_20.DLL,
MFPOST20.DLL, and MCPOSTI10.DLL. The file
extension "DLL" is referred to as a dynamically
linked library, which is the name of the
Microsoft™ technology that allows external
codes to be loaded in the memory of software
applications. The file MFGUI_20.DLL is the pre-
processor for MODFLOW-96 (Version 2.0),
which includes MOC3D capabilities.
MFPOST20.DLL is the post-processor for
visualizing head and drawdown results calculated
by MODFLOW-96 or MOC3D simulations and
MCPOSTI0.DLL is the post-processor for
visualizing concentration and velocity fields
calculated by MOC3D simulations. In addition,
the file MODFLOW.MET is used for exporting
projects and the file MODFLOW.VAL contains
default values for the project information dialog
boxes. These PIEs and files are available without
charge from the U.S. Geological Survey and can
be distributed freely, but they require an execut-
able version of Argus ONE (version 4.10t or
higher) to operate.

The pre- and post-processing PIEs for
MOC3D and MODFLOW-96 have been devel-
oped using Microsoft™ Visual C++. The source
codes for the PIEs are available at the World-
Wide Web site (water.usgs.gov/software/); this
information is included under the category
"Ground Water." The software can also be
retrieved using anonymous File Transfer Protocol
(FTP) from water.usgs.gov (path: /pub/software).
Detailed installation instructions are included in
the README file that is included with the
software distribution. Additional information
about Argus ONE can be found on the World-
Wide Web site (www.argusint.com).

The executable versions of MOC3D
(Version 1.2 or later) and MODFLOW-96 must
also be installed to run these models from the























































































