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Introduction 

Welcome to Version 7 
Groundwater Vistas (GV) is over 20 years old in 2017 and now at version 7.  Those of you familiar with 
Groundwater Vistas will not have any trouble adapting to this new version as the interface is largely the 
same as previous versions.  That is a conscious decision on our part.  There is nothing more frustrating than 
to have to learn a new piece of software after an upgrade.  We have tried to add some new features and 
some menus have changed a bit.  But on the whole you should be able to dive right in without any trouble. 

Probably the biggest new feature in Version 7 is the incorporation of triangular and voronoi grids for 
MODFLOW-USG.  We do this through the use of a third-party grid generator called AlgoMesh, which was 
developed by Damian Merrick.  We are including a license for AlgoMesh in Groundwater Vistas 7 
Professional and Premium levels.  The standard and advanced levels do not include the triangular or 
voronoi options. 

We also changed the native 64-bit version so that it is available in the standard version.  In version 6, the 
standard version was only 32-bit.  The reason we did this is to keep standard version users from making 
huge models that are difficult to support.  In keeping with this theme, we have imposed a size limitation on 
the standard level of 1 million nodes and 250 stress periods.  If you currently have the standard version, it 
may have been possible to go above these limits depending on model design.  If you have the standard level 
in version 7 and cannot open a previous version 6 model then you will need to upgrade to the advanced 
level or above.  We apologize if this causes any inconvenience but we believe the benefits of this strategy 
outweigh the negatives. 

Technical support in version 7 remains free of charge and we do not charge annual maintenance.  However, 
we do reserve the right to charge for excessive technical support requests.  We are calling this Extended 
Technical Support and are charging $600 at the time this manual was written (check our web site 
www.groundwatermodels.com in the online store for the latest pricing).  The following are situations where 
we may request that you purchase extended technical support: 

• Significant number of email requests for support in a short period of time (cost is for 1 year of 
extended support). 

• Assistance importing existing MODFLOW models, especially those created by the USGS.  With 
models becoming so large and complex, this type of support is taking a lot of our time.  Cost for 
this type of support is per model imported. 
 

• Models exceeding 3 million nodes and/or run times exceeding 30 minutes. 

If you are upgrading from a previous version of Groundwater Vistas, you probably want to know what is 
new.  The following is a brief description of new features (compared to version 6). 

 
Licensing & Operating Systems  <Insert from 2-page document> 
*Add-on items at extra cost 

http://www.groundwatermodels.com/
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Package Contents and Installation 

What Comes with GV? 
Your GV system is distributed with a lot more than just GV!  You receive all versions of MODFLOW.  
These include MODFLOW-NWTwin32, MODFLOW-USGwin32, MODFLOW2005win32 , 
MODFLOW2000win32 , MODFLOW96win32 and MODFLOWwin32, ESI’s versions for Windows.  You also 
receive MT3D-USGSwin32, MT3DMSwin32 (our windows interface version of MT3D), MODPATH5win32 
(our windows interface for MODPATH), and much more.  Here is a complete list of models and software 
provided with Groundwater Vistas: 

 
Models with Windows Interfaces: 
MODFLOWwin32 – MODFLOW88 from USGS 
MODFLOW96win32 – MODFLOW96 from USGS in double precision 
MODFLOW2000win32 – MODFLOW2000 from the USGS 
MODFLOW2005win32 – MODFLOW2005 from the USGS 
MODFLOW-NWTwin32 – MODFLOW-NWT from the USGS 
MODFLOW-USGwin32 – MODFLOW-USG beta version from Sorab Panday (GSI Environmental) 
MODPATH5win32 – MODPATH version 5 from the USGS 
MT3DMSwin32 – Version 5 of MT3D 
MT3DMS-USGSwin32 – Latest version of MT3D from USGS 
 
Models with Command Line Interfaces 
MODPATH – older steady-state version of MODPATH 
MODPATH version 7 
RT3D Version 2.5 
SEAWAT – special version of MODFLOW & MT3D for seawater intrusion modeling 
SEAWAT2000 – version 4 of MODFLOW & MT3D for seawater intrusion modeling 
MODFLOW6 (when available) 
 
Calibration Models 
PEST Version 13.6 
MODFLOW2000win32 

 
Optimization Models 
MODOFC – developed by David Ahlfeld and Guy Riefler (http://www.ecs.umass.edu/modofc/) 
Brute Force – ESI’s own creation for optimizing pump & treat systems 
MGO – Chunmiao Zheng’s new optimization model 
GWM – USGS optimization model based on MODFLOW2000 
SOMOS – Optimization model from Dr. Richard Peralta at Utah State University. 
 
Advanced Version adds: 
Pest SVD-Assist and Null Space Monte Carlo procedures 
Hydrogeologic Unit Flow Package (HUF) 
Conduit Flow Package (CFP) 
Sea Water Interface (SWI) Package 
Memory Compression for Recharge & ET Data 
Transient Hydraulic Property (TMP1) Package with MODFLOW-Surfact 
MODFLOW-USG nested and quadtree grids 
 
Professional Version adds: 
GW3D for 3D Visualization 
Aquiferwin32 Version 5 (includes Winflow and Wintran) 
MODHMS support (MODHMS model is an extra cost) 
Ability to create triangular and voronoi mesh types 

http://www.ecs.umass.edu/modofc/
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AlgoMesh license for creating triangular and voronoi grids 
 
Premium Version adds: 
SAMG Multi-Grid Solver 

You also receive an extensive tutorial manual that will help you get started.  We also offer free updates on 
our web site (http://www.groundwatermodels.com). 

Installing GV 

GV is distributed on a white usb flash drive or via download from our web site.  GV uses an installation 
program that is similar to other Windows products.  If you are using the flash drive, open File Explorer 
(Windows Explorer) and find the Groundwater Vistas directory.  Double-click the setup program.   

A dialog prompts for the hard disk drive letter and directory where the GV files will be stored.  The default 
is c:\gwv7.  We know that it is traditional in Windows to put the software under either “Program Files” or 
“Program Files (x86)”.  However, these directories are read-only by default and some command line 
models do not like spaces in path names.  In addition, the tutorial examples are written using the c:\gwv7 
directory structure.  If those are not big issues for you, then you can install GV7 under “Program Files” and 
it will work fine. 

Groundwater Vistas 7 uses a dongle called HASP.  These dongles are made by Safenet (Gemalto) and 
Windows should recognize the dongle when you first plug it in.  Windows will ask to search for drivers.  
You should allow Windows to search the internet for the latest drivers.  This may take a few minutes but 
eventually Windows should activate the dongle.  If it does not work or you do not have access to the 
internet during installation, go to the GWV7\HASP directory and run the program called HASPUserSetup. 

A license for AlgoMesh is also included with Groundwater Vistas 7 Professional and Premium.  The 
AlgoMesh installation program is called AlgoMesh-xxxxx-x64.msi (e.g. AlgoMesh-1.2.0.37827-x64.msi), 
there the xxxxx is the version number.  Double-click this file from the GV7 installation media or download 
archive and follow the instructions.  When you launch AlgoMesh for the first time, you are presented with 
a registration dialog (shown below).  Copy the Registration ID to the clipboard and paste into an email and 
send it to support@groundwatermodels.com.  We will then return a License Key for your installation.  
AlgoMesh does not use hasp keys (dongles) like GV7 does. 

 

 
 

mailto:support@groundwatermodels.com
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AlgoMesh has extensive documentation and tutorials.  The manual is called AlgoMesh User Guide.pdf and 
is located in the c:\Program Files\AlgoMesh\Documentation folder after installation.  The GV7 tutorial 
manual also has a tutorial on how to use AlgoMesh to support modeling in Groundwater Vistas. 

Uninstalling Groundwater Vistas 
You uninstall Groundwater Vistas like any other Windows program.  Navigate to the Control Panel and 
select the icon to uninstall software. 

Adding GWV7 to the System Path 
The installation program does not add the Groundwater Vistas 7 folder (e.g. c:\gwv7) to the system path.  
Normally this is not a big problem.  However, if you would like to use PEST for model calibration, then the 
gwv7 folder must be added to the path.  Here is how to do that: 

First, open File Explorer (Windows 10) or Windows Explorer (older versions of Windows).  On Windows 
10 you can find this by clicking the Start button, and scrolling down through the programs list to find 
Windows System.  Click on that and you will see File Explorer in that list. 

 
You can also just press the Windows Key and the E key to open it automatically. 

Right-click on “This PC” and choose Properties.  This will display the following dialog: 
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Groundwater Vistas Version 7 Page 6 

Click on “Advanced system settings”. 
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Now click on the “Environment Variables” button at the bottom of the system properties dialog.  Then 
scroll through the bottom window that says “System variables” until you see “Path”.  Click on that and then 
click the “Edit…” button at the bottom of the dialog.  This will display a long string of characters next to 
“Variable Value”.   
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If you did NOT have a previous version of Groundwater Vistas on your system, enter the following at the 
very end of that string of characters: 

 

;c:\gwv7 

 

If you DID have a previous version of Vistas on this computer, look through that string to find the 
Groundwater Vistas folder for that previous version.  Change it so it points to the gwv7 folder instead.  If 
you leave the older version ahead of gwv7 in the system path, then PEST will be run from that older 
version instead of the new version for gwv7. 

Licensing 
Groundwater Vistas Version 7 is licensed for a single user.  It is distributed by default with a HASP key 
(dongle).  This little gadget goes on the USB port and allows you to move your license to any computer.  
GV will only run on the computer that has the dongle.  If you do not like dongles, you may return it to ESI 
and get a security code.  Note, however, that security codes are specific to one particular computer and 
cannot be moved or replaced more often than once per year. 

If you decide to use a security code instead of a dongle, this is a two-step process.  The first step is to 
select Help|About Groundwater Vistas then click Register.  The dialog will display a System Code, 
which can be copied to the clipboard (you do this by highlighting the system code and pressing Ctrl-C) and 
pasted into an email to be sent to support@groundwatermodels.com.  You must tell us what version of 
Groundwater Vistas you are using and that you are requesting to use codes instead of the HASP key.  
If you do not tell us your version and that you are going to use codes instead of the lock, we will ask 
you for this information and delay sending the code to you. 

The second step is that we will reply with a security code that you paste or enter into the Security Code 
field in the same dialog.  You should right-click the gwv.exe program file, choose “run as administrator”, 
enter the code in the registration dialog, and exit Groundwater Vistas. 

If the security code is invalid or expired or if the dongle does not work, Groundwater Vistas will run as a 
student version which is limited in model size. 

HASP Key Information and Updates 
When we ship software to you, you receive a white flash drive containing the software installation 
programs, and a dark blue or purple hasp key (dongle).  Some users are confused as to which is which.  The 
hasp key looks like the following (note that yours may look slightly different but they are all about the 
same size and color): 

 

 

 

 

mailto:aquifer@groundwatermodels.com
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One side (shown above) contains a sticker with the product name and level (Adv for Advanced, Pro for 
Professional, Prem for Premium, Std for Standard).  The other side contains a number (see below).  It is a 
good idea to record both the version and the number somewhere.  It will help with technical support if you 
can provide that information if you have problems with the dongle. 

 
 

The flash drive containing the software is white with our logo on it.  It looks like this: 

 
 

 

The Safenet (Gemalto) HASP keys have several features that will make your life easier, including: 

Different ESI Software products (Groundwater Vistas, Aquiferwin32, GW3D, SAMG Solver) can be licensed 
on one key. 



Groundwater Vistas Version 7 Page 10 

Upgrading to a higher version (e.g. Advanced from Standard or from version 6 to 7) can be done via email 
without returning the key to us.  Adding a software product to a dongle can be done via email as well. 

You can find out information on the key using a web browser.  To find out what your dongle is licensed 
for, open a web browser (e.g. Internet Explorer or Firefox) and type http://localhost:1947 in the URL area 
at the top.  This will bring up Safenet’s Admin Control Center Help as shown below. 

 
Click “HASP keys” from the Administration Options menu on the left side of the window.  This will 
identify all HASP dongles on your system.  All ESI dongles should have a Vendor number of 88961 and it 
should show the type as “HASP HL Pro”, as shown below.  The first dongle identified below is for 
MODFLOW-Surfact Version 4.  The HydroGeoLogic, Inc. vendor number is 82287. 

http://localhost:1947/
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Since we are using different products on our keys, you can click the “Products” button either on the right 
side of the window in the table or from the menu on the left.  This will show what products you have 
licensed on the HASP key.  In the example below, AquiferWin32 version 4, Groundwater Vistas 7 
Premium, and Groundwater Vistas 6 Premium were found. 
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ProductName ProductID 
AquiferWin32 Version 4 3 
GW3D Version 1 4 
Remote Model Launch Version 1 5 
Network License 6 
Groundwater Vistas Version 6 Standard 7 
Groundwater Vistas Version 6 Advanced 8 
Groundwater Vistas Version 6 Professional 10 
Groundwater Vistas Version 6 Premium 11 
ESI Network 12 
Groundwater Vistas Version 6 Advanced + Remote 13 
Groundwater Vistas Version 6 SAMG Solver 14 
  
Groundwater Vistas Version 6 Professional + Remote 16 
Groundwater Vistas Version 6 SAMG Solver + Remote 17 
AquiferWin32 Version 5 18 
GW3D Version 3 19 
Groundwater Vistas Version 7 Premium 20 
Groundwater Vistas Version 7 Professional 21 
Groundwater Vistas Version 7 Advanced 22 
Groundwater Vistas Version 7 Standard 23 
Groundwater Vistas Version 6+ Professional 24 
Groundwater Vistas Version 6+ Professional/Remote 25 
Groundwater Vistas Version 6+ Premium 26 
ESI Network+ 27 
Groundwater Vistas Version 6 Premium + Remote 28 
 

HASP Key Trouble Shooting 
A properly functioning HASP key should glow red when plugged into a usb port on your computer.  If the 
light is off or flashing that means there may be a physical problem with the key.  In this case, it is best to 
send it back to us for a replacement.  If the light is glowing a steady red color then see the next set of 
potential problems below. 

If you are having problems getting the HASP key to license Groundwater Vistas, the most likely solution is 
to manually install the latest drivers.  Go to our web site (www.groundwatermodels.com), click 
Clients/Downloads, log in, and expand the file list.  Look under the Utilities section for the latest HASP 
key drivers.  Download a zip file, extract the contents to a directory on your computer, and run the program 
called HaspUserSetup.exe.  After installing these new drivers, it is best to reboot your computer.  Then 
check to see if the license is working.  You can check this by running Groundwater Vistas, selecting 
Help|About and clicking the register button.  If the authorization level says “Student Version” then the hasp 
key is not being recognized. 

Expired security codes can also cause problems.  Check that there is no security code listed in the 
registration window.  We often provide a temporary security code while the hasp key is being shipped.  
This code usually only lasts 30 days and then times out.  If a code times out, sometimes that interferes with 
the hasp key.  To remove this temporary code, right-click the gwv.exe program file in File Explorer, choose 

http://www.groundwatermodels.com/


Groundwater Vistas Version 7 Page 13 

“run as administrator”, select Help|About and click register.  Delete the security code from the top of the 
dialog and exit Groundwater Vistas. 

The third most common cause of problems with HASP keys is using them via remote desktop.  Our 
workstation hasp keys do not function through remote desktop.  If you require this type of access, you 
will need to purchase a network license. 

 

How to Use The Manuals 
Groundwater Vistas comes with many electronic manuals.  The electronic manuals are contained in the 
directory gwv7\documentation.  Electronic manuals are provided for each of the models supported by GV 
with the exception of MODFLOW-SURFACT.  Electronic manuals specifically for Groundwater Vistas 
include the following: 

User’s Guide.  The primary Groundwater Vistas manual is called gv6manual.pdf.  This manual contains 
basic information on how to use Groundwater Vistas.   

Command Reference. The Groundwater Vistas Command Reference (gv6command_reference.pdf) has 
detailed descriptions of all commands and menu selections in Groundwater Vistas.  If you have a question 
regarding a menu selection, look there first before contacting us.  Your question will likely be answered in 
that manual.  This manual also served as the basis for the help system. 

Tutorial Guide.  All tutorials for Groundwater Vistas are now in this separate manual.  Many new tutorials 
have been added from the ESI Seminars and Webinars. 

Trouble-Shooting Guide.  The Groundwater Visas Trouble-Shooting Guide describes the solutions to 
common problems. 

If you are new to Groundwater Vistas, you should start by reading the chapter in the main manual entitled 
“Concepts” to learn about the primary assumptions that GV uses in constructing models.  After you have 
read through this chapter and running through pertinent tutorials, you are ready to start constructing your 
own models or importing your existing models into GV. 

As you start designing your models, you may consult the following chapters: 

- Designing Models 

- Running Simulations 

- Analyzing Results 

- Model Calibration 

These chapters were designed to parallel the modeling process.  You start by designing the model grid, 
assigning boundary conditions, and specifying aquifer properties.  These aspects are all part of “Designing 
Models”.   

Once your model is constructed, you will begin to run simulations.  “Running Simulations” involves 
selecting the proper model, setting options related to each specific model, and executing the model code 
from within Groundwater Vistas.   

Following each simulation, you will want to display the results of the simulation.  GV provides you with a 
wide variety of maps, graphs, and analysis techniques that aid in “Analyzing Results”.   

The last and most time-consuming phase of modeling is “Model Calibration”.  Calibration is the process of 
matching the simulated heads, concentrations, and fluxes to those measured in the field.  GV has been 
specifically designed to assist you in calibrating your model by quickly computing calibration statistics, 
automatically running sensitivity analyses, and creating data sets for the PEST calibration software. 
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Technical Support & Updates 
Technical support in version 7 remains free of charge and we do not charge annual maintenance.  However, 
we do reserve the right to charge for excessive technical support requests.  We are calling this Extended 
Technical Support and are charging $600 at the time this manual was written (check our web site 
www.groundwatermodels.com in the online store for the latest pricing).  The following are situations where 
we may request that you purchase extended technical support: 

• Significant number of email requests for support in a short period of time (cost is for 1 year of 
extended support). 

• Assistance importing existing MODFLOW models, especially those created by the USGS.  With 
models becoming so large and complex, this type of support is taking a lot of our time.  Cost for 
this type of support is per model imported. 

• Models exceeding 2 million nodes and/or run times exceeding 30 minutes. 

Our technical support covers the latest 2 versions of Groundwater Vistas (now Versions 6 and 7).  We can 
support older versions if you pay extended tech support fees.  Support for Version 6 includes answering 
questions; however, we will not be fixing bugs in version 6 now that version 7 is the latest version.   

If you have a question or problem, feel free to contact us by email (support@groundwatermodels.com), 
BUT…   

First, look in the manuals!  Before calling or sending email, though, we suggest you look in the 
following: 

If you have a general question, look in the main manual, which is arranged by topic.  You should also 
consult the tutorials that explain many of the features in GV. 

If you have a question about a particular menu item or dialog, look in the electronic Groundwater Vistas 
Command Reference.  This is an Adobe Acrobat file in the gwv7\documentation directory. 

If you are experiencing an error, something you think is a bug, or GV does not appear to be functioning 
properly, check out the Groundwater Vistas Trouble-Shooting Guide, which is also an electronic manual. 

Send your Vistas file!  If you cannot find the answer in one of these three manuals and your question is 
related to a model you are working on, we suggest sending us your Groundwater Vistas file (*.gwv) and 
your starting head file (if you are using one).  Please zip them to make them as small as possible (unless 
they are already very small). If the zip file is still too large to send by email, you can upload it to our web 
site at www.groundwatermodels.com – click Clients/Downloads, and look for the file upload area.  When 
contacting us, please be sure to tell us the following information: 

- Groundwater Vistas version number (select Help/About and give us the exact version number) 

- A discussion of the issue, including how we can reproduce the problem. 

In many cases, it is difficult to tell what is happening without seeing your model.  You will get faster help if 
you automatically include your gwv file.  Again, though, please be considerate and zip it up to save on 
transmission time and disk space on our server. 

Keep Up to Date!  We have a very active development schedule for Groundwater Vistas, just like in 
previous versions.  The easiest way to stay current is to download updates from Internet.  The updates are 
accessed from our web site (www.groundwatermodels.com).  You must have an account on our web page 
in order to download files.  Setting up an account is easy.  Go to www.groundwatermodels.com and click 
on the Clients/Downloads button.  Then set up a new account if you have not been here before.  Once you 
are logged in, you can download files.  You can also upload files to this area if they are too large for email.  
Please use some sort of compression program (e.g. Winzip) to make large files smaller and to put several 
files in one place. 

We highly recommend that if you are actively involved with using Groundwater Vistas on a modeling 
project that you download updates on a weekly basis so that you do not miss important new features and 
bug fixes. 

http://www.groundwatermodels.com/
mailto:support@groundwatermodels.com
http://www.groundwatermodels.com/
http://www.groundwatermodels.com)/
http://www.groundwatermodels.com/
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Concepts 

Introduction 
The application of a numerical model to the solution of a ground-water problem is a creative process.  
There are many different techniques that can be applied to solve the same problem and each modeler has 
developed preferred ways of approaching a model design.  GV facilitates the use of complex three-
dimensional ground-water models through a flexible user interface that allows the modeler to create a 
model in a variety of ways.  However, no software package can be totally flexible and GV is no exception.  
There are several important concepts and assumptions built into GV that will affect the way you construct a 
ground-water model.  The following chapter discusses these major concepts and, as such, it is one of the 
most important parts of the GV documentation. 

GV Files 
There are two important files which GV uses to define each problem.  These include a GV input file 
(hereafter called a grid file) and a digitized map file.  The grid file is the actual input file for GV.  This file 
maintains all finite-difference data in a model-independent format.  Groundwater Vistas files use the file 
extension ".gwv".  The GWV file is a binary format which cannot be edited outside of Groundwater Vistas. 

The digitized map file is used as an overlay for the finite-difference grid during design work.  The map file 
is optional, however, it is extremely useful on site-specific problems.  The map file extension is ".map".  
For more information on creating map files, see the chapter entitled “Digitized Maps”. 

GV also creates several other files that may be of use during model design, including the following: 

 
A graphics export file can be created to depict the finite-difference grid, property zones, boundary 
conditions, etc.  The export file formats include Drawing Interchange Format (DXF) for CAD programs 
(such as AutoCAD),  SURFER grid and blanking (BLN) files, Shapefiles for GIS, EVS field and UCD 
format files, EarthVision files, and delimited text files of model computed values. 
 
Model data sets are collections of files that are used by specific models, such as MODFLOW, to run your 
simulation.  All of the models currently supported by GV require numerous input files, which GV creates, 
and produce several output files which GV interprets or plots.  
 
An error file is generated by GV each time new model data sets are created.  The error file contains a listing 
of all warnings and errors identified by the translator.  This file is a text file that can be imported into an 
editor or word processor or can be listed to any printer.  Error file names are created using the name of the 
model with a ".err" extension.  For example, the error file created for MODFLOW files is called 
"modflow.err". 

The Finite-Difference Grid 
GV allows modelers to interactively design generic finite-difference ground-water flow and contaminant 
transport models.  The model design is generic because it can be used to create data sets for a variety of 
specific model codes, such as MODFLOW, MT3D, and MODPATH.  While each of these specific models 
has its own data input format, they all have key features in common.  The most important features in 
common are the physical layout of the grid or mesh, the specification of boundary conditions, and the 
definition of hydraulic properties. 

A finite-difference model is constructed by dividing the model domain into square or rectangular regions 
called blocks or cells.  Head, drawdown, and concentration are computed at discrete points within the 



Groundwater Vistas Version 7 Page 17 

model called nodes.  The network of cells and nodes is called the grid or mesh.  These terms are used 
throughout the GV documentation. 

There are two main types of finite-difference techniques, known as block-centered and mesh-centered.  The 
name of the technique refers to the relationship of the node to the grid lines.  Head is computed at the 
center of the rectangular cell in the block-centered approach.  Conversely, head is computed at the 
intersection of grid lines (the mesh) in the mesh-centered technique.  The figure below illustrates this 
concept graphically. 

 

 

You should note in this figure that the dependent variable (head or concentration) is computed at the center 
of cells in the block-centered technique but may be offset from the center in the mesh-centered approach.  
In each technique, the head and all physical properties are assumed to be constant throughout the cell 
region surrounding the node.  In either case, the model grid is designed in GV by manipulating the grid 
lines and not the rectangular cells.  However, all models currently supported by GV are block-centered. 

The finite-difference grid is designed by manipulating rows, columns, and layers of cells.  A series of cells 
oriented parallel to the x-direction is called a row.  A series of cells along the y-direction is called a 
column.  A horizontal two-dimensional network of cells is called a layer.  This terminology is shown in the 
preceeding figure.  Cells are designated using the row and column coordinates, with the origin in the upper 
left corner of the mesh.  That is, the upper left cell is called (row 1, column 1).  The upper layer is layer 1 
and layers increase in number downward. 

The finite-difference grid is created in GV by first specifying the number of rows, columns, and layers.  
The user also provides the initial row and column widths or spacings.  GV then creates a mesh with 
uniform row and column widths.  This is called a regular mesh.  While the regular mesh represents the 
most accurate form of the finite-difference solution (Anderson and Woessner 1992), it is often necessary or 
desirable to refine the mesh in areas of interest.  In this manner, more accuracy is achieved in key areas at 
the expense of lower accuracy at the edges of the model grid. 
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GV provides the user with the ability of inserting, deleting, and moving rows, columns, and layers.  Rows 
and columns are manipulated using the horizontal and vertical grid lines, not the rectangular cells.  
Therefore, when you insert a row, you are actually inserting a new horizontal grid line which splits one row 
into two new rows.  Columns are manipulated in an analogous manner. 

GV also now supports different types of unstructured grids for the MODFLOW-USG model.  In the 
advanced, professional, and premium versions, these unstructured grid types include quadtree (actually 
quadpatch using USGS terminology) and nested grids.  In the design of these grid types, you start with a 
normal MODFLOW grid (called the parent grid) and then add the quadtree or nested areas on top of the 
parent grid.  In addition, the unstructured grids can have nodes pinch out so that model layers do not need 
to be continuous as they do for a normal structured mudflow model.  Nested grids can also have sublayers 
where the parent layers are subdivided into multiple thinner layers. 

In the quadtree mesh type, each parent cell is divided into smaller cells by a power of two.  Available 
subdivisions include 2, 4, 8, 16, 32, 64, and 128.  GV then smooths these refinements to that there is no 
more than a 2:1 connection between adjacent parent cells.  Currently, the quadtree refinements are the same 
in all layers and sublayering is not yet supported.  The following is an example of a quadtree mesh: 

 
In a nested grid, there is often more than a 2:1 connection between parent cells and the nest.  Nested areas 
are rectangular in shape, may contain more layers than the parent grid, may be restricted to a subset of 
parent layers, and there may be more than one nest active at one time in the model.  Nests in Groundwater 
Vistas must be separated by at least 2 rows and columns so they cannot overlap.  The following is an 
example of a nested grid: 
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Nests and quadtree meshes may be combined, as shown below, as long as all parent or quadtree cells that 
lie within the nest have the same degree of quadtree refinement.  That is, the quadtree mesh is designed first 
and then the nest is added later. 

Nests and quadtree grids contain their own boundary conditions and aquifer properties, at least for the most 
commonly used properties.  For some properties, such as dispersivity, chemical reactions, etc. that are often 
homogeneous, the nests and quadtree refinements inherit the properties of the parent grid cells containing 
them.  Nests can be turned on and off and quadtree refinements can be removed.  Thus, it is a simple matter 
to return to the original parent model at any time. 

If you have the professional or premium versions of Groundwater Vistas, there is a more advanced type of 
unstructured grid available.  In this new model type, any shape of grid cell can be used but the grid is 
generated outside of Groundwater Vistas.  You receive a license for another product called AlgoMesh that 
is used to create the mesh.  Groundwater Vistas then imports this mesh.  However, any outside grid 
generator can be used as long as it creates two types of files, the MODFLOW-USG discretization file 
(DISU), and the grid specification file (GSF).  With those two file types, any mesh can be imported into 
Vistas. 

AlgoMesh creates both triangular and voronoi mesh types.  Examples are shown below. 
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Model Units 
Groundwater Vistas does not do any unit conversions.  Therefore, you need to use consistent units for all 
data used in the model.  This is accomplished by selecting a unit of length (e.g. feet) and time (e.g. days).  
When choosing feet and days, hydraulic conductivity will be in ft/d, pumping rates will be in ft3/d, 
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conductances will be in ft2/d, length units will be in feet, your maps must be in feet, elevations would be in 
feet, etc. 

Concentrations are a special case; they can be in any units you choose as long as you always use that type 
of unit.  For example, if you specify your initial concentrations as mg/L, then you must also enter mg/L as 
the concentration assigned to boundaries.  The concentrations computed by MT3DMS will then also be in 
mg/L.  Another exception is Bulk Density and Distribution Coefficient (Kd) which can be in any set of 
units as long as they are both in the same units (e.g. mg/kg). 

The only other exceptions related to units are for GIS shapefiles.  There is an option under Edit/GIS 
Options where you can have the shapefiles be in meters and the model (Groundwater Vistas) in feet and 
vice versa.  You can have separate units for coordinates and for database attributes.  For example, the GIS 
for the Florida water management districts is in meters for coordinates but feet for attributes.  In that case, 
you would fill out this dialog as follows: 

 

Coordinate Systems 
Two different coordinate systems are used throughout the GV documentation.  These are the finite-
difference (model) coordinates and site (map) coordinates.  The finite-difference coordinates are shown 
on the status bar and are relative to the lower left corner of the finite-difference grid.  That is, the origin 
(0,0) is in the lower left corner of the grid.  This is opposite of the grid numbering convention, in which the 
origin (row #1, column #1) is located in the upper left corner of the grid. 

Site or map coordinates are used to define the digitized base map, as described in the next section.  Site 
coordinates are commonly used at most commercial facilities or may be state plane or UTM coordinate 
systems.  In any case, this coordinate system is used in defining such things as well locations, highway 
intersections, etc.  The site coordinate system may or may not be the same as the model grid coordinate 
system.  Usually, they are different.  The distinction between the two systems is shown in the next figure.  
When the offsets and rotation are all equal to zero, the site and grid coordinates are the same. 
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When digitized data, such as the base map or well coordinates, are used in the design of the model grid, 
they are first transformed (offset and rotated) to the new finite-difference grid coordinate system.  This 
transformation is done automatically by GV, but you must be aware of the differences in coordinate 
systems when preparing the model dataset and base map. 

The sign conventions for angles and offsets are important.  Negative angles indicate that the grid has been 
rotated in a clockwise direction relative to the base map coordinate system.  The angle shown in the figure 
above would be expressed as a negative angle.  The x- and y-offset values are the site coordinates which 
represent the origin of the model grid.  Thus, the offsets in the above figure would both be positive values. 

It is important to note that data imported into GV may be in either coordinate system.  You must tell GV 
which coordinate system will be used, however, when importing data from external files (e.g. SURFER 
grid files).  GV will make the coordinate transformation to finite-difference grid coordinates based upon the 
offset and rotation if the data are entered in site coordinates. 

Note: If you know the real-world coordinates of the lower left corner of the finite-difference grid for a new 
model, you should enter those values when starting the model.  When you select File/New, the following 
dialog is displayed.  Enter the coordinates and rotation (if any) in the area labeled World Coordinates of 
Model Origin. 
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If you have an existing model and you know the coordinates of the model origin, then select Grid/Enter 
Offset.  A dialog will be displayed showing you the real-world X and Y coordinates of the model origin.  
Enter your numbers here and click OK. 

If you do not know the exact coordinates of the model origin, then you need to also click Grid/Offset and 
then click the mouse where you want the lower left corner of the grid to go.  You can do this repeatedly 
until you get it lined up exactly where you want it. 

Digitized Maps 
GV plots digitized base maps over the finite-difference grid to give the modeler a frame of reference.  
These digitized maps serve no other function in the model design process.  Data cannot be imported 
directly from the map; the map is simply a graphical feature.  There is no set limit on the size of any map.   

GV imports CAD files in DXF format, GIS shapefile format, or SURFER blanking (BLN) file format.  
After importing one of these files, GV creates a new map in GV map format.  This newly created map file 
is then used in all future model design with GV.  This transformation is done because the GV map file 
format is often more compact and faster to manipulate. 

The digitized map contains coordinates of lines and text entities (the actual format of the map file is 
described in a later chapter).  The coordinates are called "site" coordinates in GV terminology.  "Grid" 
coordinates, on the other hand, refer to the finite-difference grid where the X-axis is parallel to the row 
direction, the Y-direction is parallel to columns, and the origin (0,0) is in the lower left corner of the grid.  
In many cases, the "site" coordinates will not be identical to the "grid" coordinate system.  In this case, the 
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finite-difference grid is said to be offset and/or rotated relative to the base map.  GV provides a way to 
interactively position the finite-difference grid on the map and to rotate the map if necessary.  

GV stores the digitized map in a temporary binary file on disk.  For this reason, there is no limit on the size 
of displayed maps. 

Boundary Conditions 
Boundary conditions fall into one of five categories:  specified head or Dirichlet, specified flux or 
Neumann, mixed or Cauchy boundary conditions, free surface boundary, and seepage face (Franke et al. 
1987).  GV supports the use of the first three types, specified head, specified flux, and mixed type boundary 
conditions.  Specified head boundary cells are called constant head cells.  Specified flux boundary cells 
are represented using no-flow (or inactive), wells,  or recharge.  The latter flux is actually defined as a 
parameter and is discussed under parameter zones in the next section.  Mixed-type boundary conditions are 
called rivers, drains, general-head boundaries, streams, or evapotranspiration.  The latter is treated 
like recharge as a property. 

The terminology used to describe boundary conditions is consistent with the MODFLOW usage 
(McDonald and Harbaugh 1988).  Most other models will support similar boundary types; however, 
different names may be used.  

Constant Head Boundaries 
Constant head boundary conditions are assigned a head and/or concentration that does not vary throughout 
the simulation.  GV allows you to specify whether a constant head cell refers to head, concentration, or 
both.  Although GV calls these boundaries “constant head”, the head and concentration can vary with time.  
At each time step, however, the head is not allowed to change from the specified value.  The MODFLOW 
Package that allows constant heads to have different values in each time step and stress period is called the 
time-varying constant head package or CHD. 

Constant Flux Boundaries 
Constant flux boundary conditions are called wells in GV.  You will specify a constant flux in a cell by 
entering the volumetric flow rate (e.g. ft3/d) that the model (e.g. MODFLOW) will extract or inject into that 
cell.  The sign of the flow rate (positive or negative) depends upon the model.  For example, MODFLOW 
assumes that negative flow rates indicate pumping and positive refers to injection.  Recharge is a form of 
constant flux boundary conditions; however, it is normally distributed over large areas of the model and is 
thus categorized as a property in GV. 

No-Flow boundary conditions, a form of constant flux boundaries, are applied to cells that are outside the 
computational domain of the model.  These are termed inactive cells in MODFLOW (IBOUND = 0).  Head 
and concentration are not computed in cells designated as no-flow. 

Head-dependent Flux Boundaries 
GV supports the use of four types of mixed-type or head-dependent flux boundary conditions, including 
drain, river, general-head, and stream.  Evapotranspiration is another form of head-dependent flux 
boundary condition, but it treated like recharge as a property.  In all four head-dependent boundary types, 
you specify a boundary head and a conductance term at a minimum.  In most models, the flux of water into 
or out of the cell is then computed as follows: 

  Q = C(Hb - Hm) 

where:  Q  = flux into or out of boundary cell (L3/T), 

  Hb  = boundary head (L), 

  Hm  = head computed by model (L), and 
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  C = boundary conductance (L2/T). 

The conductance term is a coefficient that is usually computed using an equation similar to the following: 

  C = Kb A / B 

where:  Kb = hydraulic conductivity of the boundary material (L/T), 

  A = area of the boundary (L2), and 

  B = thickness or width of boundary (L). 

For example, the conductance term for the MODFLOW river boundary type is computed using the 
hydraulic conductivity of the river bed material, the area of the river bottom within the finite-difference 
cell, and the thickness of the river bottom (McDonald and Harbaugh 1988).  

The generic form of the head-dependent flux boundary condition (general-head boundary in GV and 
MODFLOW) computes the flux of water into or out of the model and assigns that flux to the cell.  The 
other types of head-dependent boundary conditions (drains, rivers, and streams) modify this flux term 
depending upon the relationship of boundary head to model-computed head in the cell.  The drain boundary 
condition will only allow water to be removed from the system; if the head computed by the model is less 
than the head in the boundary (drain), the boundary condition is turned off.  The river boundary condition 
also limits the amount of water injected into the aquifer if the aquifer head drops below the bottom of the 
river (McDonald and Harbaugh 1988).  The stream boundary is a special case of the river boundary in 
which the amount of water injected into the aquifer is further limited by the available water flow in the 
stream (Prudic 1989). 

Grid-Independent Boundaries 
Grid-independent boundary conditions are those defined by spatial coordinates (X and Y) rather than grid 
cell (row and column) coordinates.  These boundary conditions are assigned to model nodes (row, column, 
layer) when model data sets are created.  The advantage to these types of boundary conditions is that they 
do not change when you insert or delete row and column grid lines.   

Grid-independent boundaries are added to the model using the AE (Analytic Element) menu and are 
referred to as “Analytic Elements” in many of the GV menus.  This term was adopted to be consistent with 
other ESI software such as WinFlow.  The analytic elements that are supported by GV include (1) wells, 
(2) line boundaries, (3) circular boundaries, (4) polyline boundaries, and (5) polygon boundaries.   

Wells are always defined as constant flux boundary conditions or may be defined as “Fracture Wells” for 
use in MODFLOW-SURFACT, Multi-Node wells for MODFLOW2005/NWT, and CLN wells for 
MODFLOW-USG.  Line and circle boundaries may be constant head, constant flux, or any of the head-
dependent boundaries except for streams. 

Use of Boundary Conditions 
It is desirable to include only natural hydrologic boundaries as boundary conditions in the model. Most 
numerical models, however, employ a grid that must end somewhere.  Thus, it is often unavoidable to 
specify artificial boundaries at the edges of the model.  When these grid boundaries are sufficiently remote 
from the area of interest, the artificial conditions on the grid boundary do not significantly impact the 
predictive capabilities of the model.  However, the impact of artificial boundaries should always be tested 
and thoroughly documented in the model report.  The model grid should be expanded to include more 
farfield conditions until the effect of these boundaries on the domain of interest is insignificant.  This 
manual is not intended as a tutorial on the proper use of boundary conditions.  If you are interested in more 
information on boundary conditions, Anderson and Woessner (1992), Franke et al (1987), and Franke and 
Reilly (1987) provide excellent explanations of boundary condition usage. 
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Transient Modeling 
Many ground-water flow models neglect the change in head over time and are called steady-state models.  
Models which simulate the changes in head with time are called transient models.  In many cases, transient 
models are created by varying boundary conditions over time.  For example, a pumping well may only 
pump during a few months of the year or the rate may change seasonally.  In this case, the well pumping 
rate varies with time. 

Each boundary condition in GV has an associated starting and ending stress period number.  A stress period 
represents a period of time during which all boundary conditions are constant.  The “stress period” 
terminology is adopted from MODFLOW, which breaks up a transient simulation into stress periods and 
time steps.  One or more time steps are computed for each stress period.  Boundary conditions change value 
at the beginning of each new stress period.   

When you are designing a transient model, you must first decide how many stress periods will be 
simulated.  As you add boundary conditions, you must then decide how that boundary condition will vary 
with time.  Those boundary conditions that are constant through time may be designated “steady-state” 
boundaries.  For example, if a well is pumping at a constant rate throughout the entire simulation, you may 
simply call it a “steady-state” well.  Boundaries that change with time must be provided with transient data.  
These data elements include the starting and ending stress period number (an integer number) and the 
boundary head or pumping rate.   

There are several steps in converting a steady-state model to a transient one.  First, select 
Model/MODFLOW/Package Options.  The first tab you see is for the Basic Package.  Uncheck the Steady-
State checkbox and then enter the number of stress periods next to it.  In the example below, we will use 5 
stress periods. 

 
Once you change from steady-state to transient and increase the number of stress periods, GV will ask you 
if you want to copy recharge and ET data to the new stress periods.  After that you will be asked to change 
the stress period setup.  You enter the length of each stress period (in model units of time – e.g. days), the 
number of time steps, and the time step multiplier.  The number of time steps is up to you but the more you 
enter, the more accurate the solution.  The time step multiplier should normally be greater than 1 (see the 
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MODFLOW manual for an explanation of the time step multiplier).  A time step multiplier of 1.0 means 
that each time step within the stress period will have the same length. 

 
When using MODFLOW2000, MODFLOW2005, and MODFLOW-SURFACT Version 3, you have the 
option of making any stress period either steady-state or transient.  This can be very useful for model 
calibration because you can have the steady-state and transient calibrations in the same simulation.  If you 
are using these versions of MODFLOW, you MUST select Model/MODFLOW2000/Stress Period 
Types/Edit Stress Period types and select whether each stress period is transient (1) or steady-state (0). 

 
Once you have the basic information on stress periods defined, you need to consider which boundary 
conditions will vary with time.  To make a boundary condition vary with time, you uncheck the flag that 
says “Steady-state boundary” on the boundary condition’s dialog.  Then click the “Transient Data” button.  
You enter the transient data for a boundary condition in a spreadsheet similar to the one shown below for a 
well.  The first two columns of the spreadsheet are the starting and ending stress period numbers.  Note that 
these are integer stress period numbers and not time values.  In the example below, the pumping rate is -
1000 ft3/d for the first stress period and -500 ft3/d for the second stress period. 
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For more information on this topic, see the chapter entitled Designing Models. 

Zones, Matrices, and Aquifer Properties 
"Zoning" is one of the fundamental concepts employed by GV in assigning aquifer properties and some 
boundary conditions to model grid cells.  All ground-water flow and contaminant transport models require 
the modeler to assign values of hydraulic properties (hydraulic conductivity and storage, for example) to 
each cell in the model.  This requirement implies that each cell may have a distinct or unique value for each 
parameter.  Unfortunately, our knowledge (lack of knowledge, really) of subsurface conditions seldom 
allows us to assign properties with any degree of certainty.  For this reason, most models are constructed 
using a limited number of material properties.  Each of these material types is called a zone and each zone 
is identified by an integer number in GV. 

In previous versions of GV, you were required to define each parameter in terms of zones.  Each parameter 
may have its own zone pattern and zone values.  The figure below illustrates an example of a finite-
difference grid with hydraulic conductivity zones identified.  This is similar to how zones appear in GV.  
The number of property zones is theoretically limited only by the amount of memory in your computer.  As 
a practical matter, however, the number of zones is usually less than 100. 
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In Groundwater Vistas Version 4 and higher, you may now decide which parameters are defined by zones, 
as described above, and which are defined as matrices.  In a matrix, you simply enter a parameter value for 
each cell.  There is no zone number to keep track of.  Use of matrices is best for highly heterogeneous 
parameters such as layer elevations.  For parameters that will have only a few discrete values throughout 
the model, it is better and more memory efficient to use zones. 

GV defines several different properties that can be defined in zones or matrices.  Many of these 
parameters are hydraulic or transport properties, including the following: 
hydraulic conductivity (x-, y-, and z-directions), 
unsaturated zone parameters, 
storage coefficient (storage, specific yield, and porosity), 
vertical leakance coefficient (VCONT in MODFLOW terminology), 
layer bottom elevation, 
layer top elevation,  
dispersivity (longitudinal, transverse, vertical), 
chemical reactions (Kd or distribution coefficient, aquifer bulk density, and contaminant half-life), 

and  
diffusion/soil decay (diffusion, half-life of contaminant on soil, exponent for nonlinear rate reaction). 

Other types of parameters include boundary conditions and initial conditions, as follows: 
recharge (rate, concentration, and ponding elevation), 
evapotranspiration (rate and extinction depth),  
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initial heads, and 
initial concentrations. 

Notes on Using Zones 
There are several key points to keep in mind when using GV to define these parameters using zones, as 
described below: 
 
(1) Each cell in the model is initially assigned a zone value of 1 for each parameter type.  This 

implies that the model is homogeneous in each of the parameters.  To create a parameter 
distribution containing heterogeneities, you must change the zone numbers for some of the cells 
and then assign property values to each zone number.  For example, hydraulic conductivity zone 
#1 may represent a value of 10 ft/d while zone #2 represents 100 ft/d. 

(2) Each parameter type has its own distribution of zones.  For example, the model cell at (row 1, 
column 1, layer 1) may have a hydraulic conductivity zone number 1, a leakance zone value 
defined by zone 2, and a recharge zone 4. 

(3) You will enter zone values into a table called the database.  Each zone number is assigned a 
value.  For example, hydraulic conductivity zone 1 may be assigned 10 ft/d and zone 2 100 ft/d.  
The zone numbers do not refer in any way to layers!  Many first-time users of GV mistakenly 
assume that the zone numbers refer to layer numbers; that is, zone 1 is assigned to layer 1 and 
zone 2 to layer 2, etc.  You may choose to assign zone numbers in this manner, but it not 
required nor is this situation the default case. 

Notes on Using Matrices 
You may define any property on the Props menu as a matrix.  This is done by selecting Props/Options.  
By default layer top and bottom elevations and initial heads are defined using matrices, as shown below: 
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Any of the other properties except for Diffusion and Chemical Reactions may similarly be defined as a 
matrix.  When you define a property as a matrix, you no longer have to keep track of a zone database.  You 
simply enter a value for each cell.  There are some tools available to facilitate entering data for each cell.  
The most powerful is the property spreadsheet.  You use the spreadsheet by selecting Props/Property 
Values/Matrix Editor (Ctrl+Shift+E). 
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You may scroll through the matrix and change values or use the commands listed on buttons to change a 
window of values, search & replace, and perform mathematical operations.  You may also copy and paste 
the matrix between GV and a commercial spreadsheet like Excel. 

General Notes on Model Parameters 
GV requires that you specify hydraulic conductivity for each cell rather than transmissivity.  You must also 
specify the bottom elevation for each cell.  Top elevations are optional, except for layer 1.  The top 
elevation must be set in layer 1 so that the cross-sectional view may be drawn properly.  In all other layers, 
the bottom of one layer is assumed to be the top of the underlying layer. 

Many ground-water flow models require only transmissivity for confined layers and do not require you to 
enter the thickness or elevations of layer tops and bottoms.  However, if you intend to use the model for 
particle-tracking analyses (using MODPATH or PATH3D, for example) or for contaminant transport 
modeling (using MT3D), you will need to define the elevations of layers.  In addition, GV needs the layer 
elevations to draw the cross-sectional view.  Therefore,  GV requires you to always set up the model using 
layer bottom elevations and hydraulic conductivity (rather than transmissivity).  In this way, you will 
always be ready to perform particle-tracking and transport analyses if the need arises. 

Another good practice is to define the vertical hydraulic conductivity for each model cell rather than the 
leakance coefficient.  This should be done for a couple of reasons.  First, MODFLOW88/96 is one of the 
only ground-water flow models that requires the user to compute a vertical leakance or VCONT 
coefficient.  Most other flow models, including MODFLOW2005 with the LPF Package, require vertical 
permeability as input and vertical conductances are computed by the code.  Second, GV will accurately 
compute the leakance term for MODFLOW88/96 using layer elevations and vertical hydraulic 
conductivity.  Therefore, there is no need to perform this computation yourself. 
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Surface Data Type 
The Surface Data type was added so that GV can support the HUF Package (Hydrogeologic Unit Flow) for 
MODFLOW2000 and MODFLOW2005.  In the HUF Package, data on layer elevations and aquifer 
properties are entered on a layer system that is separate from the model layers.  When the model runs, 
MODFLOW2000 then determines the transmissivity of the model layers depending on which 
hydrogeologic-unit layers are intersected.   

 
To create a new item of Surface Data, click the “Create New Surface” button and enter a name for the data 
and a default value.  Data are stored on a row-column basis for a single matrix (e.g. one layer of 
information). 

 
Once you have surfaces created, you can edit them using the information at the bottom of the dialog.  You 
can copy data from other sources (e.g. model results or aquifer properties), copy data to another source, and 
use basic mathematical operations (add, subtract, multiply, divide).  Click the “Execute” button to perform 
the edit operation. 

The trick with using HUF is how to get the HUF data into the GUI since GV really only tracks actual 
model layers. It can be a bit tedious defining those surfaces or arrays. In order to make it easier to use HUF, 
we added a new export/import. The idea is that you create two GV models. One has the definition of all 
HUF layers (you don't need boundary conditions or other stuff) and the other has the number of model 
layers you actually want to use when running MODFLOW. Each must have the same number of rows and 
columns. You define the HUF model first and then use Props/Export/HUF Data Arrays. This exports all the 
necessary information for the HUF layers (hydraulic properties, layer top elevation, layer thickness).  Then 
go into the final model and use Model/MODFLOW2000/HUF Data Import. 

Calibration Targets 
GV allows you to specify calibration targets within the model.  A calibration target is a field-measured 
value that you will attempt to match with model-computed values.  Matching the model results to field 
measurements is called calibration.  GV supports four types of calibration targets, including head, 
drawdown, concentration, flux, subsidence, and flow direction.  Head targets are usually ground-water 
levels measured in monitoring wells or piezometers.  Drawdowns may be more convenient when trying to 
match the results of a pumping test.  Concentration targets are usually contaminant concentrations 
measured in water samples collected from monitoring wells.  Flux targets are often base flow 
measurements in surface streams. 
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Calibration targets are provided in GV because inverse, or automatic-calibration, codes are becoming more 
readily available.  For example, the PEST calibration software (supported by GV) uses calibration targets to 
compute statistics that guide the selection of aquifer property values.  In addition, GV computes these 
statistics for you and displays a variety of plots that will assist you in calibrating your model.  For a good 
discussion of calibration targets, see Anderson and Woessner (1992). 

Hydrostratigraphic Units (HSU) 
The concept of a hydrostratigraphic unit or HSU provides a way of grouping property zones into a single 
unit.  Within an HSU, the property may vary but the unit is treated as one aquifer for the purposes of 
inverse modeling (automated calibration using Groundwater Vistas, UCODE, and MODFLOW2000), 
sensitivity analysis, and displaying depth-averaged contours of head, drawdown, and concentration. 

A new property has been added to the Props menu in Groundwater Vistas called HydroStratigraphy.  
Hydrostratigraphy (HSU) zones do not have a property value assigned; only the zone number has any 
significance.  The zone number assigned to HSU in GV is used to group cells into an aquifer unit that may 
have varying hydraulic conductivitiy (or other properties) within it.  The HSU zone number may then be 
used during calibration or sensitivity analysis to evaluate the aquifer as a unit.  When using HSUs, some of 
the editing and display features in Groundwater Vistas change as outlined below. 

Editing Other Properties in HSU Mode 
HSU options are determined by selecting Props|HSU Options on the main menu.  The following dialog is 
displayed: 

 
When the first option is checked, GV edits other aquifer properties (hydraulic conductivity, storage, etc.) in 
a different manner than before.  First, only cells that lie within the current HSU number (see bottom of 
dialog above) will be modified during property editing.  When you change a zone number for a cell within 
the current HSU, GV will change the zone number assigned to all layers containing the current HSU at the 
row/column locations you are modifying.  Note that you may have different zone numbers in different 
layers within the same HSU but to do this you will need to turn off the first option on this dialog. 

Displaying Zones 
When the first HSU option on the dialog is checked, property zones are displayed differently.  Only those 
cells within the current HSU are shown.  All other cells are displayed using a common color defined by 
pressing the Color button on the dialog above.  Since HSU by definition is a depth-averaged unit, the 
outline of the current HSU is shown as the maximum extent in any layer.  If cells in the current layer are 
not part of the current HSU, they are shown in white. 

Autocalibration and Autosensitivity Analyses 
When the first option is checked above, the auto-sensitivity analysis portion of Groundwater Vistas 
functions differently than before.  The zone number assigned to properties in the autosensitivity analysis 
setup (Model|Autosensitivity Setup) now refers to the HSU zone number.  For example, if you want to 
evaluate the sensitivity of hydraulic conductivity zones that lie within HSU Number 2, you would set up 
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the autosensitivity run by selecting Kx with zone number set to 2.  You must also select Props|HSU 
Options and check the first option on this dialog.  Without this option checked you would be evaluating the 
sensitivity of Kx zone 2 only. 

Automated calibration with Groundwater Vistas (Model|GV Calibration) and with UCODE 
(Model|UCODE) also work like the automated sensitivity analysis.  When the first option on the HSU 
Options dialog is checked, GV and UCODE calibrate to all zones with an HSU.  The ratios between zones 
is maintained during calibration so that all zones within an HSU are increased or decreased in unison.  Note 
that this does not work with Pest. 

Depth-Averaged Contouring 
When the second option is checked on the HSU Options dialog, contours are shown only within the current 
HSU and the contours are depth-averaged.  For example, if the HSU covers 3 layers, the head contoured 
using this technique is the weighted average of heads for all 3 layers.  The weighting is performed based on 
the thickness of each layer. 

 

Telescopic Mesh Refinement (TMR) 
Telescopic Mesh Refinement or TMR (also called grid zooming) is the process of creating a more refined 
model within a subregion of a larger-scale model.  The TMR model is not linked to the larger model but, 
rather, is a separate model.  TMR is often performed when simulating contaminant transport within a small 
portion of a larger flow model.  This is done to obtain greater resolution of the contaminant plume and to 
use smaller values for dispersivity, which are limited by grid size in many transport models.   

TMR is a tedious process when performed manually.  ESI has implemented TMR in Groundwater Vistas to 
make this a simple two-step process.  You first export TMR data for an existing Groundwater Vistas 
model.  The second step is to start a new model and import the TMR data.  

The trick in TMR is assigning boundary conditions around the edge of the new submodel.  GV gives you 
the option of assigning either constant head, constant flux, or general head boundaries along the edge cells.  
You can mix these boundaries by face (i.e.,  the north face of the model can have a different boundary type 
from the south face, etc.)  Note, however, that you must use constant head cells in transient models.   

In preparation for performing the TMR export, you first design the larger-scale model and run 
MODFLOW.  After MODFLOW is done running, you need to import the results.  If you are assigning 
constant flux boundaries along any edge of the TMR model, make sure to import cell-by-cell flow data in 
addition to the heads. 

Performing the TMR export involves three steps.  First, select Grid|Export TMR and drag a window to 
cover the area of the submodel.  The second step is to fill in the options on the TMR dialog.  These options 
include the number of rows and columns in the new submodel, the minimum and maximum X and Y 
coordinates of the submodel (these are in the model grid coordinate system, not site coordinates), and the 
types of boundary conditions to assign along the edge of the submodel.  There is also an option labeled 
Snap to Grid, which overrides the minimum and maximum coordinates to automatically extend the TMR 
area to the nearest row and column boundaries in the original model.  The final option is labeled GHB 
Distance.  This is the distance away from the TMR area that GV will interpolate head for use in assigning 
GHB boundary conditions along the edge.  If you are not using GHB's along any edge, then this parameter 
is ignored.  Click OK when you are done. 
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The third step in the export process is to save the TMR data to a file.  A file save dialog appears where you 
will enter the file name.  Use the extension tmr on the file name. 

Now that you have saved the TMR data, you can start a new model and import this information to 
automatically configure the new model.  Select File|New from the main menu.  You will see a new button 
at the bottom of the initialization dialog labeled Import TMR.  Click this button and enter the file name you 
just exported above.  You may use the Browse button to find the file.  Click OK on the file name dialog and 
OK on the initial dialog.  Your new TMR model should now appear.  There will be a delay in drawing the 
TMR model for the first time if you are running Windows 95 or Windows NT Version 4.0.  This happens 
because GV uses a special way of drawing zone colors and needs to reset your property zones the first time 
the grid is drawn.  If your model contains complex property zones or is very large, this may take a couple 
of minutes.  Please be patient! 

Most of the options from your original model are preserved in the new TMR model, including the map file, 
layer types, and paths to models.  Some of the MODFLOW, MODPATH, and MT3D options are not 
transferred in this version, however, so you should recheck these options before creating data sets. 

You may need to clean up internal boundary conditions after the TMR process.  GV replicates internal 
boundaries in each cell of the new model that lie within the boundary cell of the old model.  Thus, where 
you had one river cell in your old model, you will now have several cells covering the same area as the 
original.  GV automatically cuts the conductance term for these replicated cells; however, you may want to 
delete some in the new model.  The exception to this behavior is well boundary cells.  GV assigns wells in 
the TMR model by finding which cell in the TMR model contains the center of the original cell.  Thus, you 
will not need to worry about deleting or modifying wells. 

Groundwater Vistas also performs TMR on transient models.  The edge boundary conditions, however, are 
limited to constant heads.  This was done because the CHD (time-varying specified head) Package in 
MODFLOW is the only package capable of varying the boundary head within a stress period.  Use of 
general heads or wells (constant flux) is not supported for transient TMRs because the head or flow rate 
would need to be fixed for the entire stress period even though the head within the model is changing with 
time.  If you are going to perform a transient TMR, you must save heads for the last time step of each stress 
period.  Otherwise, the process works the same as for steady-state TMR models. 

After creating a TMR model, you have 2 distinct models, the original regional model and the new local 
TMR model.  If you make a change to the regional model it is difficult to make the same change in the 
TMR model.  The Grid|Export|Update TMR function was designed to make this update of the TMR model 
easier to accomplish.   
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The update occurs in 3 steps.  In the first step, open the TMR model and choose Grid|Export|TMR Update.  
Change the option at the top of the dialog to “Current Model is Daughter (TMR) Model – Export Data to 
Parent”, as shown below.  In this first step, GV will export information about the properties and boundary 
conditions in the TMR (daughter) model.  Choose a file name under “File Exported from Daughter” and 
decide which items you want to update. 

In the second step, load the regional model into Groundwater Vistas and import results.  Choose 
Grid|Export|UpdateTMR.  Now change the first option to “Current Model is Parent (regional) Model – 
Create Update File”.  Browse to find the file you just created from the daughter model and provide a new 
file name under “File Created by Parent…”.  Click OK and GV will export the updated information for the 
daughter model. 

In the third and final step, go back to the TMR model and choose Grid|Export|Update TMR.  The operation 
type is now “Current Model is Daughter (TMR) Model – Import Data from Parent”.  Browse to find the file 
you just exported from the regional model. 

 
 

Import & Export File Formats 
Groundwater Vistas can import and export a variety of file formats.  The most commonly used formats 
include XYZ, matrix, and shapefile.  These file types are generic in nature and can be used by other 
software as well.  A shapefile, for example, is a common format for use in GIS.  GV can also import some 
customized formats for calibration targets and wells, which are discussed later in this manual under 
Designing Models. 

Except for shapefiles, most of the file types are text files that can be created and edited in a text editor.  The 
data within a text file must be separated by one or more spaces or a comma.  GV has some common rules 
for text file import formats (including the special ones described later in this manual), as summarized 
below: 

- Do not use quotes around names or numbers 

- Do not use spaces or some special characters (\, /, *, &) within names (for example well names) 

- For files containing columns of data, make sure each row in the file has the same numbers of columns of 
data. 

- You can have any number of header lines in the file that you can tell GV to skip.   



Groundwater Vistas Version 7 Page 38 

- GV does not recognize comments in text files   

- Two commas together represent a blank field that GV will assume is zero. 

- Multiple space characters between data are assumed to be one delimiter. 

- Horizontal coordinates can generally be either based on model coordinates (origin in the lower left corner 
of the model grid), or site coordinates (some real-world coordinate system).  Most imports give you the 
option of selecting the system to use. 

- Vertical coordinates (Z) are always in elevation using the same datum as the model. 

 

Matrix File Format 

A matrix file contains a sequence of numbers for all cells in a layer or all cells in the model.  If the matrix 
represents bottom elevations for a layer, for example, the matrix file contains only bottom elevations.  It 
does not contain X&Y coordinates.  GV knows where to place the data based on the order in the file.  The 
data starts in row 1 and continues to row N, reading each row of data in order.  Within each row, the data 
are read starting in column 1.  For a MODFLOW-USG model, data read in node order starting with node 1. 

Multiple data items can be contained on each line of the file or can have one data item on each line.  The 
most common format is to have all data for row 1 on the first line (after skipping optional header lines), 
followed by all columns of row 2 on the second line. 

The following example is for a model that has 6 columns and 4 rows.  The first number in the file () is row 
1, column 1.  Each line in the file represents a complete row in the model.  The last line in the file contains 
all columns of data for row 4. 

 
The following file is exactly the same but read one data value per line.  As far as GV is concerned, both 
files are identical.  Note that the order of the data is the same as in the file shown above. 
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XYZ File Format 

In an XYZ file, there are at least 3 columns of data.  One column is the X coordinate, one is Y, and one is 
the property value (“Z”).  The Z value could be hydraulic conductivity, storage, or it could actually be Z 
(elevation).  If you are using the XYZ file type for interpolating random data to the finitie-difference grid 
then you MUST use one file per layer.  If you do NOT want to interpolate but rather use the data as is, and 
assign it to the cell containing the X, Y, and elevation point, then you can use one file for all layers.  In this 
case, though, there are 4 mandatory columns (X, Y, Z, and property).  Here is an example file for importing 
bottom elevations into the model: 
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Shapefiles 

Shapefiles are a fundamental file type used in GIS (Geographic Information Systems).  There are three 
types of shapefiles: 1) points, 2) lines, and 3) polygons.  Shapefiles are actually collections of files.  GV 
uses 3 of them (*.shp, *.dbf, and *.shx).  Shapefiles include a database (*.dbf file) with attributes for each 
shape.  GV can read these attributes and assign them to boundary conditions, analytic elements, and 
properties.  The Chapter on Designing Models discusses the use of shapefiles in more detail. 

 

MODFLOW Versions 
The proliferation of MODFLOW versions is starting to cause a lot of confusion within the groundwater 
modeling community.  This is especially true for Groundwater Vistas because, unlike most other 
MODFLOW GUIs, we try to support all widely used versions.  The benefit to this approach is that you 
have incredible flexibility in designing your groundwater models.  The downside to this approach is that 
there are many different types of packages for MODFLOW and each MODFLOW version supports a 
unique subset of the available packages.  Therefore, choosing the right version of MODFLOW for a project 
is not as simple as it used to be. 

First let’s start by showing you which versions of MODFLOW you can use with Groundwater Vistas.  The 
following versions of MODFLOW come with Groundwater Vistas and have a nice Windows interface that 
allows GV to communicate with the model as it runs: 

 
• MODFLOWwin32 – MODFLOW88 from USGS 
• MODFLOW96win32 – MODFLOW96 from USGS in double precision 
• MODFLOW2000win32 – MODFLOW2000 from the USGS 
• MODFLOW2005win32 – MODFLOW2005 from the USGS 
• MODFLOW-NWTwin32 – MODFLOW-NWT from the USGS 
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• MODFLOW-USGwin32- MODFLOW-USG beta version from Sorab Panday 

The following versions of MODFLOW come with Groundwater Vistas and use either a command-line 
interface or some other customized interface: 

 
• SEAWAT – special version of MODFLOW & MT3D for seawater intrusion modeling 
• SEAWAT2000 – special version of MODFLOW2000 & MT3D for seawater intrusion modeling 
• MODOFC – version of MODFLOW96 developed by David Ahlfeld and Guy RieflerFor 

optimization 
• MGO – Chunmiao Zheng’s new optimization model, based on MODFLOW96 
• GWM – USGS optimization model based on MODFLOW2000 
• MODFLOW2007-CFP – special version of MODFLOW2005 with Conduit Flow Process 
 

 

The following versions of MODFLOW are supported by Groundwater Vistas but do not come with 
Groundwater Vistas.  These are commercial versions of MODFLOW that must be purchased separately: 

• MODFLOW-SURFACT Version 2.2 
• MODFLOW-SURFACT Version 3 
• MODFLOW-SURFACT Version 4 
 

You can see that with so many versions of MODFLOW, it can be difficult to know which one to use.  In 
general, you should start by using MODFLOW2005.  This version has been out for many years and 
contains numerous very useful features not found in the original version of MODFLOW.  If you find that 
MODFLOW2005 does not have the types of features you need, then consider switching to one of the other 
versions.  A separate document is provided in the GWV7\Documentation directory that lists all of the 
packages available for MODFLOW that GV supports and which versions of MODFLOW they can be used 
with.  This document is called modflow_packages_table.xls. 

In order to configure your MODFLOW simulation, you need to understand the logic behind the menu 
structure on the Model menu.  At the top of the Model menu, you will see submenus for MODFLOW, 
MODFLOW2000, MODFLOW2005, MODFLOW-SURFACT, and MODFLOW-USG.  MODFLOW 
options that are common to all versions of MODFLOW are contained on the MODFLOW menu.  Options 
that are unique to a particular version are then modified on that menu.  For example, options common to 
MODFLOW2000 are found on the MODFLOW2000 menu.  When using MODFLOW2000, you would 
enter some information on the MODFLOW menu and then go to the MODFLOW2000 menu for remaining 
MODFLOW2000-specific options.  Likewise, when using MODFLOW-SURFACT, you would start on the 
MODFLOW menu and then move to the MODFLOW-SURFACT menu for additional SURFACT-specific 
features. 

MODFLOW2005 is more complex because it is derived from MODFLOW and MODFLOW2000.  Thus 
when using MODFLOW2005, you will need to use the MODFLOW, MODFLOW2000, and 
MODFLOW2005 menus. 
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Designing Models 

Introduction 
The following chapter describes how to design the row, column, and layer configuration for a structured 
finite-difference model, assign boundary conditions to the model, and define aquifer properties.  Use of 
nested and quadtree grids will also be covered for MODFLOW-USG.  A separate chapter on using 
AlgoMesh and other mesh generators will be covered in another chapter. 

There are generally six steps to follow when using GV to design a model: (1) design the finite-difference 
grid network (i.e., the number and spacing of rows, columns, and layers), (2) specify the location and type 
of boundary conditions, (3) define appropriate aquifer property zones for each cell, and (4) translate the 
model design into a data set for a particular model such as MODFLOW, (5) run the model, and (6) analyze 
and plot the results.  These steps should generally be performed in the order presented above; however, 
there is often iteration in these steps as the model is constructed and calibrated.  This chapter describes the 
first three steps in the model design process: grid design, boundary conditions, and aquifer properties. 

General Steps to Apply GV 

Beginning A New Model Design 

Use the File|New menu selection to start a new model.  You may also use the toolbar  or press Ctrl-
N.  You select New even when you are importing a model from MODFLOW datasets.  In Version 7, there 
are now two model (document) types.  When you start a new model, you have the choice of these two, 
called GWVistas Document and GWVistas FE Document.  The first one (GWVistas Document) is the one 
you are used to from previous versions.  This type is for structured MODFLOW models or MODFLOW-
USG unstructured grids based around a structured parent grid.  The second one (GWVistas FE Document) 
is for a totally unstructured grid designed outside of Vistas using AlgoMesh or within Vistas based on a 
simple geometry.  The second type would also be necessary if you are importing a MODFLOW-USG 
model from GMS, Visual MODFLOW, or other source.  The second type of mesh will be described in 
another chapter.  You must have the Professional or Premium versions of Groundwater Vistas in order to 
choose the second type. 

 
 

After choosing the GWVistas Document type and clicking OK, a dialog is displayed (shown below) that 
includes all of the parameters to define a new model.  These include the number of rows, columns, and 
layers, the number of stress periods, row, column, and layer spacings, and default values for all properties.  
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Fill out the table as completely as possible.  You may always add or delete rows, columns, and layers later.  
You may also change the property values.  If possible, specify the world coordinates of the model origin 
(lower left corner).  If you know about where the model origin lies in world coordinates, it is better to 
specify them here.  This will make importing maps easier. 

 
For simple models that have uniform aquifer properties and a uniform grid spacing, filling out this table 
gets you most of the way to a complete model.  The only thing missing is the definition of boundary 
conditions, which determine where groundwater enters and exits the model.   

A common question is whether the initialization dialog can be displayed later during model design.  The 
answer is no.  You may change all of the parameters associated with this dialog but they are done 
individually in other menus and dialogs.  The initialization process just gets you started. 

Do not try to run a model without specifying boundary conditions because it will simply crash.  This 
happens because most models, including MODFLOW, assume that the lateral and vertical edges of the 
model are no-flow boundaries unless you define another type of boundary.  While this may seem obvious, 
beginning modelers often are confused by the notion of boundary conditions.  These are described later in 
this chapter. 

For a new model, simply fill in the initialization dialog and click the OK button.  You may also use this 
dialog to import an existing model from MODFLOW data files by clicking the MODFLOW button.  A 
dialog is displayed where you must enter the following information: 

- Import MODFLOW-SURFACT files 

- Import Wells as Analytic Elements (instead of BC wells) 

- GHB Conductance Based on Saturated Thickness  

- Model includes UK Environment Agency VKD package 

- Import the MODFLOW files using a name file 

- Dataset uses MODFLOW2000, MODFLOW2005, or MODFLOW-NWT formatting 

- Default vertical anisotropy ratio (used only when importing the BCF package) 
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- Path to MODFLOW files 

- Root file name for MODFLOW name file. 
 

 
You may click the Browse button to locate the MODFLOW Name file or the MODFLOW BASIC Package 
of the MODFLOW run you want to import.  GV will take the “Path to files” and “Root File Name” from 
the file that you choose.  The root name is not used if a name file has been selected, because all file names 
are given explicitly in the name file. 

When importing simulations from Visual MODFLOW or GMS, you should change the file type on the file 
open dialog to either Visual MODFLOW or GMS, as shown below.  For GMS, you will then find the *.mfn 
file, which is the name file used by GMS.  Visual MODFLOW, on the other hand, uses a file called 
*.modflow.in.  After selecting the GMS or Visual MODFLOW name file, GV will automatically reformat 
it so that GV can use it for the import. 
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Please note that you should only browse to find the BASIC Package if you are importing an old 
MODFLOW88 model or a MODFLOW-Surfact model that does not also have a name file.  For most 
models, you will locate the name file.  The name file must have the extension *.nam.  In addition, the file 
names contained within the name file must NOT be contained with double quotes (“).  When obtaining a 
MODFLOW dataset from another preprocessor, you will normally have to rename it with a *.nam 
extension and remove any quotes from within the file. 

If you are importing using the MODFLOW BASIC Package, GV uses the root file name and path you enter 
to find the other MODFLOW files.  All MODFLOW files must be in the directory path you enter.  The 
names of the files must have the same root name and a three-letter extension designating the MODFLOW 
package.  The following table lists the MODFLOW input files imported by GV and the extension you must 
use.  An example name is also given for a root file name of GV1: 

MODFLOW Package  Extension  Example 

Basic    bas   GV1.BAS 
Block-Centered Flow  bcf   GV1.BCF 
Well    wel   GV1.WEL 
River    riv   GV1.RIV 
Drain    drn   GV1.DRN 
General Head Boundary  ghb   GV1.GHB 
Stream Routing   str   GV1.STR 
Recharge   rch   GV1.RCH 
Evapotranspiration  evt   GV1.EVT 
Interbed Storage   ibs   GV1.IBS 
Horizontal Flow Barrier  hfb   GV1.HFB 
Time-Varying Constant Head chd   GV1.CHD 
Strongly Implicit Solver  sip   GV1.SIP 
SOR Solver   sor   GV1.SOR 
PCG2 Solver   pcg   GV1.PCG 

Note that GV does not import the output control file. 
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Importing a very large model into Groundwater Vistas used to take a long time in previous versions.  Now, 
Groundwater Vistas automatically imports all property arrays as matrices and does not use the zone 
database.  This greatly speeds the import process.   

Click OK when you are done.  GV will then attempt to open the BASIC package and read the number of 
rows, columns, layers, and stress periods.  These will be entered in the fields on the dialog.  If these 
numbers do not appear to be correct, click Cancel and make sure that the file you chose is a valid 
MODFLOW Basic package input file or name file.  Note that no other parameter values are read from the 
MODFLOW files and displayed on this dialog.  Only the number of rows, columns, and layers are 
displayed prior to clicking the OK button. 

When you click OK on the main dialog shown above, GV will read all appropriate MODFLOW files and 
display the grid.  Remember that GV requires you to enter layer bottom elevations and hydraulic 
conductivity values.  However, many older MODFLOW datasets containing the BCF Package use confined 
layers (LAYCON=0) in which layer bottom elevations are not entered and transmissivity is entered instead 
of K.  In this case, GV will create a layer that is one unit thick and will place the transmissivity value in the 
hydraulic conductivity database. 

Common Problems with MODFLOW Files 
Groundwater Vistas has one of the most sophisticated import routines for MODFLOW files of any 
MODFLOW preprocessor.  There are some things, however, that will cause the import to not work 
properly.  These include the following: 

1. GV assumes that the BASIC Package unit number is 1, unless you specify a name file.  Thus, the 
IBOUND array and starting head arrays (SHEAD) must be read from unit 1.  In some cases, especially 
models obtained from the USGS, the BASIC Package is read from unit 5.  Before importing such files, the 
unit number must be changed to 1.  For example, the following is a matrix header line from the BASIC 
Package and is used to read the IBOUND array.  (NOTE: header lines are easily recognized because of the 
format text enclosed in parentheses).  The first number on the header line is the unit number for that array.  
In this example, the number is a 5 but should be a 1 in order for GV to import the file correctly. 
         5         1(25I3)                      -1 
You simply need to change the first number on the line from a 5 to a 1.  The correct line is shown below. 
         1         1(25I3)                      -1 

2. A similar problem occurs in matrix header lines if the format used to read the array is too 
complex.  For example, the following header line from the BCF Package would be a problem. 
         1         1(3(10F12.3))                -1 
The following header does the same thing in MODFLOW but can be imported properly by GV. 
         1         1(10F12.3)                   -1 
The format in a header line (enclosed in parentheses) should be of the form #F#.# or #E#.# or #I#.#.  The 
first # is the number of data values per line.  The second # is the width of the number (number of letters in 
the number).  The last # is not used by GV but is the number of digits to the right of the decimal point.  GV 
can also use a format that looks like this: #X,#F#.#.  The #X means that there will be # spaces at the 
beginning of each line.  As in the example listed above, if you see #( before the format (   3(    above) or if 
you see the “/” character, you need to simplify the format.  If you are not sure how to do it, please just 
email the files to us and we will fix it for you. 

3. GV does not like quotes around things in the file like the format string shown above or file names 
containing external data.  For example, some models read matrices from external files and the header on the 
matrix, for example, in the LPF package might look like this: 

OPEN/CLOSE ‘lrgvT41._kx’   1.000000e+000  (FREE)  -1  Kx Layer 1 

The quotes are not necessary and cause problems in Vistas.  If you simply open each input file in a text 
editor and do a search & replace changing the quote to either nothing or a space, then Vistas will read the 
file correctly. 
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4. Some MODFLOW models that use external arrays like in #3 above use a / character to separate 
directories in a path name.  For Windows this character should be \ and Vistas requires that paths be in 
Windows format.  So using a similar example to #3 above, the following would cause problems: 

OPEN/CLOSE datafiles/lrgvT41._kx   1.000000e+000  (FREE)  -1  Kx Layer 1 

 

But changing the path to the following will be correctly read by Vistas 

OPEN/CLOSE datafiles\lrgvT41._kx   1.000000e+000  (FREE)  -1  Kx Layer 1 

 

Again, a search & replace to change the / character to \ in all input files will quickly resolve the issue. 

 

Checking the Imported Model 
With a complex model it is not possible to look at it and tell whether everything imported correctly.  The 
best way to check the import is to run the model and compare the results to the original run.  You can use 
the Plot|File Operations|Compare Two Files command to perform a detailed comparison of the results.  
You will need the binary head output from the original simulation to do this.  If the model was created in 
Visual MODFLOW or in GMS then the files are compatible with Groundwater Vistas.  If the model used 
the standard version of MODFLOW2000 or MODFLOW2005 from the USGS web site, the files are also 
compatible. 

When selecting the comparison function, you specify the head file from both the original and Groundwater 
Vistas run (bctest1.hdds and bctest2.hds  in the example below).  You then enter a file name for the 
differences.  The latter will also be in head-save format.  To make the comparison, click the View button.  
In the top of the comparison dialog, GV will display the maximum difference for each layer and time step.  
If these numbers are all small, then the model import was successful.  If there are large discrepancies, then 
you need to figure out what went wrong.  That is not always easy.  If you send us the input files from the 
original model we can check this for you. 
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Digitized Map Files 
After you start your new model or import an old one, you may want to display a base map with the model 
grid.  GV plots digitized base maps over the finite-difference grid to give the modeler a frame of reference.  
These digitized maps serve no other function in the model design process.  Data cannot be imported 
directly from the map; the map is simply a graphical feature.  There is no set limit on the size of a map.  
GV reads a base map and stores the data in a temporary file on your hard disk.  This is saves memory and 
allows you to use maps that are quite large.   

Digitized base maps may be in one of five formats, (1) GV format, (2) GIS shapefile format, (3) DXF 
format, (4) SURFER BLN (blanking file) format, and (5) Windows bitmap (bmp).  These map options are 
displayed on a dropdown menu after you select Map from the File menu. 

The DXF file is a generic format supported by most CAD software packages (such as AutoCAD).  The 
SURFER BLN format is used by the popular SURFER contouring software to draw base maps and to 
create blank regions in contour maps.  The BLN format is limited to only one color for all map entities and 
you will be presented with a dialog to choose the color assigned to the BLN map you import.  The Chapter 
entitled Digitized Maps provides details regarding the GV map format.  Shapefiles are geographic 
information system (GIS) files used by many GIS applications like ArcView.  Shapefiles can also be 
imported with attributes to set boundary conditions and properties.  In the context of this section, though, 
they are only used for displaying maps.   

The Windows bitmap format (bmp extension) is used to display a scanned image.  You may mix vector 
maps (DXF, BLN, shapefile, and GV maps) with bitmaps but only one bitmap may be displayed at one 
time.  GV will not rotate a bitmap.  When overlaying a bitmap, GV will prompt for the real-world 



Groundwater Vistas Version 7 Page 49 

coordinates of the lower left corner of the bitmap, the width of the bitmap in real-world units (e.g. feet), and 
the height of the bitmap.  If you have converted your bitmap from a GeoTIFF file that has a world file 
(*.tfw), simply rename that world file from *.tfw to *.bmw and GV will get the necessary scaling 
information from the world file. 

By default GV assumes that the coordinate systems for the map and model are identical.  That is, the origin 
(x=0.0 and y=0.0) of both map and model coincide with the lower left corner of the model grid.  GV will 
check, however, to see if the map and model are completely separated (e.g., they do not overlap) when you 
import the map.  If the map and model do not overlap and if the current X and Y offsets in GV are both 
zero, GV will automatically offset the model grid such that the origin of the model is moved to the 
minimum X and Y coordinates on the map.  This works well with shapefiles but not so well with DXF files 
because DXF file often contain descriptive information at odd locations within the drawing.  You may 
move the model grid further by selecting Grid|Offset as described after the discussion on DXF files. 

After choosing DXF from the Map menu, a standard Windows file selection dialog will then be displayed 
where you select the file to import.  For DXF files, a second file dialog appears because the DXF file is 
translated into a GV map file.  The second dialog prompts for the name of the GV map file to be created.  
Once you import a DXF file, you do not need it again because GV will subsequently use the GV map that 
is created. 
To quickly determine the distance 
between two points, select Add|Line 
Boundary.  Drag a line between two 
points and the subsequent dialog shows 
the distance.  Select Cancel to delete 
the line you just inserted. 

After specifying the GV map file name that will be created, GV displays a dialog for 
the DXF multiplication factor.  This is a scaling factor used to modify the 
coordinates in the DXF file.  The DXF file can contain coordinates in inches.  You 
would then enter a multiplication factor of 0.08333 to convert inches to feet.  It is 
difficult to know in advance what coordinates are in the DXF file, so some 
experimentation may be required.  After importing the DXF file, move the cursor 
around on the screen and check the coordinates of key points on the map.  Use these 
coordinates to determine distances.  If these distances are not correct, simply import 
the DXF map again and use a multiplier to change the scale of the DXF file. 

Another common problem with DXF files is that many drafters use “blocks” to define items on the map.  A 
block is a special entity used by AutoCAD (and other CAD systems, too) to group multiple entities (e.g., 
lines and circles) into one item.  GV does not properly interpret blocks.  If you see that GV has not 
imported all items on your DXF map, go back to the CAD software and perform a function called “explode 
all blocks”.  This breaks down the blocks into individual entities that can then be exported in the DXF file 
so that GV will recognize them.   

The other important concept when importing DXF files is to keep the maps simple.  You should only have 
important geographic features on the map, otherwise all of the detail on the map will obscure the model 
features.  In the Cad software, you can simply turn off a layer so it is not displayed.  However, these layers 
are still exported to the DXF file and GV will read them and try to display them.  Unwanted information in 
the drawing must be permanently deleted before exporting as a DXF file. 

Moving the Grid on the Map 
GV will now read the map file and try to display it on the screen.  Remember, the lower left corner of the 
finite difference grid is placed at the map origin (X=0, Y=0).  In some cases, the map origin may be located 
far from the area covered by the map.  This is especially true when using State Plane coordinates or UTM 
coordinates.  In this case, GV will automatically move the grid so that the grid origin (lower left corner) lies 
at the minimum X and Y coordinates on the map.  To move the finite-difference grid to another location on 
the map, use the following procedure: 

(1) Select View|Full|Grid to place the full grid on the screen.  The finite-difference grid will take up 
most of the screen.  You want want to zoom out (View|Zoom Out) to see more of the map. 

(2) Select Grid | Pick Offset. 

(3) Move the cursor to the point on the map where you want the lower left corner of the finite-
difference grid to be.  Click the left mouse button or press the Enter key. 
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(4) A dialog appears showing you the coordinates that you chose.  Click the OK button to accept these 
coordinates (or change the values if you like). 

The finite-difference grid will be drawn over the map using the new offset coordinates.  In step 2 above, if 
you know the exact coordinates for the model origin, you can select Grid|Enter Offset and simply enter 
the X and Y coordinates you want to use. 

You may also rotate the finite-difference grid.  The Grid|Rotate command actually rotates the map under 
the finite-difference grid.  The grid is always shown with rows and columns parallel to the edge of your 
screen.  Enter the rotation angle in degrees.  Negative angles indicate that the grid will be rotated in a 
clockwise direction relative to the map.  The angle of rotation you enter is added to the current angle of 
rotation.  For example, if the current angle of rotation is 25 degrees and you enter -5, the new angle of 
rotation will be 20 degrees. 

When you change the world coordinates of the model origin (called X and Y Offsets) or the rotation, GV 
will ask if you want to modify the analytic elements in the model (e.g. wells and targets).  Selecting Yes 
will move these features to new cell locations based on the change in model location.  Selecting No will 
keep the analytic elements at their current location relative to the model grid. 

The X and Y coordinates of the cursor are always displayed on the status bar at the bottom of the GV 
window.  By default, these coordinates are grid coordinates with the origin at the lower left corner of the 
grid.  You may change these coordinates to map coordinates by selecting Grid|Options.  You may also 
select View|Show Site Coordinates.  A check next to this menu item will display the site (map or real-
world) coordinates when moving the cursor. 

Designing The Finite-Difference Grid 

Concepts 
The finite-difference grid is created in GV by first specifying the number of rows, columns, and layers as 
described in a previous section.  GV creates a mesh with uniform row and column widths that you specify 
on the initialization dialog.  This is called a regular mesh.  While the regular mesh represents the most 
accurate form of the finite-difference solution (Anderson and Woessner 1992), it is often necessary or 
desirable to refine the mesh in areas of interest.  In this manner, more accuracy is achieved in key areas at 
the expense of less accuracy at the edges. 

Another way to add refinement when using MODFLOW-USG is to add quadtree or nested refinements.  If 
you plan to do this, then the parent grid should be as uniform as possible.  The next section will describe 
how to work with nested grids and quadtree refinements. 

GV provides you with the ability to insert, delete, and move rows, columns, and layers.  Rows and columns 
are manipulated using the horizontal and vertical grid lines, not the rectangular cells.  Inserting a new row 
splits the previous row into two new rows.  Columns are manipulated in an analogous manner. 

Inserting and deleting grid lines causes boundary conditions to be disrupted in the new mesh.  GV places 
the boundary condition in both new cells caused by inserting a row or column.  For head-dependent 
boundary conditions (e.g. river, drain, ghb, etc.), the conductance term is scaled to the new grid cell size.  
While this preserves the basic model design, some repairs are necessary after modifying the grid layout.  
For this reason, the spacing of rows and columns should be determined prior to specifying boundary 
conditions. 

Inserting rows and columns does not affect the grid-independent boundary types (wells, line boundaries, 
polyline boundaries, calibration targets, and titles).  These items are placed in the model using X and Y 
coordinates rather than row and column locations. 

There is no limit to the number of rows, columns, and layers you may add to the model except in the 
standard version, which is limited to 1 million nodes.  GV automatically adjusts the memory requirements 
of the model as you expand the grid.  You may reach a physical limit on model size due to the amount of 
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memory in your computer, however.  In the 32-bit version of Groundwater Vistas you are limited to 2 
gigabytes of memory.  In the 64-bit version, the only limit is the amount of memory in your computer. 

One thing to keep in mind when designing your model grid is that the change in grid spacing between 
adjacent rows or columns should not exceed 50%.  For example, if one row is 50 ft wide and the next row 
is 75 ft wide that is fine.  However, if the next row would be 100 ft wide, that violates this rule-of-thumb 
and Groundwater Vistas will write a warning in the error/warning file created when you write the model 
datasets.  Note that this is only a rule-of-thumb and does not necessarily mean there is anything wrong with 
your model.  As the difference in spacing between adjacent cells increases, though, the error in the finite-
difference approximation increases as well.  

Working with Rows and Columns 
The rows and columns refer to the horizontal and vertical grid lines in the model.  Layers are approximately 
horizontal networks of rows and columns.  Layers are numbered from top to bottom, with layer 1 being the 
uppermost layer.  Rows are numbered from the top of your screen to the bottom.  Row 1 is the top-most 
row.  Columns are numbered from left to right. 

The finite-difference grid is designed and edited using the Grid menu.  You must also be in Grid mode to 

make changes to the grid layout.  Select Edit|Grid or click on the   button on the toolbar.  When the 

 button is depressed on the toolbar, you are in Grid mode. 

You may insert, delete, and move rows and columns.  Each command on the Grid menu alters the position 
of the grid lines and not the rectangular regions called cells.  The Insert command adds a row or column 
grid line to the mesh.  Delete is used to remove a row or column grid line from the mesh.  Move shifts the 
position of a row or column grid line.  Uniform changes all row or column spacings to a uniform value. 

 

Click the  button on the toolbar to 
quickly get to the Grid options dialog. 

The Insert menu allows you to insert rows, columns, and layers into your model 
design.  The Insert menu contains four options, Row, Column, Layer Below, and 
Layer Above.  When you select Row, the cursor changes shape to resemble a row 
grid line (a horizontal line).  Move the cursor to the location for the new row and 
click the left mouse button.  GV determines where to place the new row depending 
upon the option labeled “Option for Adding New Rows/Columns” on the 
Grid|Options dialog.  The default is to split the current cell in half.  Using this 
option, you do not need to have accurate placement of the cursor when you click the 
mouse button.  GV will simply split the cell containing the cursor into two equal 
rows.  Inserting columns works the same way. 

Other options for inserting rows and columns include “Set cell spacing”, “Percent current spacing”, and 
“Insert at the cursor”.  With the “Set cell spacing” option, you enter a given row and column spacing.  
When you click the left mouse button, GV attempts to make the row or column that exact spacing.  This is 
a useful option for adding new rows or columns beyond the edges of the current grid.  The “Percent cell 
spacing” option splits the current cell using a proportion you enter on the Grid Options dialog.  The “Insert 
at the cursor” option simply adds the new row or column grid line where ever you click the left mouse 
button. 

You may add as many rows, columns, and layers to the model as you choose (as long as you have enough 
memory!).  GV automatically compensates for the added memory requirements. 

The Delete menu contains three selections, Row, Column, and Layer.  Selecting Row or Column allows 
you to move the cursor to a location on the screen, click the left mouse button, and delete the row or 
column grid line nearest to the cursor.  When you select Layer, the current layer is deleted (along with all 
boundary conditions in this layer). 

GV uses the right mouse button to quickly insert or delete rows and columns when in grid mode.  The 
function of the right mouse button depends upon which button is depressed on the right side of the toolbar.  
The choices are: 
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 Delete Column  

 Insert Column  

 Delete Row  

 Insert Row  

For example, to insert a row click on the   button, move the cursor to the desired location and press the 
right mouse button.  A new row grid line is inserted using whichever option is selected on the Grid Options 

dialog as described above.  You may insert as many rows as you like while the  button is depressed.  
Columns are inserted in an analogous manner. 

You may slide row and column grid lines around on the screen when you are in Grid mode.  This is done 
by placing the cursor near a row or column grid line.  The cursor will change to either a  (left-right) 
cursor for moving columns or a  (up-down) cursor for moving rows.  You may now press and hold the 
left mouse button down and move the cursor to slide the row or column grid line.  You may not move it 
beyond the adjacent row or column grid lines, however. 

You may manually change row and column spacings by selecting Grid|Edit|Row Spacings or 
Grid|Edit|Column Spacings.  You will see a scrolling list of spacings that you can modify. 

The Grid|Edit menu also allows you to automatically change row and column spacings using an initial 
spacing and a multiplier.  When you select Grid|Edit|Row Auto Setup or Grid|Edit|Column Auto Setup, 
you will see a dialog with four parameters, including: 

 Starting row/column number 
 Ending row/column number 
 Initial spacing assigned to starting row/column 
 Multiplier 

The automatic setup starts by changing the spacing of the starting row/column to the initial value.  The next 
row/column spacing is assigned a value equal to the intial spacing times the multiplier.  The procedure 
continues until the ending row/column is reached.  You may also specify a starting row/column number 
that is larger than the starting number so that you can go in either direction. 

Row and column spacings may also be reset to a uniform value by selecting Grid|Uniform|Row Spacing 
or Grid|Uniform|Column Spacing.  You simply enter a new spacing value and all rows or columns are set 
to that value. 

Automating Grid Design 
Groundwater Vistas offers two additional ways to quickly modify the grid.  The first is grid smoothing 
which takes out large jumps in grid spacing.  The second is grid refinement (not the same as telescopic 
mesh refinement) which allows you to specify an area where a uniform grid will be established and the 
remaining grid spacings will be automatically smoothed. 

The Smooth Grid option rearranges grid spacings so that adjacent cells vary by no more than a user-
specified amount.  The following dialog is displayed when selecting this option. 
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The grid smoothing option does not change the number of rows and columns.  It simply moves the rows 
and columns around to achieve the degree of smoothing desired. 

The second automated method is found under Grid|Edit|Refine Grid.  When you select this option, you 
then drag a window to define the area where the refinement will occur.  A dialog then prompts for the size 
of rows and columns within this area and the degree of smoothing around the edge. 

 
The Maximum Grid Change Ratio is then used to smooth around the edges of the new refined area as 
described in the last paragraph for grid smoothing.  This option should be used with caution as 
boundary conditions and aquifer property zones may change significantly after refinement.  The 
refine grid command is best used before boundaries or properties are defined in detail. 

Working with Layers 
Layers are approximately horizontal collections of rows and columns.  Each layer contains the same 
number of rows and columns.  By default, layers are horizontal with uniform top and bottom elevations.  
You may offset the elevation of any cell, however, using the Property menu as described later in this 
chapter. 

You have two options for inserting layers into the model.  You may insert a layer above the current layer or 
insert a layer below the current layer.  The current layer is displayed on the status bar as L: and on the 
Reference Cube.  These options are selected using Grid|Insert|Layer Above and Grid|Insert|Layer 
Below commands. 

Selecting Layer Below adds a new layer below the current layer.  The current layer is shown two places, 
on the reference cube (usually on the left side of the screen) and on the status bar (e.g., L:1 for layer 1).  
Layer Above adds a new layer above the current layer.   

When adding a layer, you will see the dialog below.  There are two options for setting the thickness of the 
new layer.  It can either be half the thickness of the current layer or a percentage of the current layer.  In all 
cases, your new model will have the same thickness as the old model because the current layer will 
decrease in thickness to accommodate the additional layer. 

 
You may add as many rows, columns, and layers to the model as you choose (as long as you have enough 
memory!).  GV automatically compensates for the added memory requirements. 
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It is also easy to delete an entire layer.  Simply select Grid|Delete|Layer.  The current layer is deleted from 
the model.  GV also deletes any boundary conditions that were in that layer. 

Using Variable Layer Elevations 
You may use either flat layes or layers that vary in elevation.  This warping of layers allows the model to 
follow hydrostratigraphic contours without the use of large numbers of layers.  The easiest way to assign 
variable layer elevations in your model is to import them from an external file.  Many types of files may be 
used, including SURFER grid files, matrix files, EVS files, etc. 

In previous versions of Groundwater Vistas, layer elevations used a zone database and it was difficult to 
work with layer elevations in this mode.  Now, GV by default will use a matrix of numbers for layer 
elevations, making it much easier to import and modify elevations.  If you are using a model created in a 
previous version of Groundwater Vistas, we recommend that you select Props/Options and change top and 
bottom elevations from zone database to matrix format. 

Surfer Files 
Surfer files are imported into GV for layer elevations (or any other property too) by selecting 
Props|Import|SURFER.  The following dialog is displayed: 

 
The last option labeled Use Exact Values in Database has not effect on matrices and is only there for zone 
databases.  It tells GV to interpolate a cell value from the SURFER file and put that exact value into the GV 
database (if you are using zones).  If you uncheck this option, then GV assumes you are using the zone 
concept and will look for the closest value in the database. 

If you do not have a license for Surfer you can also use ESRI asci grid files from GIS.  This is also useful 
for importing digital elevation models  (DEM).  In GIS you would export the raster grid from its original 
format to the text (asci) raster format.  In Groundwater Vistas, you can convert this format to a Surfer file 
using the File|Conversions|ESRI ASC to Surfer command.  Another option is to purchase a license for 
GlobalMapper (www.globalmapper.com), which is a very useful program for converting from one data file 
type to another.  ESI uses GlobalMapper extensively in consulting to convert file types and also transform 
(reproject) one coordinate system to another. 

XYZ files 
An XYZ files is assumed to be a text file with columns of data.  The columns contain, at a minimum, the X 
coordinate, the Y coordinate, and the property value (elevation in this case).  Groundwater Vistas 
interpolates these data using a nearest neighbor scheme to compute a value for cells in the model.  As with 

http://www.globalmapper.com/
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SURFER files, these interpolated values can be either looked up in the current database or exact values can 
be specified.  If matrices are used for elevations, then the exact interpolated value is always used.  The 
following is a dialog for the import of XYZ files. 

 
To use exact interpolated values in the database, check the last box labeled Append Data to Database.  If 
you want to totally start over with the database, you may also check the box labeled Automatically Reset 
Database.  This option must be used in conjunction with the append data option.  If both of these options 
are unchecked, then GV looks up the closest value in the database.  See the section on defining aquifer 
properties for a discussion of the nearest neighbor algorithm for interpolation in GV. 

In most cases, though, layer elevations are treated as a matrix property in Vistas so the database options are 
ignored.  GV will simply take the value interpolated from the data and put the exact value in the elevation 
matrix.   

The property type field at the bottom of the dialog is used for properties that have multiple fields in the 
database (or multiple matrices).  For example, the hydraulic conductivity property has three possible 
values, Kx, Ky, and Kz.  If the property is defined using matrices, the XYZ file can be imported for any of 
these property types.  When importing the XYZ file for a zone-based property, only the first type is 
available (Kx for hydraulic conductivity).  You can get around this restriction by converting the property to 
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a matrix using Props|Options, import a series of XY files, and then convert back to zones using that same 
menu selection. 

XYZ files generally contain data for only one layer.  That is why the “Column Containing Elevation of 
Point” field is gray.  However, if you are not interpolating the data (e.g. the file contains one point per grid 
cell), you can also have a field for elevation and then import data for all layers from one file.  In this case 
you would have X, Y, Z, and property value (bottom elevation in this case).  To do this, set the minimum 
and maximum number of nearest neighbors to 1.  Then the elevation field will be available for editing. 

Matrix File 
In some cases, you may want to use another application to define the elevations of layers and store them in 
a simple matrix.  The matrix is assumed to contain one value for each cell in the model or in a single layer.  
The order of the numbers is layer, row, column (just like MODFLOW reads them).  The numbers must be 
separated by a comma, tab, or space.   

 
For matrix properties (see Props|Options), the data read from the matrix file are simply placed in the 
appropriate grid cell.  In a zone-based property, however, there are additional options.  If you select Append 
to Database, GV will put the exact values in the database.  Selecting Find Nearest in Database will use the 
zone concept and find the closest value in the database.   

The property type field at the bottom of the dialog is used for properties that have multiple fields in the 
database (or multiple matrices).  For example, the hydraulic conductivity property has three possible 
values, Kx, Ky, and Kz.  If the property is defined using matrices, the XYZ file can be imported for any of 
these property types.  When importing the XYZ file for a zone-based property, only the first type is 
available (Kx for hydraulic conductivity).  You can get around this restriction by converting the property to 
a matrix using Props|Options, import a series of XY files, and then convert back to zones using that same 
menu selection. 
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In most cases, though, layer elevations are treated as a matrix property in Vistas so the database options are 
ignored.  GV will simply take the value from the data file and put the exact value in the elevation matrix.  
The matrix number refers to the original order of data in the zone database.  For elevations, this number 
should always be 1.  For other properties, like hydraulic conductivity, it would be 1 for the first item in the 
database (Kx), 2 for the 2nd item (Ky), and 3 for the 3rd item (Kz). 

A relatively new option is at the bottom of the matrix import dialog.  This allows you to import data from a 
MODFLOW or MT3D binary output file.  To use this option, click the “file is binary” option and then click 
browse to find the time step you want to use.  This option works for head-save, drawdown-save, and MT3D 
concentration (UCN) files. 

GIS Shapefile 
There are three types of shapefiles that can be imported for layer elevation (or any other property for that 
matter).  A point shapefile is treated just like an XYZ file above.  A line shapefile is assumed to represent 
contours.  In this case, GV will extract the vertices of the lines (contours) and then use them as a collection 
of points.  For a polygon shapefile, GV looks for cells within each polygon and simply sets the property 
associated with that polygon. 

The dialog for a point or line shapefile is shown below: 

 
You first select the attribute field for the bottom elevation.  You then determine whether you want to 
interpolate or not.  Usually for points and lines you would use interpolation.  If you don’t interpolate, GV 
will only change the bottom elevation of cells containing points or vertices of lines.  You then have the 
option of using exact values or check the box to Find Nearest Value in Existing Database.  The dialog for a 
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polygon shapefile is the same but you cannot choose to interpolate values.  If matrices are used for 
elevations, then exact values from the shapefiles are used. 

Fixing Overlapping Layers 
A common problem when designing complex 3D models is that layers can overlap each other.  
MODFLOW88 and MODFLOW96 actually did not care much about this situation but 
MODFLOW2000/20005 will throw an error.  Groundwater Vistas will also identify the problem in the 
error/warning file.  An easy way to fix this situation is to use Grid|Edit|Fix Layer Overlap.  You then 
enter the minimum layer thickness and select from two options.  The first option asks if you want to 
compare the top and bottom of layer 1.  If you do not want to check layer 1, then GV will start by 
comparing the bottom of layer 1 to the top and bottom of layer 2.  

 
The second option allows you to enforce the minimum layer thickness even if there is no actual overlap.  In 
the example above, the minimum thickness is 1.0.  If the layer thickness was 0.5, checking this option 
would reset it to 1.0. 

When fixing layers that overlap, GV pushes the underlying layer downward.  GV does not reduce all 
underlying layers by the amount needed to achieve the m inimum thickness in the overlapped layer.  For 
example, if layer 2 needs to be lowered and layer 3 is very thick, then layer 3’s thickness will be reduced by 
just enough to allow layer 2 to meet the minimum thickness requirement. 

The newest versions of MODFLOW do not allow boundary heads to be at or below the layer bottoms.  The 
last option on this layer elevation repair dialog forces layer bottoms to be below the boundary heads. 

Defining the Top of Layer 1 (Land Surface) 
In most models, the top of layer 1 is also land surface.  The best way of assigning the top elevation of layer 
1 is using a digital elevation model (DEM).  Most DEMs are in formats not supported by Groundwater 
Vistas.  There are a couple of ways to deal with this problem.  First, you can get a program called Global 
Mapper (www.globalmapper.com), which can convert from just about any DEM format to a Surfer grid file 
that is easily imported in Groundwater Vistas.  Global Mapper is relatively inexpensive and a very useful 
tool in converting many different file formats.  The second option is to load the DEM into your favorite 
GIS and then export the DEM to a ascii raster grid file (sometimes called ESRI asc file).  Once in this 
format, you can use File|Conversions|ESRI Asc to Surfer within GV to make create a Surfer grid file that 
can be imported. 

Importing the DEM Surfer file can be done using either Props|Import|Surfer or Reports|Topographic 
Analysis.  When importing from the Props menu, GV will interpolate the elevation at the center of the grid 
cell using bilinear interpolation from the Surfer grid.  Topographic Analysis, on the other hand, can use a 
statistical analysis of all grid points within the cell to determine the top elevation.  You can use the 
minimum, maximum, or mean elevation. You can also use a specified percentile, however, this will take a 
very long time to compute. 

http://www.globalmapper.com/
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Another important feature of the topographic analysis is assigning river and drain stages based on the 
topographic map.  In the example above, rivers will have the stage reset to the minimum elevation within 
the grid cell from the Surfer grid data. 

Defining Layer Top Elevations 
By default, Groundwater Vistas requires that the top of layer 1 be assigned valid elevations and all layers 
be assigned valid bottom elevations.  GV then assumes that the model is fully three-dimensional.  That is, 
the bottom of layer 1 is the same as the top of layer 2.  The only time you need to change this default case 
is when you want to have gaps between layers.  The latter situation is done commonly in quasi-3D 
modeling where the aquitard units are not explicitly simulated.  In this case, select 
Model|MODFLOW|Package Options – BCF/LPF tab and check the box labeled “Use Top Elevations”.  
With that option checked, you must supply top elevations for each layer. 

Importing and Exporting Grid Information 
There are several different imports and exports related to the finite difference grid.  Import types include 
the following: 

- row and column spacings 

- row and column coordinates 

- updates to TMR grids 
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When importing row and column coordinates or spacings, the file should be just a single column of data 
with no headers on the data.  The data are in order by row or column number.  Coordinates are in model 
coordinates with the origin at the lower left corner of the grid.  Coordinates are the coordinate of the right 
(east) side for columns or top (north) side for rows.  Spacings are simply the width of the row or column.  
Note that neither of these imports will add any new rows or columns. 

The import of TMR update information is explained in the Concepts chapter. 

Export types include the following: 

- various TMR exports as explained in the Concepts chapter 

- row and column spacings and coordinates 

- shapefiles for grid lines, grid polygons, or grid outline 

- Sci_3D and Rockworks files 

 

Grid coordinates and spacings are exported to a single file for both row and column.  If you intend to 
reimport to another model, simply edit the exported file to separate it into two files for row and column 
information.   

There are several shapefile options.  If you choose Grid|Export|Shapefile, GV will prompt for whether 
this should be lines or polygons.  Lines are preferable if you just want a display in GIS.  Polygons are better 
if you want to actually associate information that can be reimported back into GV later.  Selecting 
Grid|Export|Shapefile outline will export a shapefile that is the outer edge of the active portion of the 
model grid in the current layer.  If the enter grid is active then you just get a rectangular box. 

Sci_3D is a simple 3D visualization tool.  For more information, see http://www.hydrotoolkit.com/3d-
graphics.html. 

Rockworks is another 3D tool that can be used to build 3D geologic models.  Rockworks can export 
information for use in Groundwater Vistas.  To do this, Rockworks needs information about your model.  
This export provides that information to Rockworks.  For more information, see http://www.rockware.com. 

 

MODFLOW-USG Unstructured Grid Types 
There are two ways of working with MODFLOW-USG unstructured grids in Groundwater Vistas, as 
described at the beginning of this chapter.  When adding refinements to an existing parent structured grid, 
you have the choice of adding quadtree refinements and/or nests.  The second option is to use AlgoMesh or 
another mesh generator to create an unstructured grid and then import it.  The following section describes 
the first option. 
 
The best approach in using MODFLOW-USG is to create a standard MODFLOW model and get it running 
successfully.  You can then add refinements for MODFLOW-USG and know that any issues with model 
convergence will be related to these refinements rather than the rest of the model. 
 

Nested Grids 
Unstructured grids are those that are not necessarily arranged on row and column basis.  These grids can 
contain cells of just about any shape, such as triangles, octagons, quadrilaterals, etc.  The trick is to tell the 
model how the cells are hooked together and the geometric information about the connections between 
cells.  Groundwater Vistas supports the use of MODFLOW-USG through the use of square and rectangular 
elements, but ones that do not necessarily line up in a row/column pattern.  This means that you can quickly 
use existing MODFLOW models and enhance them with new grid schemes. 

http://www.hydrotoolkit.com/3d-graphics.html
http://www.hydrotoolkit.com/3d-graphics.html
http://www.rockware.com/
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First, you can use MODFLOW-USG with your normal MODFLOW row, column, and layer grids.  Instead 
of having a row, column numbering scheme, though, each cell has a node number.  The following figure 
shows how Groundwater Vistas numbers nodes in a normal MODFLOW grid.  This numbering is actually 
in the same order as data read by MODFLOW for a structured grid.  That is, it starts in row 1 and reads all 
columns in order.  Then it goes to row 2 and continues reading (or numbering in the case of node numbers). 

 
One added benefit of this type of grid scheme is that you can pinch out nodes that are very thin.  In a 
normal MODFLOW grid, you cannot pinch out a layer.  But using MODFLOW-USG, it is relatively 
simple.  We will cover this in a later section. 

Most modelers will want to take advantage of the unstructured nature of MODFLOW-USG to create 
models that are refined in areas of interest but are also efficient in terms of the number of nodes required to 
simulate these refinements.  One way of doing this is the use of a nested grid, as shown below.  This is a 
similar concept to MODFLOW-LGR but with MODFLOW-USG the nested grid is part of the model 
instead of being a separate simulation.  In the nested grid, a rectangular area is subdivided into much 
smaller cells and the area of refinement is confined to just the area of interest.  In a normal MODFLOW 
grid, these refinements must carry through to the outer edges of the grid which means that many extra rows 
and columns are needed.   
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Nested grids are actually separate objects in Groundwater Vistas so they can be turned on and off.  This 
means that you can have a regional model with a relatively uniform grid and quickly add a nest to it to 
make a more detailed prediction.  When that prediction is no longer needed, the nest can be temporarily 
deactivated.  The main limitation with nests is that they cannot overlap each other.  Each nest, though, 
contains its own properties and boundary conditions which are initially inherited from the parent grid.  The 
properties and boundary conditions can be refined, however, once the nest has been created. 

GV still keeps track of the parent grid using the original row and column numbers.  These are shown on the 
status bar on the right side of the screen.  The node number corresponding to the original row and column 
number is shown on the left side of the status base as the cursor is moved around on the model grid.  When 
Groundwater Vistas numbers nodes in a nested grid, it numbers the parent grid cells first, omitting the area 
covered by the nest.  It then numbers the nests in the order they are entered if there are more than one nest.  
Each nest is numbered just like the parent grid, starting in the upper left corner and numbering each row in 
the nest in order, as shown above. 

Nested grids can have the same layering scheme as the parent model or sublayering can be used.  In a 
sublayered nest, the nest can be confined to a subset of parent layers and/or the parent layers can be 
subdivided.  The figure below shows a cross section through a nested grid that has 5 layers in the parent 
grid and 5 layers in the nest.  However, the nest layers start in parent layer 2 and end in parent layer 4, with 
parent layer 3 split into 3 sublayers. 
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This makes keeping track of where you are in the USG model a bit tricky.  You will notice that a new item 
has been added to the 3D cube at the left side of your Groundwater Vistas window.  This is the "Sublayer" 
number.  The "Layer" number refers to the original parent layer you are viewing.  If a nest has sublayers, 
you may view the properties and boundary conditions of each sublayer using this "Sublayer" item on the 
3D cube.  If a parent layer does not have sublayers then the sublayer number cannot be changed from the 
default of 1. 

One potential use of this sublayer nest concept is to have high resolution in the upper layer of the model so 
that surface water features can be better resolved and coarser cells in deeper layers (see the cross section 
below).  A USGS model in the upper Midwestern US is making use of this type of nested grid, for example. 

 
The nested grid approach works best when the parent or regional model has a relatively uniform grid.  The 
grid does not need to be uniform to use a nest but it makes a lot of sense to do this.  The uniform grid 
model is generally fast and efficient to simulate and the nest can then be added at any point where 
additional details are required.  

To add a nest you simply select Grid|Nested Grid|New and drag a window to identify the region covered 
by the new nest.  If you have multiple nests active at the same time, make sure to leave a gap of at least 2 
rows and columns between the nests.  The following dialog will then be displayed: 
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Change the number of divisions for both rows and columns to the desired level of refinement.  Note that the 
larger the number of subdivisions in the nest, the harder it will be for the model to converge.  It is generally 
good to keep this number of subdivisions less than or equal to 10.  If you did want to either restrict the nest 
to a subset of layers or split the original layers into sublayers you would make those changes here as well. 

When you click ok, GV will ask if you want to copy the parent boundary conditions to the nest.  Normally 
it is a good idea to do this.  You can always modify them later.  However, if you know that you will be 
importing new information from shapefiles or other sources, then answering no is fine too.  Aquifer 
properties are copied from the parent grid cells automatically. 

Connecting many nested cells to one parent cell at the edge of a nest causes some numerical inaccuracy. 
Ghost nodes are used in this case to increase the accuracy of the numerical solution.  You should generally 
use ghost nodes with nested and quadtree grids in MODFLOW-USG.  The MODFLOW-USG manual 
describes ghost nodes and their significance.  In Groundwater Vistas, ghost nodes are added laterally 
around nested grids.  If the nested grid is not contained in all layers, ghost nodes are also placed above 
and/or below the nest.  The figure shown below illustrates the position of ghost nodes (shown in green) 
around part of a nested grid. 

 
The red triangle shows that the ghost node for node 56 is a linear interpolation of nodes 10 and 18 outside 
the nest.  The idea is to have a ghost node outside the nest and perpendicular to the edge of the node in the 
nest (56 in this case).  When a nest overlies a parent grid cell, the ghost node is directly beneath the node in 
the nest and inverse distance weighting of the closest parent nodes is used in assigning the ghost nodes.  
Because this all happens behind the scenes, you do not need to design and configure the location and 
parameters for ghost node.  You simply need to decide whether you want to use ghost nodes or not.  

Sometimes when you have a complex nested or quadtree mesh, the model will not converge well with 
ghost nodes at first.  A trick to use when this happens is to run the model first without ghost nodes and then 
use the heads from that first run as starting heads for the next run where you add ghost nodes. 

Select Model|MODFLOW-USG|Options and turn on "Use Ghost Nodes..." and the other option called 
"Use Explicit Update for ghost nodes...", as shown below.  The explicit ghost node option is not quite as 
accurate as implicit ghost nodes but often converges better.  The best approach is to start without ghost 
nodes.  If the model converges then turn on ghost nodes with the explicit option.  Finally, if that converges 
as well, you can turn off the explicit option and try again. 
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You can turn on and off nests or delete them using Grid|Nested Grid|List.  This shows a simple table of all 
nests defined in your model.  Each nest has a description, a checkbox to turn it on or off, and a checkbox to 
delete it. 
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If you plan to add multiple nests, it is a good idea to give them descriptions that let you distinguish between 
them. 

Quadtree Refinement 
Quadtree refinement is an alternative to the nested grids.  Quadtree grids may be used at the same time as 
nested grids but must be defined before you add any nests.   As with nested grids, it makes sense to start 
with a relatively uniform parent model grid.  This is not really necessary but we believe it will make the 
resulting meshes more visually appealing and numerically stable.  There are be no restrictions on this, 
however, within Groundwater Vistas. 

Using quadtree refinement in a model grid is three-step process.  In the first stage, each cell in the model is 
assigned an integer code from 1 to 7.  A value of 1 means that the cell will not be divided.  A value of 2 
indicates the cell will be split into 2 rows by 2 columns, 3 means a 4 x 4 split, 4 means 8 x 8, 5 is 16 x 16, 6 
is 32 x 32, and 7 is 64 x 64.  These are color coded in Vistas.  In the example below, the white cells are not 
divided, blue will be divided 2 x 2, and green will be divided 4 x 4. 
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Groundwater Vistas will make sure that prior to implementing the quadtree refinement, these codes will be 
smoothed so that no cell can be divided more than a factor of 2 compared to an adjacent cell.  Once the 
smoothing has taken place, the quadtree mesh is created as shown below. 

 
Finally, after the quadtree refinements have been made new boundary conditions and updated properties 
can be applied to the refined mesh.  The best approach will be to have boundary conditions like rivers be 
defined in one or more shapefiles so they can be easily imported and assigned to the new grid. 

To start a quadtree grid, select Grid|Quadtree Refinement|Start Quadtree Mesh 

   
You will see that only the first item is active and the remaining menu is gray.  Once you select Start 
Quadtree Mesh, though, the next several items will become active.  The best way to define the levels of 
quadtree refinement in the parent cells is to use the Hydrostratigraphy property zones.  Zone 1 represents 
cells that do not change.  Zone 2 is divided 2x2, zone 3 is 4x4, etc.  Set up the zone pattern based on your 
desired level of refinement and then select HSU Zone to Quadtree Level from the menu shown above.  
This will draw the quadtree grid but does NOT assign node numbers yet.  At this stage the mesh is just 
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visual so you can see what it will look like.  You can keep modifying the HSU zones and transferring them 
back for the quadtree mesh until you want to finalize the mesh.   

The next step would usually be to smooth the quadtree grid using the Smooth Quadtree Mesh menu item.  
Smoothing means that there is no more than a jump of 1 quadtree level from one cell to the next.  Vistas 
starts at the highest level of refinement and works outward from there.  After smoothing, Vistas will ask if 
you want to update the HSU zone pattern to match the new smoothed grid.  It is a good idea to do this in 
case you want to recreate the pattern later. 

After you are finished with the refinement, choose Allocate Quadtree Mesh.  Once you use this command 
the grid cannot be modified further except to add an optional nest.  If you decide later that you need a 
different level of refinement you must use the Remove Quadtree Mesh menu item.  The import and export 
of quadtree meshes are not currently functional but are intended to be completed in the future. 

Allocating the quadtree mesh copies aquifer properties from the parent grid and optionally copies boundary 
conditions just like in the nested grids discussed previously.  GV will also assign node numbers to the new 
nodes.  Node numbering is different from nested grids where the parent cells were numbered first and then 
nests later.  In a quadtree mesh, the nodes are numbered continuously with a quadtree cell numbers from 
upper left to lower right before moving to the next parent quadtree cell.  The following simple example 
illustrates the numbering scheme. 
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Pinchouts in MODFLOW-USG Grids 
MODFLOW structured grids must contain the same number of cells in every layer.  This means that layers 
cannot pinch out.  However, in MODFLOW-USG this requirement can be overcome by simply 
renumbering nodes to omit cells that are very thin.  In Groundwater Vistas, this is activated using 
Model|MODFLOW-USG|Options.  Check the option that says “Pinch out layers with thickness less than” 
and then enter the minimum thickness for an active cell.  Any cell with a thickness less than this threshold 
value will be omitted.  There are also options below that to use HSU zones to further restrict the area where 
cells may pinch out.  Another important option is below the pinchout option and is called “Only Use Active 
Nodes in Model”.  When this option is checked, no-flow cells and pinched out cells are omitted entirely 
from the MODFLOW-USG run.  This can mean a significant decrease in run time because the solver has 
much less work assembling and solving the matrix equations. 
 

 
 

Pinched out cells are shown in Vistas as a pink color by default, as shown in the example below.  Nodes 85 
to 88 and 93 to 96 are pinched out in this example.  You can see these as very thin cells in the cross-section 
view. 
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Omitting inactive cells from the simulation has one important ramification you need to understand.  The 
node numbering in Vistas becomes more complex.  In this situation, Vistas actually tracks two node 
numbers for each cell.  The first is the number assigned to the cell as if the “Only Use Active Nodes in 
Model” option is NOT used.  These are the node numbers displayed on the grid shown above.  The second 
node number is the one for only the active cells.  As you move the cursor over the cells in your grid, the 
status bar on the left side will show “Node: ## (##)” where the first number is the original node number and 
the one in parentheses is for the mesh with only active cells.  So if you would move the cursor over node 94 
above, it would say “Node: 94 (0)”.  The zero in parentheses means that cell has been omitted.  If you put 
the cursor on node 100 above, the status bar would show “Node: 100 (92)”. 

Complex Geometric Connections 
The key to MODFLOW-USG is all about connections.  One node can connect to any other node regardless 
of where it is located.  In a structured MODFLOW grid, the connections are implied by the row, column, 
and layer numbers.  That makes it easy to work with but not very flexible to accommodate complex 
geometries.  The ability to pinch out layers described in the last section is a very powerful feature.  Equally 
powerful is the ability to connect one node to multiple adjacent layers if the vertical geometry indicates 
they should connect (e.g. across a fault).  In the picture below, the blue arrows show where cells in layer 2 
of this 3-layer section could potentially connect to both layers 2 and 3 because of vertical overlap.  
Normally these cells in layer 2 would only connect to adjacent layer 2 cells.  Groundwater Vistas has an 
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option that can connect these automatically by selecting the Geometry tab on Model|MODFLOW-
USG|Options, as shown below.  Selecting the first checkbox means that Vistas will look for cells that 
overlap vertically with layers above and below the layer containing the cell.  The factor used is either a 
relative degree of overlap (percent layer thickness) or an explicit thickness (based on checkbox that says 
“vertical overlap is absolute value in model units of length”). 
 

 
 
In the example below, we have selected to use this option if any cells overlap other layers by at least 10 ft.  
The next checkbox (“Force Continuity of Layers”) means that cells in the same layer will always connect 
even if they do not overlap vertically.  The last set of options is used to display in the plan view where cells 
will overlap from this option.  We have selected to show nodes connecting to layer 3 with HSU zone #2 
color. 
 

 
 
In this example, HSU zone 2 is green.  The figure below shows the cells in layer 2 that will connect with 
cells in layer 3. 
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The only other way to confirm that these connections exist is to view the nodal connects (JA array) in the 
MODFLOW-USG discretization file. 
 
 

Assigning Boundary Conditions 

Concepts 
GV supports the use of three types of boundary conditions, specified head/concentration, specified flux, 
and mixed type boundary conditions.  Specified head boundary cells are called constant head cells.  GV 
calls these cells constant head, but you may make the cell constant head, constant concentration, or both 
constant head and concentration.  Specified flux boundary cells are represented using no-flow, wells, or 
recharge.  Mixed-type boundary conditions are called rivers, lakes, drains, general-head boundaries, 
streams, or evapotranspiration.  Recharge and ET are treated as properties because they are distributed to 
every cell in the top layer in the model.  These are discussed under parameter zones in the next section.   

The terminology used to describe boundary conditions is consistent with the MODFLOW usage 
(McDonald and Harbaugh 1988).  Most other models will support similar boundary types; however, 
different names may be used.   

In the following discussion, the phrases boundary values or boundary condition parameters are often used.  
These terms refer to the set of data values entered for each boundary condition cell.  Each boundary type 
(except no-flow) has its own set of values that are displayed on the boundary condition dialog.  Values 
common to all boundary types include the following: 

Head or flux (stage for rivers, drain elevation, pumping rate for wells), 

row, column, layer (or node) of cell containing the boundary condition, 

reach number,  

option for steady-state or transient condition, and 
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color 

Title 

Head-dependent flux boundary types (rivers, drains, general-head boundary, streams, lakes) also include a 
set of parameters for the conductance term.  GV takes these parameters and computes the conductance 
term, as described below.  Note that MODFLOW does not need this information.  MODFLOW only 
requires a conductance value except for the stream boundary condition.  Rivers and streams also require the 
elevation of the river bottom.  Streams require additional information related to surface flow.  No data are 
entered for no-flow cells. 

Boundary conditions may be inserted in the model individually, in a window, along a digitized line, or 
within a digitized polygon region.  You are limited to one boundary condition per cell.   

In addition to boundary conditions that are defined for specific cells in the model, GV includes grid-
independent boundary conditions, called analytic elements.  The analytic element boundaries include wells, 
line boundaries, and circular boundaries.  Wells are used exclusively for pumping or injection wells 
(constant flux) while line and circle boundaries may represent constant head, river, drain, or general head 
boundary types. 

Choice of Boundary Condition Type 
GV supports all of the boundary condition types in MODFLOW, including constant head, well, river, drain, 
general head, lake, flow & head boundary (FHB), and stream.  In addition, the horizontal flow barrier 
package (HFB) is supported by GV using a special boundary type called a wall.  The choice of what 
boundary type to use for a given hydrologic condition is one of the most complex decisions you will make 
in designing your model.  There is no right answer to this decision.  

Boundary conditions determine where water enters or leaves the model domain and in what quantity.  To 
make an informed decision about boundaries, you must have a good understanding of water budgets in the 
physical system.  Ideally, your boundaries should represent real physical boundaries such as surface water 
bodies and regional groundwater divides. 

Use the following information to guide your decision: 

Constant Head 
A constant head, by definition, is a boundary where the head and/or concentration does not change during 
the simulation.  You should use these types of boundaries with caution as they imply an infinite supply of 
water to the aquifer.  Constant head boundaries should be used for major sources of water that fully 
penetrate the model layer where they are defined.  Good candidates for constant head boundaries include 
major surface water bodies (rivers, lakes, ocean).  The most common mistake in modeling is to place 
constant heads surrounding a model layer.  While there are occasions where this may be warranted 
(modeling an island for example), normally this procedure should not be done.  By fixing the head around 
the layer, the model is constrained and can often be calibrated with virtually any value for hydraulic 
conductivity. 

MODFLOW has a package called the time-varying specified head package (CHD) that allows heads to be 
constant for a particular time step but the head may change between time steps.  To implement this package 
in Groundwater Vistas, uncheck the Steady-state option on the constant head dialog and click the Transient 
Data button to enter the heads for each stress period.  Note that the head actually varies within a stress 
period in the CHD package, which is different from all other boundary types in MODFLOW.  GV assumes 
that the head assigned to stress period 1 is applied at the start of stress period 1 and the head assigned to 
stress period 2 is applied at the end of stress period 1 and the beginning of stress period 2.  If you have 10 
stress periods you would need to assign 11 heads in the spreadsheet.  The head assigned to stress period 11 
(even though you only have 10) is the head at the end of stress period 10.  You can change this default 
behavior so that the head is constant throughout the stress period (that is only one head value is assigned to 
each stress period) by selecting Model|MODFLOW|Package Options – CHD tab. 
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You should also be familiar with one quirk of the CHD package.  Once a constant head value has been 
assigned to a cell, it cannot be turned off.  This is unlike other MODFLOW boundary types which can be 
turned on and off for any given stress period.  If you need to have a constant head to turn off, use a generaly 
head boundary (GHB) with a very high conductance. 

Another quirk of the constant head boundary in MODFLOW comes if you define them in the BASIC 
Package (default behavior in GV).  In this case, the IBOUND array which defines active vs. inactive cells 
also shows constant head locations by making the ibound value negative.  Then the head used for the 
constant head comes from the starting head array.  The quirk comes in if you decide to have MODFLOW 
read the starting heads from the binary head file from another simulation.  In this case, the head could 
potentially be different from your model design if the head file was from a simulation that used different 
constant head values.  To mitigate this situation, use Model|MODFLOW|Package Options – CHD tab, 
and turn OFF the option that says “Write Negative 1 in BASIC Input File for Constant Head Cells”.  Then 
go to Model|MODFLOW|Packages and make sure that the CHD Package is activated. 

Constant head boundaries can also be implemented using the Flow & Head Boundary Package (FHB) 
described later in this section.  The main difference is that FHBs are interpolated based on elapsed time 
since the start of the simulation rather than explicitly providing this information to each stress period. 

Constant Flux (well) 
A constant flux is analogous to a constant head except that the flow of water into or out of the aquifer is 
fixed.  Constant flux boundaries normally represent wells where the pumping rates are known or can be 
estimated with some certainty. 

Wells can be entered in Groundwater Vistas in two ways.  One is on the BCs menu and are assigned to a 
particular cell.  The other way is to use analytic elements (Add menu) which are assigned to a spatial 
location using x and y coordinates.  The only real difference between these two methods is that the analytic 
wells can have flow rates assigned to a range of layers.  In this case, GV will compute the flux for each 
layer based on the transmissivity of that layer.  Analytic wells are also used with special packages like the 
Multi-Node Well (MNW1 and MNW2), Fracture Well (FWL4 and FWL5 of MODFLOW-Surfact), and 
Connected Linear Network (CLN) of MODFLOW-USG.  Boundary condition wells, on the other hand, are 
assigned to one layer only and are only assigned to the model using the MODFLOW Well Package. 

Constant flux boundaries can also be implemented using the Flow & Head Boundary Package (FHB) 
described later in this section. The main difference is that FHBs are interpolated based on elapsed time 
since the start of the simulation rather than explicitly providing this information to each stress period. 

Special types of constant flux boundary conditions include recharge and the no-flow boundary.  Recharge 
is the rate at which infiltrating water reaches the water table and is expressed in units of L/T (e.g., ft/d).  
Recharge is implemented in GV as a property because it applies to all cells in the top model layer.  A no-
flow boundary is an area where the flow of groundwater is zero.  By default, all outer edges of the model 
grid are assumed to be no-flow in most models, including MODFLOW.  No-flow boundaries may also be 
used to represent bedrock areas in an unconsolidated aquifer where the bedrock yields negligible amounts 
of water to the system.  MODFLOW refers to no-flow boundaries as inactive cells. 

River 
Rivers are special forms of the head-dependent boundary condition.  In a head-dependent boundary, the 
model computes the difference in head between the boundary and the model cell where the boundary is 
defined.  The head difference is then multiplied by a conductance term to get the amount of water flowing 
into or out of the aquifer.  In a river boundary, MODFLOW performs an additional check before computing 
flow rates.  If the head in the model cell is below the bottom elevation of the river boundary, the difference 
in head is computed as the river stage (head) minus the river bottom elevation.  This causes flow rates to 
reach a maximum value when an unsaturated zone exists beneath the river.  Note that river stage on the 
river boundary condition dialog is the elevation of the water surface in the river. 

Conductance for rivers is computed as the river width times river length times hydraulic conductivity 
divided by river bed thickness.  Length are width are measured only within the cell containing the river 
boundary condition.   



Groundwater Vistas Version 7 Page 75 

River boundaries should be used where a surface water feature partially penetrates a layer and can both 
remove water from the aquifer and infiltrate water into the aquifer.  River boundaries should not be used if 
the flow in the river can go to zero under losing conditions.  In this case, a drain or stream boundary should 
be used. 

Drain 
Drains are similar to rivers except that drains will only remove water from the aquifer.  If the head in the 
model cell drops below the drain elevation, the drain will not inject water into the model.  Under these 
conditions, the drain becomes inactive.  Note that stage of drain on the drain dialog is the elevation of the 
water surface or the elevation where water enters the drain, depending on the conceptual model being used. 

Conductance for drains is computed as the drain width times drain length times hydraulic conductivity 
divided by drain bed thickness.  Length are width are measured only within the cell containing the drain 
boundary condition.   

GV supports a special type of drain cell called a DRT or drain return flow.  In a DRT drain, the water 
extracted from the drain can be injected into another cell.  A common example would be a flowing well or 
spring simulated as a drain in a deeper layer.  The water can be recharged at the same cell location in layer 
1.  You will see on the drain dialog a DRT location and a recharge factor.  The location is the cell where the 
flow is recharged.  The factor is multiplied by the flux of water extracted by the drain to compute the 
amount of water recharged back into the model.  A factor of 1.0 means all water is recharged.  Note that the 
older version of MODFLOW (MODFLOW88/96) do not support use of DRT. 

Streams 
A stream is a special form of river boundary in which simple surface water modeling is also performed.  
The surface flow rate is provided to the model and is monitored by MODFLOW during a simulation.  If the 
stream loses water to the aquifer and the infiltration rate exceeds the amount of flow in the stream, 
MODFLOW sets infiltration to zero in that cell and all downstream cells until the stream begins to flow 
again from groundwater inflow. 

Stream cells must be numbered in a specific way to define the downstream direction.  Each stream cell has 
a segment number and a reach number.  A segment is a collection of reaches.  Reaches are numbered in the 
downstream direction.  Reach 1 is the most upstream cell in the segment.  If you get in the habit of 
providing a default stream stage (water surface elevation) that makes sense, then you can use 
BCs|Modify|Repair Streams to renumber stream reaches.  If you choose the option to have MODFLOW 
compute stream stage, technically you do not need to provide meaningful values of stream stage.  However, 
that means you cannot use this repair feature.  Using the repair function without also providing meaningful 
stream surface elevations will result in incorrect reach numbering. 

In addition to numbering reaches within segments, you also need to tell MODFLOW how the segments 
intersect.  In the older STR Package, common to all versions of MODFLOW, you specify tributary 
segments in the first reach of each segment.  For example, if segment 1 flows into segment 2, you would 
specify segment 1 as a tributary in reach 1 of segment 2.  You may also specify the inflow amount in the 
first reach of each segment.  This is useful if the stream does not originate within the model.  In the newer 
SFR package, you provide an outflow segment (ioutseg) for each segment.  This is the segment number that 
the current segment flows in to.  This is a simpler scheme but very different from STR. 

There are two types of stream packages in MODFLOW.  The original stream package is called STR and the 
new one is called SFR.  A third type called SWR is not supported by Groundwater Vistas at this time.  The 
two types of streams have a lot in common and they are added to the model in the exact same way in 
Vistas.  The main difference is that much of the data entry for SFR streams is entered for each segment on 
the Model/MODFLOW2000/SFR… menu.  All data entered for each segments on the MODFLOW2000 
menu takes precedence over anything entered on the stream BC dialog.  One big advantage of SFR over 
STR is that if the cell containing the stream goes dry, any stream-aquifer exchange of water is turned off in 
STR but is moved to the highest active cell in SFR. 

The SFR Package is the new stream routing package for MODFLOW2000/2005/NWT.  The data entered 
on the Model|MODFLOW2000|SFR Segment Data spreadsheet define basic information for each 
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segment in the model.  The location of each reach in each stream segment is defined as with the stream 
(STR) Package using BCs/Stream cells.  The heading names of each column in the spreadsheet are 
variables from the SFR manual.  You need to read the SFR manual in the GWV7\Documentation directory 
before using this complex package. 

 
You may convert from the older stream package (STR) to SFR using Model|MODFLOW2000|Setup SFR 
Segments.  Values of OUTSEG, IUPSEG, FLOW, and Roughness are found in the existing stream cells 
and copied to the SFR table to get you started. 

There are 2 versions of the SFR Package (SFR1 and SFR2).  The only difference is that SFR2 includes a 
1D vertical unsaturated zone model used to route infiltrating surface water to the water table.  This is only 
implemented where the stream is detached from the water table.  That is, the water table in the cell 
containing the stream is below the stream bed (or the cell is dry).  In  SFR1, the infiltrating water is 
assumed to reach the water table instantaneously.  In SFR2, the water reaches the water table at a later time 
based on the unsaturated zone characteristics.  These characteristics are entered on the stream boundary 
condition dialog in the SFR2 section (see below). 
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General Head Boundary 
A general head boundary (or GHB) is a generic form of the head-dependent boundary condition.  GHBs are 
normally used along the edge of the model to allow groundwater to flow into or out of the model under a 
regional gradient.  There is no limit placed on the amount of water that can enter or leave the boundary 
condition, as there is in rivers, streams, and drains.  In a GHB, the flux is simply the head difference 
between the boundary condition and the model cell times the conductance. 

The conductance of a GHB is computed as the satured thickness of the cell times the width of the cell times 
the hydraulic conductivity divided by the distance to the GHB head.  This “distance to GHB head” is 
analogous to the bed thickness for other head dependent boundaries.  Saturated thickness is analogous to 
river length.  When importing data for GHBs, remember these equivalencies in case GV does not make it 
obvious. 

Note that the GHB conductance contains information that should come from the cell containing the GHB.  
However, since MODFLOW only sees one conductance number, there is a disconnect here.  If you want to 
keep your GHB cells consistent with the hydraulic conductivity and saturated thickness of the cells that 
contain them, use BCs|Modify\Automatic GHB Update.  This transfers information from the flow model 
properties to the GHB boundary conditions. 

Lakes 
A lake uses the LAK3 Package of MODFLOW2000, MODFLOW2005, and MODFLOW-SURFACT 
Version 3.  Lakes are actually treated as their own separate sub-model by MODFLOW.  In fact, if you look 
at the MODFLOW BASIC Package input file (*.bas), you will see that cells containing lakes are 
designated as inactive cells. Lakes are defined as a collection of Lake boundary condition cells in 
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Groundwater Vistas that have a common lake number (like the reach number for other boundary types).  
All cells having the same lake number are assumed to be part of the same lake in MODFLOW. 

The LAK3 Package has evolved both in MODFLOW2000/2005 and in Groundwater Vistas.  In older 
versions of Groundwater Vistas, all data for each lake were entered on the Lake dialog.  Lake withdrawal 
and  runoff were entered in the Lake dialog, precipitation was derived from the recharge property, and 
evaporation rate was derived from the Evapotranspiration property.  This made editing a lake a bit tricky 
since Groundwater Vistas derived this information from the first cell in the lake.  Unfortunately, it is not 
easy to figure out which cell is being used. 

The newer method of working with Lakes in Groundwater Vistas is to use a spreadsheet like the SFR 
Package.  If you start with an older model that did not use this approach, you can select 
Model|MODFLOW2000|Setup Lake Data.  This takes the withdrawal, runoff, precipitation (recharge), 
and evaporation data for each lake and puts it in the spreadsheet.  Before you do this, select 
Model|MODFLOW2000|Options – LAK3 tab and turn on the option to “Use Spreadsheets to Define…”.  
Then make sure that the maximum number of lakes and maximum number of stress periods are large 
enough for your model.  Once you do this, you can use Model|MODFLOW2000|Lake Data to define 
each lake.  There is one line for each lake and one table for each stress period. 

 
 

Calculation of Lake conductance has evolved through time in Groundwater Vistas.  If you select 
Model|MODFLOW2000|Options – Lak3/RES tab, you can turn on “Use Legacy Lake Conductance 
Calculation” to revert to the older style.  Note that this option will be on if the model you are using was 
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created prior to the change in calculation strategy.  Turn it off to use the more modern approach, which 
should be more consistent with the latest version of LAK3.  You also have another option and that is to 
explicitly define the lake conductance (horizontal and vertical) on the Lake dialog shown above.  Enter the 
2 conductance values and check the box called “Explicitly Define Lakebed Conductance”.  When you 
import a LAK3 Package input file into Vistas, this will automatically be checked and conductances from 
the file will be assigned to the appropriate lake. 

 
 

Flow & Head Boundary 
The Flow & Head Boundary (FHB) Package in MODFLOW is used for contant head or constant flux 
boundary conditions.  The difference between the FHB and the standard well or constant head in 
MODFLOW is that FHB cells define the head or flux using a digitized curve that represents the change in 
head or flux over time.  During each time step, MODFLOW interpolates a head or flux from this curve to 
assign to the grid cell.  The main limitation with this package is that all FHB cells must use the same set of 
time values, defined using Model|MODFLOW2000|Options – FHB tab.  This boundary type is extremely 
useful, though, if you have a constant head or flux cell that needs to change very rapidly.  In this case, a 
normal MODFLOW boundary condition would require a large number of stress periods.  Using FHB, on 
the other hand, only requires a large number of time steps. 

Displaying Boundary Cells 
GV normally displays boundary conditions by filling the cell containing a boundary condition with a solid 
color.  GV also has the capability of displaying a small symbol centered in the cell to represent boundary 
conditions.  By default, GV will display all boundary cells even if you are not in BC mode.  You may 
change this so that GV only displays boundary cells when you are in boundary mode.  All boundary 

condition options, like the ones described here, are edited by selecting BCs|Options or  .  
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Inserting Boundary Cells 
The Insert menu provides options to add boundary conditions to the model individually (Single Cell), in a 
rectangular region (Window), interpolated along a digitized line (Digitize Polyline), or within a digitized 
region (Digitize Polygon).  The currently selected boundary condition type is inserted using these 
commands.  The current type is the one listed at the bottom of the BCs menu with a check mark next to it. 

To insert a single boundary cell, select Insert|Single Cell, move the cursor to the cell where you want to 
add the boundary condition, and click the left mouse button.  A dialog is displayed containing several data 
fields.  A quick way to insert a boundary cell is to move the mouse cursor to that cell and click the right 
mouse button.  Be careful, though, because clicking the right mouse button over an existing boundary 
condition deletes that boundary cell. 

Each boundary condition type has its own dialog, but they all have common fields.  These common data 
include: 

• Row number (node for GVFE type meshes) 
• Column number 
• Layer number 
• Reach number 
• Steady-state Boundary check box 
• Transient Data button 
• Color button 
• Title 

 

Row, column, and layer determine the position of the boundary condition within the model.  The reach 
number is used to group boundary condition cells.  Boundary conditions may be deleted, modified, and 
calibrated by reach number.  You may also obtain a mass balance summary for each boundary reach and 
the flux for a specified reach may be recorded in the automatic sensitivity analysis. 

The steady-state boundary option should be checked if the boundary is active for the entire simulation at a 
constant value.  Uncheck the steady-state option to change the values of head, hydraulic conductivity, flow 
rate, and/or concentration during a transient simulation.  After you uncheck the steady-state option, click 
the “Transient Data” button.  A spreadsheet is displayed with five columns, including  

Starting    the starting stress period number  
Ending   the ending stress period number 
Head (Q for wells) the boundary head (river stage, etc.) or flow rate for wells 
Kv   vertical K for head-dependent boundary conditions (river, drain, GHB) 
Concentration  only used for transport simulations 
Flow   this is the flow in the surface water body for Streams 
Width   width of stream (only used for streams) 

The starting and ending stress period determine the period of time when the specified head, concentration, 
or flow data are active.  Important Note: the starting and ending stress period numbers are integers 
from 1 to the maximum number of stress periods.  You may not enter the time values in days here.  
You may enter as many of these groups of transient data as you wish up to the maximum number of stress 
periods.  The maximum number of stress periods is entered when you initialize the model and may be 
changed using the BCs|Options dialog. 

On the right side of the dialog are data describing the conductance of the boundary condition.  These data 
are unique to each boundary type.  The river boundary condition is a good example, however, since it has 
most of the available data types.  An example river boundary dialog is shown below.  Note that GV will 
compute the conductance of head-dependent boundary conditions (river, drain, general head, stream).  You 
enter the length (L), width (W), hydraulic conductivity (K), and thickness (T) parameters and GV computes 
conductance using the following equation: 
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 C = K L W/T 

When you enter boundary conditions in a window, GV automatically selects the length parameter as the 
maximum cell dimension (the maximum of the column and row width).  For digitized polygons, GV 
automatically sets the length and width parameters to the cell dimensions, i.e., the area term (LW above) is 
the area of the cell. 

For digitized polylines, GV uses the column or row width as the length of the boundary condition in that 
cell.  GV determines which dimension to use based upon the orientation of the line.  If the digitized line is 
longer in the X direction than in Y, GV uses the width of the cell in X (column width) for the length term in 
the conductance calculation. 

 
Boundary conditions may not be inserted in a cell that contains another boundary condition.  The only 
exception here is that Walls (horizontal flow barriers) may be added in cells with another type of boundary.  
When inserting boundaries via the window or digitize options, GV will simply skip cells within the selected 
region that already have a boundary condition. 

The Window command  adds boundary conditions in a rectangular region.  After selecting this 
command, move the cursor to one corner of the desired region and hold the left mouse button down.  Move 
the cursor to the opposite corner and release the mouse button.  A dialog is displayed for the boundary data.  
Each cell within the window will be assigned the same boundary value.  GV determines that a cell is within 
the region if the center of the cell falls within the window. 

The Digitize Polyline command  sets boundary conditions in each cell crossed by the digitized line.  
After digitizing the line you enter boundary data for the beginning of the line and for the end.  GV then 
interpolates values between these two ranges for each cell added along the line.   
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Digitizing is performed by clicking the left mouse button to set points along the line.  You may delete the 
last point entered by clicking the right mouse button.  Double-click the left mouse button to end digitizing.  
If you are not fast enough with the double click, you may see a stray line on your screen.  GV will ignore 
this when setting the boundary values. 

A digitized polygon  is similar to a digitized line except that GV automatically connects the first and 
last point of the digitized line to form a region.  Any cell whose center point is within the region is assigned 
a constant boundary value which you enter on a dialog after completing the digitizing process.  As with the 
Window command, GV assigns the length and width parameters as the cell dimensions for head-dependent 
boundary conditions. 

 

A Note on Chemical Components 
You will note on the dialog shown above that there is a check box labeled Store Data for All Chemical 
Components.  This option was added to conserve memory in GV.  Chemical components are only used in 
RT3D, MT3DMS, and MODFLOW-SURFACT.  Even in these models, they are only necessary if you 
intend to simulate multiple contaminants.  Therefore, the default case is not to store this data in boundary 
conditions.  You should check this box only if you want to inject multiple contaminants through this 
boundary cell.  If you do store chemical component data, you would then need to click the Component C. 
button to edit or enter this data.  GV will display a dialog asking which component to edit as shown below. 

 
After selecting the component number, you will see a spreadsheet for entering the data (see below).  Each 
row in the spreadsheet corresponds to a stress period number. 

 

Deleting Boundary Conditions 
The Delete menu provides options to remove boundary conditions from the model individually (Single 
Cell), in a rectangular region (Window), for a particular Reach, using a digitized polygon, or in the current 
Layer.  You may also use the Clear All command to remove all boundary conditions of the current type 
from the model.  The currently selected boundary condition type is deleted using these commands.  The 
current type is the one listed at the bottom of the BCs menu with a check mark next to it. 
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To delete a single boundary cell, select Delete|Single Cell, move the cursor to the cell where you want to 
remove the boundary condition, and click the left mouse button.  You may also quickly delete a boundary 
cell by clicking the right mouse button in that cell. 

The Window command  deletes boundary conditions in a rectangular region.  After selecting this 
command, move the cursor to one corner of the desired region and hold the left mouse button down.  Move 
the cursor to the opposite corner and release the mouse button.  Any boundary conditions of the current 
type within the rectangular region are deleted.  GV determines that a cell is within the region if the center 
of the cell falls within the window. 

Selecting Reach from the menu displays a dialog where you enter the reach number to delete.  Any 
boundary conditions of the current type in the current layer are deleted if they have this reach number. 

Select Layer from the Delete menu to remove all boundary conditions of the current type from the current 
layer. 

A relatively new option is to delete boundary conditions using a digitized polygon.  To digitize the 
polygon, set the first point by clicking the left mouse button.  Continue clicking the left mouse button until 
you get close to closing the polygon.  Double-click the left mouse button to close the polygon and Vistas 
will draw one more line between the first and last points you digitized.  You can click the right mouse 
button while digitizing to delete the last point on the polygon.  After you double-click, GV will delete any 
boundary condition whose center point is within the polygon. 

To remove all boundary conditions of the current type, choose Clear All. 

Two other special cases are also considered on the BCs|Delete menu.  These include “Below Layer 
Bottom” and “Above Layer Top”.  The first one (below layer bottom) was added because recent updates to 
MODFLOW2005/NWT require boundary heads to be above the layer bottom elevation.  Older versions 
allowed this situation.  An easy fix if you see this error is to simply delete them. 

Editing Boundary Conditions 
The Modify menu provides options to edit boundary conditions individually (Single Cell), in a rectangular 
region (Window), for a particular Reach, or in the current Layer.  The currently selected boundary 
condition type is deleted using these commands.  The current type is the one listed at the bottom of the BCs 
menu with a check mark next to it. 

To modify a single boundary cell, select Modify|Single Cell, move the cursor to the cell where you want to 
edit the boundary condition, and click the left mouse button.  A dialog is displayed containing the data for 
that boundary condition.  The key parameter on this dialog is the combo box in the lower left corner 
labeled “Select option when editing an existing boundary condition”.  The choices for this include 
Replace, Add, Subtract, Multiply, and Divide.  Replace simply takes the new data you enter for the 
boundary condition.  The other options either add, subtract, multiply, or divide the data in the 
current boundary condition by the data you enter on this dialog.  All of the data except for the row, 
column, layer, color, and reach values are effected by what you enter. This also applies to the 
Transient Data spreadsheet!  When using the multiply or divide options, make sure to enter the number 
1.0 for fields that you do not want to change.  Enter a zero for those values that you do not want to modify 
when using the add or subtract options. 

You may also edit a single boundary condition by double-clicking the left mouse button on that cell. 

The Window command modifies boundary conditions in a rectangular region.  After selecting this 
command, move the cursor to one corner of the desired region and hold the left mouse button down.  Move 
the cursor to the opposite corner and release the mouse button.  GV finds the first occurrence of the current 
boundary type within the region and displays a dialog for editing.  Any boundary conditions of the current 
type within the rectangular region are modified using the data you enter on this dialog.  GV determines that 
a cell is within the region if the center of the cell falls within the window. 

Selecting Reach from the menu displays a dialog where you enter the reach number to modify.  GV then 
finds the first occurrence of the current boundary type with the specified reach number and displays a 
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dialog for editing.  Any boundary conditions of the current type in the current layer are modified if they 
have this reach number. 

Select Layer from the Modify menu to modify all boundary conditions of the current type in the current 
layer.  GV then finds the first occurrence of the current boundary type in the current layer and displays a 
dialog for editing.  Any boundary conditions of the current type in the current layer are modified. 

The BCs|Copy command allows you to copy boundary conditions of the current type from another layer to 
the current layer or a range of layers starting with the current layer.  A dialog is displayed, as shown below, 
where you enter the layer number to copy the boundary conditions from.  You can also restrict the copy 
operation to a particular reach number.  You may not copy boundary conditions of another type and if a cell 
already contains a boundary condition, then nothing is copied to that cell. 

 
Editing BC cells can be complicated using the procedure outlined above.  In order to offer a more simplistic 
alternative, the “Simplified Editing” menu command has been added.  The dialog allows you to selectively 
edit certain aspects of BC cells, including head (or flow in wells), reach number, concentration, hydraulic 
conductivity, and stream parameters (flow, roughness, etc).  You can also determine which cells to modify 
using layer numbers, reach numbers, and row/column ranges.  Only those BCs meeting the criteria in the 
“Location of Cells to Modify” area will be modified.  And only those data changed from the default of 
“Not Modified” will be changed. 

There are a couple of special editing features on the dialog shown below.  You can change the head 
assigned to a boundary condition to be relative to the bottom, top, or center elevation of the cell containing 
the boundary.  For example, to make the head 5 feet below the top of the cell, change the edit option next to 
head from “Not Modified” to “Subtract”.  Then activate the next option (Head calculation performed on 
layer) to “Top”, as shown below.  You can also confine the calculation to only be for boundaries with heads 
below layer bottom.  Another special calculation is for river and stream bottom elevation, which can be 
performed relative to head (stage). 

Other options include changing the text assigned to a boundary and also the color.  Special properties such 
as stream characteristics and wall (HFB) thickness appear in the upper right side of this dialog. 
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It is sometimes desirable to change from one boundary type to another (e.g. from constant head to drain) to 
test differing conceptual models.  In the past, the only way to do this was to export BC data, delete the BC 
cells, and import as another type.  Now, you can simply BCs/Modify/Change BC Type to immediately 
change BCs from one type to another.  This can be done for the whole model or for only the current layer.  
You can also limit the change to a particular reach number.  When converting from a constant head to a 
head-dependent boundary type, you must also enter a default conductance because constant heads do not 
have a conductance term.  

Another problem is converting wells to another boundary type.  If this is done, GV will use heads imported 
from a run to set the head of the new boundary type.  Similarly, converting other boundary types to wells 
requires that you have imported cell-by-cell flows from a run.  Those flows are then used in the new well 
cells. 
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Special Types of Boundary Editing 
There are many other specialized boundary editing options on the BCs|Modify menu.  These are 
summarized below: 

Gradient Fill 

The Gradient Fill option allows you to automatically apply a uniform hydraulic gradient across boundary 
conditions in the current layer.  The heads for each boundary of the current type are reset to new values 
based upon a known head at one row and column location.  You also specify the gradient (dimensionless) 
and the direction in degrees (0.0 is east, 90.0 is north, etc.).  If the gradient is positive, the heads increase in 
the specified direction.  Negative gradients cause heads to decrease.  You may also limit the boundary cells 
modified by specifying a minimum and maximum row, column, and reach number. 

Tthe gradient fill option will work on transient boundaries when the reference cell on the gradient fill 
dialog (the cell location where the head is fixed at a known value) is a transient boundary condition.  GV 
uses the transient data of the reference cell as the known values for computing the transient values for all 
other boundary cells.  The gradient and direction are assumed to remain constant with time, but the head 
values assigned to the boundary may change. 
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Copy Stress Period 

The copy stress period command is a fast way to expand a transient model to cover more stress periods.  
This function copies data from one particular stress period for the current boundary type in the current layer 
to a range of stress periods as shown on the dialog below.  You may also select a range of reach numbers to 
further restrict the command.  GV will first prompt to convert steady-state boundary conditions to transient.  
This should be done or the transient copy will not work. 

 
Copy Transient Cycle 

This command copies boundary condition data across a cycle of stress periods.  You enter the number of 
stress periods in the cycle and the stress period where the cycle starts.  In the example below, GV will copy 
stress period 1 to stress periods 13, 25, etc.  GV will then copy stress period 2 to stress period 14, 26, etc.  
You also enter a last stress period to constrain how many periods are overwritten.  There are options to do 
this for recharge and evapotranspiration along with the current boundary type. 
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Copy Dry Cells to Noflow 

This command converts any dry cells in the current model to no-flow cells.  You must have first selected 
Plot/Import Results in order for GV to know that a cell is dry.  This command can be handy for models that 
are experiencing dry cell conditions where the same cells are always dry or should be dry. 

Auto GHB Update 

This command updates the GHB saturated thickness and hydraulic conductivity fields.  GV also resets the 
length and width terms of the conductance fields to those of the cell containing the GHB.  In order to have 
the proper saturated thickness, you should first import heads from the latest simulation by selecting 
Plot/Import Results.  GV will also ask to modify heads too.  If you select YES, then GV will reset the GHB 
heads to the head in the cell containing the GHB. 

Repair Streams 

This command makes sure that stream reachs within a segment start with 1 and increment by one for each 
new cell.  GV also makes sure that there are no missing segments.  In order to choose the new reach 
numbers, you must have entered stream stages for each reach.  GV looks for the stream cell with the 
highest stage as the first reach.  GV then sorts all reaches in each segment and numbers the cells 
downstream.  This command should NOT be used if you did not assign stream stages (water surface 
elevations). 

Synchronize Constant Heads and Initial Conditions 

This command compares the initial heads stored in the initial heads property to the constant heads.  If there 
is a discrepancy, then the constant heads are modified such that the head value will match the initial heads.  
This option can only be used when setting initial heads from the Initial Heads property.  If you are using an 
external starting head file, import it to the Initial Heads property, change the option temporarily on 
Model/MODFLOW/Package Options – Initial Heads tab to use the Initial Heads property.  Then 
synchronize and reset the option to use the external file again. 

An alternate way of dealing with this situation is to select Model|MODFLOW|Package Options – CHDs 
tab, you may remove the check next to “Write Negative 1 in BASIC Input File for Constant Head Cells”.  
When that option is off, constant heads will only come from the CHD Package and not from the BASIC 
Package. 
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Modify Drain Return Flow 

Drain return flow cells are used with the DRT Package.  The benefit of drain return cells is that water 
extracted by the drains is recharged to another location.  For example, you may have a drain representing a 
spring flowing from a deeper layer.  You can have GV automatically recharge this water to the upper layer. 

The “Modify Drain Return Cells” command is a quick way of turning a standard drain into a DRT drain.  
You can modify all drains or only those drains with a certain range of reach numbers.  You can also reset 
the DRT layer to be the highest active layer.  This would work well for the example above where you have 
drains in deeper layers representing springs.  You can also reset the DRT factor from the default value of 
1.0.  The DRT factor multiplies the flux for the drain to compute the amount of water actually recharged.  
A value of 1.0 recharges all water extracted from the drain. 

No-Flow Elevation 

When importing models from other sources into Groundwater Vistas, sometimes the elevations assigned to 
noflow (inactive) cells is not very realistic which makes the cross-section view hard to visualize.  This 
often occurs on models imported from GMS, for example.  This command resets elevations in inactive cells 
to be either the mean elevation of active cells in a layer or the elevation of the nearest cell to the inactive 
cell. 

 
Reach Number from HSU Zone 

Sometimes it is useful to have boundary condition reach number coincide with the Hydrostratigraphy 
(HSU) zone numbers.  This command accomplishes this.  GV will also prompt you to see if you want to 
change all layers.  Answering no to this prompt changes only the current layer.   

Importing Boundary Condition Data 
Text Files 

The BCs|Import|Text File feature provides a way of reading boundary conditions from standard text files, 
such as comma-delimited files (csv) from Excel.  These files may be created from spreadsheets, text 
editors, or customized programs.  Even MODFLOW boundary condition files may be read using this option 
if the model is steady state or only has one stress period. 

Data in the import file may be in any order but the structure of the file must conform to the following 
specifications: 

(1)  there may be any number of lines at the top of the file to label the information.  You will tell GV 
how many lines to skip in this header record. 

(2)  all data beneath the header lines must be in columns, separated by spaces, tabs, and or commas.  
Each line of the file must contain data for one boundary condition and each line must contain the same 
number of columns of information. 

(3)  there can be no extraneous information after the columns of data. 

(4)  data are imported for the current boundary condition type. 
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You enter the name of the file on the Import dialog (a browse button is provided so that you can locate the 
file), the number of lines to skip at the top of the file, and whether the coordinates in the file are in site 
coordinates.  Site coordinates refer to the coordinates of the base map.  Uncheck this option if the 
coordinates are model grid coordinates, with the origin being the lower left corner of the grid. 

Normally Groundwater Vistas does not allow more than one boundary condition per cell.  You can override 
this by clicking on the “Allow Overlapping Boundary Conditions” checkbox.  If you do allow overlapping 
BCs, there is another option to delete stress periods from the overlapped cells.  For drains, there is an 
option to set them as seepage faces for MODFLOW-Surfact only.  For constant value boundary conditions, 
there are separate checkboxes for setting head and concentration values constant.  If the file contains only 
constant concentration boundary conditions, for example, you would check the option for concentration and 
Uncheck the option for heads.  The last option makes all boundary conditions from the file steadystate. 

Beneath these data are three buttons labeled “Coordinate Data”, “Boundary Data”, and “Conductance 
Data”.  You should click each button to edit the information pertaining to these categories of information.  
On each dialog, you enter the column number containing the specific data items.  If the data are not 
contained in the file, enter a zero for the column number.  In some cases, you may also enter default data 
for a particular variable.  In this case, if the data are not in the file, the default value is assigned to each 
boundary condition imported. 

Coordinate Data 

Coordinates entered in the import file may be either row, column (or node) or X,Y data.  You may not mix 
these two data types.  The vertical position of the boundary may be specified in one of three ways: 

(1)  select a column number for the Z coordinate.  This is the elevation of the boundary condition.  GV 
assigns the boundary condition to a particular layer based upon the layer elevations. 

(2)  select a column number for model layer.  GV inserts the boundary condition in the layer specified 
in the import file. 

(3)  set the column numbers for Z and Layer to zero and specify a default layer number.  GV assigns 
all boundary conditions imported from this file to the default layer. 
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Note that if you use node numbering for MODFLOW-USG, the X,Y and row,column values are ignored. 

 

Boundary Data 

Boundary data include head (or flow rate for wells), concentration, bottom elevation (for rivers only), reach 
number, starting stress period, and ending stress period.  You may enter default values for the reach, 
starting stress period, and ending stress period.  The file must contain a column of data for boundary head 
(or flow rate for wells).  The default value for concentration is assumed to be zero if not contained in the 
file.  The default value for bottom elevation (rivers only) is assumed to be 1.0 unit less than the head value 
if not contained in the file. 
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Conductance Data 

Conductance may be entered in the file as the conductance value or as the component parts of the 
calculation (hydraulic conductivity, width, length, thickness).  If the full conductance value is contained in 
the file, GV assigns this value to hydraulic conductivity and assigns a value of 1.0 to the other components.  

You must enter both a column number and default value for each item on the Conductance dialog.  

The bottom of the dialog contains data for stream cells and also data for the SFR2 package where 
unsaturated zone flow is to be simulated beneath streams.    
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MODFLOW Package Input Files 

GV can import an entire MODFLOW simulation when you start a new model design (File|New).  
Sometimes it is also desirable, however, to import an individual MODFLOW boundary condition file later 
on in the modeling process.  You may import any MODFLOW boundary condition file, including well, 
drain, GHB, river, stream, horizontal flow barrier, recharge, and evapotranspiration.  Most of these files are 
imported by selecting BCs|Import|MODFLOW Package.  Recharge and ET are imported by selecting 
Props|Import|MODFLOW Package.   

The most important thing to remember is that these MODFLOW Packages must contain the same number 
of stress periods as your current GV design!  Also, for boundary conditions like wells, drains, etc., you 
should delete the boundaries already in your model because the import command will ignore boundary cells 
in the MODFLOW file if they coincide with an existing boundary condition. 

As GV starts to read the MODFLOW package, a series of questions are asked.  The first is whether the file 
is in free format.  Free format means that there is some sort of delimiter (space, tab, comma) between all 
numbers in the file.  One way to tell is open the BASIC package input file in a text editor.  If the word 
FREE appears in the first few lines of the file, then the model is in free format.  The next question is 
whether the file is in MODFLOW2000 format.  If you are not sure, look in the model name file (usually 
*.nam, *.mfn, or *.modflow.in depending on where the model came from).  If the discretization package 
(DIS) is used then the model is MODFLOW2000.  Next GV will ask if the file contains a column of data 
for the reach number.  If it does, GV will assign this number to the boundary conditions that are imported.  
Note that this is not a standard part of the modflow format so it depends on how the files were created. 

 

Noflow Matrix File 

A no-flow matrix file is a text file containing a matrix of integer numbers.  A zero in the matrix means that 
a cell should be converted to a no-flow cell.  Numbers other than zero are ignored.  As with other matrix 
files in GV, the file must contain only numeric values in layer-row-column order as read in MODFLOW 
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package files.  You may have a header on the file, however, that can be skipped as shown in the dialog 
below.  If the file does not contain data for all layers then the data are imported for the current layer only. 

Surfer Grid File 

SURFER grid files can now be imported to set boundary condition data.  You simply specify the name of 
the file and tell GV if the coordinates are site or model coordinates as shown below. 

  
GV then imports the file and looks for any boundary cell of the current type in the current layer that has the 
option Computed Boundary Condition checked.  When such a cell if found, GV interpolates a new 
boundary head value (flow rate for wells or stage in rivers and streams) for that cell from the SURFER grid 
data. 

You also have the option of applying the SURFER interpolated data to all layers and for transient models to 
a range of stress periods. 

Model Base/Top from Surfer 

SURFER files may also be imported to set the base of the model.  This does not effect the layer elevations 
but rather makes any cell below the SURFER contour map a no-flow cell.   

  
You simply provide the name of the surfer file and whether it is in site or model coordinates.  Groundwater 
Vistas reads the file and looks at any row and column location that lies within the range of the SURFER 
file.  For each row/column location, any cell that lies below the elevation interpolated from the SURFER 
grid at the center of the cell is made a no-flow cell.  A cell is assumed to lie below the SURFER grid if the 
elevation of the center of the cell is below the SURFER data at that location.  This feature is particularly 
useful when constructing a model with flat layers but where the bottom of the aquifer is uneven. 

Shapefile 

Groundwater Vistas can import boundary condition data from ArcView GIS Shapefiles.  After browsing to 
find the shapefile you want to import, GV displays a dialog.  You simply match fields in the shapefile 
database with characteristics of the boundary condition.  All of the shapefile imports also distinguish 
between the parent grid and quadtree/nested grids in MODFLOW-USG.  You can import a shapefile for 
both parent and nest/quadtree or you can exclude on type of grid from the import. 

The dialog that is displayed depends on whether the shapefile is point, polyline, or polygon.  For points, 
polygons and polylines without data for both ends of each line, the dialog looks like the one shown below.  
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For transient boundary conditions, you can either add transient data to existing boundary conditions (in 
which case the shapefile database should contain data for one stress period) or you can have all stress 
periods in the attribute table.   If the latter is chosen, then you identify the field containing the first stress 
period data for head (stage for rivers, flow for wells) and for concentration.  GV then assumes that the head 
and/or concentration data are to the right of the first stress period data.  Stress period number should NOT 
be in the database when importing data for all stress periods. 

The boundary elevation field can contain either an elevation (in which case GV will find the layer 
containing the boundary condition) or a layer number (in which case you need to check the option labeled 
“elevation field contains layer number”).  If no elevation is assigned, then GV will place the boundary 
conditions in the current layer. 

Conductance can either be imported as the full conductance term (Conductance field above) or as all 
components.  If you enter a field name for Conductance then GV assumes that only the full conductance 
will be imported. 

For polygons, there is also an option to exclude cells that have less than a certain relative area of overlap 
with the shapefile polygons.  This number is between 0 and 1.  A value of 0.5 means that if less than half of 
a cell is within the polygon, then that cell will not be selected for a new boundary condition. 

For polylines there is an option at the top to compute the exact length of the line within each cell and then 
to exclude lines less than a certain length.  It is recommended to use this option in most cases. 

For polyline shapefiles where there is data for both ends of the polyline, the following dialog is displayed: 
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In this type of import, values for fields that have both ends of the line will be interpolated from one end to 
the other using linear interpolation.  If you want to use the same value for the entire line, then use the same  
field name for both beginning and end of the line.  As with the previous import, you have the option of 
computing the exact line length within the cell.  It is recommended that you use this option.  Otherwise, 
Vistas will use the cell width as the length of the boundary condition in the cell. 

Shapefile Contours 

This command works like importing a SURFER grid file for computed boundary conditions.  GV imports 
the file and looks for any boundary cell of the current type in the current layer that has the option 



Groundwater Vistas Version 7 Page 97 

Computed Boundary Condition checked.  When such a cell if found, GV interpolates a new boundary head 
value (flow rate for wells or stage in rivers and streams) for that cell from the shapefile contours.  GV 
interpolates by taking the vertices from the contours and using those as scattered data.  The interpolation is 
done using a nearest-neighbor calculation.  The only other option is to choose the field in the shapefile 
database that is to be interpolated. 

 

Exporting Boundary Conditions 
When you create modflow data sets, Groundwater Vistas will write a text file for each boundary condition 
type (e.g. River Package input file).  If you would like to have the data in a more generic format, use 
BCs|Export to export boundary conditions of the current type to a file.  There are currently just two types of 
boundary condition exports, text and shapefile.  The text export writes one line of data for each boundary 
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condition cell and for each stress period it is active in.  So if a boundary condition is active in stress periods 
then you will have 10 lines of data for that cell.  The file format is comma-delimited. 

When exporting a boundary condition shapefile there are several options as shown on the dialog below: 

 
The shapetype can be either polygon (the shape of the cell) or node (point).  If you include all boundary 
types, then you get one field that shows the boundary condition type in each cell but you then do not get 
any detailed information like head or concentration for that cell. 

Grid-Independent Boundary Conditions - Wells 
Grid-independent boundary conditions are those boundaries that are defined by X and Y coordinates rather 
than row and column locations.  They are called Analytic Elements in GV and include wells, line 
boundaries, polylines, polygons, and circle boundaries.  These boundaries can be convenient to use in GV 
because they are unaffected by changes in grid spacing or position.  The AE menu allows you to insert new 
analytic elements into the model in the current layer.  Each of these items is described below. 

General Information 
Select Well from the Add menu to insert a pumping or injection well in the GV model.  After selecting 

Well or choosing  on the toolbar, move the cursor to the new well location and click the left mouse 
button or press Enter.  A dialog will be displayed to enter the well characteristics, including the pumping 
rate (Note: a negative pumping rate indicates production and a positive rate is for injection; units are in 
L3/T, e.g., ft3/d), pumping level, screen and casing radius, X and Y coordinates, top and bottom layer 
containing the well screen, and an optional well name.  You may also specify the font style, font size, and 
relative location of the well name. 

In addition to defining the top and bottom layer, you an also specify elevations for top and bottom of 
screen.  If you would like Vistas to use these elevations in assigning flow rates to layers, then also check 
the box that says “Use Elevations to Allocate Flow Rates”.  If you do NOT check this option then 
elevations are ignored.  Also note that if you have wells in sublayered nested grids for MODFLOW-USG, 
you must use elevations otherwise Groundwater Vistas will not be able to assign the well to the correct 
sublayer. 
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Wells may be sources of contamination in the transport model when they are injecting water into the 
aquifer.  In this case, you may specify a concentration associated with the injected water.  Note that due to 
dilution the concentration in the aquifer will usually be much less than the injection concentration.  Also 
the use of components works the same as for boundary conditions (see last section). 

There is a well type field on the main Analytic Well dialog.  Note that this is only used for legacy models 
for the South Florida Water Management District which has a version of MODFLOW with multiple well 
packages.  For all other models, leave this option set to “Standard”. 

Wells may be either steady-state or transient.  Click on the option labeled “Steady-state Pumping Rate” to 
make the well steady-state.  This means that the well will pump continuously at the specified rate even in a 
transient model.  If this option is not checked, then you must click on the “Transient Data” button and enter 
pumping rates and injection concentration for model stress periods.  You may turn the well on and off using 
the starting and ending stress period fields of the transient data dialog.  For example, suppose your model 
has 10 stress periods.  Let’s assume that the well begins pumping at 10,000 ft3/d during the second stress 
period and shuts off at the end of stress period 4.  The well then begins pumping again at 20,000 ft3/d in 
stress period 8 and continues pumping through the rest of the simulation.  The transient data screen would 
look like the following: 

Starting Ending Head (Q for Wells) Concentration Flow 

2 4 10000.0   0.0  0.0 

8 10 20000.0   0.0  0.0 

 

Another well option is labeled “Monitor Head/Conc vs. Time”.  Click this option to record head, 
drawdown, and/or concentrations at each time step.  These data may be plotted or exported to files for 
processing in another program.  The export file format is a delimited ASCII file that can be imported into a 
variety of other applications, such as Microsoft's Excel spreadsheet. 

At the bottom of the main dialog, there are options for using the analytic well for special MODFLOW 
Packages.  These include MNW1 and MNW2 for MODFLOW2000/2005/NWT, CLN wells for 
MODFLOW-USG, and Fracture Wells (FWL4 and FWL5) for MODFLOW-Surfact.  If you want to use the 
well for one of those packages, turn on the option that says “Use as Fracture…”.  There is a second 
checkbox to use if you want to use the MODFLOW-Surfact FWL5 package.  This is added because it is 
possible to use both FWL4 and FWL5 and Vistas needs to know which well goes with each package. 

Below the special package checkbox is a pumping level.  This is not used for the CLN package but for the 
others this represents the elevation where pumping becomes zero.  These other packages (FWL4, FWL5, 
MNW1, MNW2) will reduce flow to maintain this elevation if the well cannot pump the full amount 
specified.  As a special note, if the well is injecting water this elevation should be a large number (e.g. 
above land surface) if you do not want to limit the injection rate. 

A reach number is specified at the bottom of the dialog.  Currently this number is only used for mass 
balance calculations. 
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There are additional tabs for the fracture well, multi-node well, and CLN well options.  These are described 
in the following sections 

Fracture Wells 
GV supports the new Fracture Well Packages FWL4 and FWL5 in MODFLOW-SURFACT.  MODFLOW-
SURFACT is an advanced version of MODFLOW developed by HydroGeoLogic, Inc.  It is available as an 
add-on to Groundwater Vistas but does not come with a normal Groundwater Vistas license. 
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Well-bore storage effects may be simulated by clicking on the “Include Storage Effects” option.  You must 
also enter values for the Screen Radius and Casing Radius on the GV dialog to use this option.  FWL5 also 
allows entering a skin factor for the well. 

MNW Wells 
GV supports the MNW1 and MNW2 Packages for MODFLOW2000/2005/NWT.  There are several 
options at the top of the MNW tab that are common to both packages.  The options at the bottom of the 
dialog are only used in the MNW2 package.  Names in parentheses represent variable names from the 
MNW documentation’s data input guide.  You should read the USGS documentation on these packages 
before using them. 
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CLN Wells 
GV supports the CLN Package of MODFLOW-USG.  CLNs are used in Vistas as wells and also as 
polylines for conduits and streams.  The options for CLN are shown below.  As with other packages in 
Vistas, the names in parentheses represent the variable names of the data input guide for MODFLOW-
USG.  You should read this guide to understand these options. 

CLNs have node numbers that are independent of the MODFLOW grid.  Groundwater Vistas numbers 
CLN nodes starting with the CLN polylines.  The CLN wells are numbered after the polylines in order that 
the wells were entered in GV.  By default there is one CLN node per layer penetrated by the well.  There is 
an option under Model|MODFLOW-USG|Options – CLN tab, however, that allows you to use only 1 CLN 
node per well.  In this case the well still connects to the layers that are penetrated but only uses one vertical 
CLN node.  This may be important for transport simulations if you are having convergence issues using 
multiple CLN nodes. 

Normally CLN well nodes only connect to adjacent nodes in the same well.  You can add other connections 
at the top and bottom of the well to attach the well to CLN polylines.  To do this first check the box that 
says “Connect to Other CLN Nodes”.  Then enter the node number for top and/or bottom. 
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Allocating Well Rates 
If you do not specify the well as a Fracture, CLN, or MNW Well, GV will allocate pumping rates between 
the model layers based upon the transmissivity of the layers.  Note that screen radius, casing radius, and 
pumping level do not have any effect if you are not using these packages.  Normally well rates are allocated 
based on the full transmissivity of each layer penetrated by the well (defined using top and bottom layer of 
screen).  There is also an option called “Use Elevations to Allocate Flow Rates”.  If this option is selected, 
then elevations for the top and bottom of screen are provided.  These elevations are used to compute the 
transmissivity used in allocating well rates. 

Editing Analytic Wells 
There are several ways to edit the analytic wells.  As with any Analytic Element in GV you can double-
click the well while in Analytic mode (A button pushed down on toolbar).  You can also see all wells in a 
list using Edit|Analytic Element List.  You can edit and delete wells from this list.  To select a well, click 
on it with the left mouse button and it turns solid blue.  Now you can delete this well using Edit|Delete or 
by pressing the Del key on the keyboard.  To select multiple wells, hold down the shift key while clicking 
on them.  If you want to select them all to modify or delete, use Edit|Select All|Wells.   
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You can also select groups of wells using Edit|Select By|Layer-Group-Reach, Window, Polygon, or Name.  
When selecting by window or polygon, you will digitize that feature and then any well inside will be 
selected.  When selecting by name, any well with the characters you enter (anywhere in the name) will be 
selected.  Note that the letters in the name are case sensitive. 

To edit a particular well by its name, use Edit|Find|Well.  Enter all or part of the name, remembering it is 
case sensitive.  After entering the name, GV will display the dialog for that well.  If there is more than one 
that has the specified characters in its name, then clicking OK or Cancel on the well dialog will bring up the 
next one in the list. 

There are several other automated ways of editing wells.  These commands are found on the 
AE|Modify|Wells menu.  They are described below. 

Transient Copy 

When selecting this option, GV will first ask if you want to convert steadystate wells to transient wells.  If 
you say yes, the transient data spreadsheet is filled with the same steadystate pumping rate.  Next a dialog 
with options is displayed 

 
You can copy pumping rates from one period to a range of periods and also constrain the copy to certain 
reach numbers.  The BCs|Modify|Copy Transient Cycle documented in the last section also works on AE 
wells. 

 

Display Options 

The Display Options command changes the way that Vistas draws wells.  These options include well size 
(in model units of length – e.g., feet), whether to turn on/off names, well name fonts, reset the dX and dY 
values for names, and an option to draw wells regardless of layer (so you can see them all) 

 
If you turn on well names and you cannot see them, try resetting dX and dY values.  That will generally fix 
this issue. 
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Flow Rates 

This command allows you to change pumping rates for certain wells.  

 
The first option can replace the rates with the one you enter or can use addition, subtraction, multiplication, 
and division to modify the rate.  For transient wells you can select a range of stress periods.  By default all 
AE wells are affected.  You can narrow the selection based on wells within the current HSU zone (use 
Props|HSU Options to select this zone number), or a range of reach numbers.  If you use the “selected 
wells” option, only wells that are currently selected (see previous sections on how to select wells) will be 
modified. 

 

CLN Properties 

This command gives you the flexibility of changing selected CLN properties on all wells or a subset. 
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The options for which wells are affected include the currently selected wells, wells in certain layers, and 
wells with certain reach numbers or a combination of all of these.  This command can also convert from a 
normal well to a CLN well.  The checkboxes on the left side of the dialog allow you to change only certain 
features.  Only the items checked will be modified. 

MNW Properties 

Like CLN properties, the MNW properties can also be changed using this command. 

 
The same options for selection of wells to be modified exist for MNW.  Unlike CLN, though, all properties 
on this dialog are changed in the selected wells. 

Copy MNW Properties to CLN 

It is common to convert from a MODFLOW model that uses MNW wells to an unstructured grid for 
MODFLOW-USG with CLN wells.  This command copies the options from MNW so that the CLN 
representation is as close as possible to what MNW is simulating.  There is no one-to-one comparison 
between MNW and CLN options but this command is as close as we can make it. 
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Change Status of CLN/MNW/FWL Wells 

Essentially this command turns the CLN/MNW/FWL option for analytic wells on or off.  You can restrict 
the wells affected by this command to only selected wells, those in certain layers, and/or those with a range 
of reach numbers.  You may find that the model is unstable with certain wells begin simulated as either 
CLN, FWL, or MNW and this command gives you the flexibility to turn them off and then back on again.  
Note that the well still exists and will be present in the normal MODFLOW WELL package if you turn it 
off for CLN, FWL, and MNW. 

 

Importing Analytic Wells 
Analytic wells can be imported from text files or shapefiles using AE|Import|Well Text file or 
AE|Import|Shapefile. 

Text files read by this well import procedure must have the same number of columns of data in the file after 
skipping a given number of lines.  Data on each line of the file must be delimited by either a comma, space, 
or tab.  Multiple consecutive spaces are treated as one delimiter.  However, multiple commas or tabs are 
treated as zero values.  Well names must not contain quotes or spaces. 

The default settings are shown on the dialog below.  The numbers at the bottom of the dialog next to items 
such as X Coordinate and Flow Rate refer to column numbers in the data file.  In the example, the X 
coordinate will be read from column 1, the Y coordinate from column 2, etc.  Note that you may enter 
either layer number or elevations of the well screen.  When choosing the latter, GV will decide which 
layers contain the well based upon the elevation of the top and bottom of the screen.  Also, you may choose 
either X and Y coordinates or Row/Column, but not both. 

As with other text file import routines in GV, you must tell GV whether the X and Y coordinates of the 
target are in site coordinates or model coordinates.  You can also skip a given number of lines at the top of 
the file.  For example, you could have a text line at the top of the file to label the columns and give a 
description of what the file contains.   

Most checkbox options on this dialog are self-explanatory but some require further explanation.  
Remember that MODFLOW assumes negative pumping rates are extraction and positive values are 
injection.  You may use the “Multiply All Well Rates by -1.0” option if your extraction rates are positive 
numbers.  The “Allocate Pumping Rates Based on Screen Elevation” means that GV will read the screen 
top and screen bottom values, store them with the well, and use those elevations to determine whether the 
well partially penetrates a layer.  If you read in screen elevations (as opposed to layer numbers) and do not 
check this option, GV will figure out which layers penetrated but assumes that all layers are fully 
penetrated. 

There are three ways of importing transient pumping rates for the wells.  If you check the option called “All 
Data on One Line …”, GV will assume that the column number entered for Flow Rate is the rate for the 
first stress period.  Data for subsequent stress periods must then appear in order in columns to the right of 
the rate for the first stress period.  You may not skip stress periods using this approach. 
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Using the second option for transient wells, you enter the starting stress period number, ending stress 
period number, flow rate, and concentration on the line immediately following the line defining the well.  A 
column in the header line must be used to tell GV how many transient data lines to read.  The data on the 
transient data line must be in the order given above and all values must be there.  If concentration data are 
not needed, just enter a zero.  An example transient well import file is shown below. 

X, Y, Layer, NumberOfStressPeriods 

100.0, 200.0, 1, 5 

 1, 1, -10000.0, 0.0 

 2, 2, -20000.0, 0.0 

 3, 3, -30000.0, 0.0 

 4, 4, -36000.0, 0.0 

 5, 5, -32000.0, 0.0 

300.0, 500.0, 1, 3 

 1, 3, -20000.0, 0.0 

 4, 4, -30000.0, 0.0 

 5, 5, -40000.0, 0.0 

The final method of importing transient wells is to have the well flow rate history stored in a separate file.  
The data shown above are in the first file.  To read the rate history for a second file check the box that says 
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“Transient Data Contained in Separate File” at the top of the dialog.  Then click the “Browse” button next 
to that option to provide further information as shown below: 

 
After providing the file name at the top, you must provide the column containing the well name, the 
column containing pumping rate, and the column for date.  The name field in this second file MUST 
MATCH the names provided in the first file and they are case sensitive.  This is one of the only places in 
Vistas where you relate the model to actual time in years and days.  You must tell GV the starting time of 
the model and the format of the date field.  Dates can also be in separate columns (e.g. year, month, day) 
and can optionally include time. 

Groundwater Vistas will determine the stress period for each rate that is entered.  If the date is before the 
simulation time or after the end of the simulation, then those rates are ignored automatically. 

Shapefiles 

Analytic wells can also be imported from shapefiles using AE|Import|Shapefile.  You browse for the 
shapefile and change the Element Type to “Well”. 

 
A second dialog is now displayed where you tell Vistas how to read the shapefile database and also choose 
various options for the wells in the shapefile. 
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The dropdown lists at the right of the dialog contain all fields in the Shapefile.  Just pick the one that goes 
with the feature listed on the left.  In the example above, the NAME field goes with Well Name.  For 
transient wells, the shapefile can contain one pumping rate value and that value can be added to existing 
wells using the stress period field or the shapefile can contain multiple pumping rates (one for each stress 
period).  If the latter is the case, then select the first stress period pumping for the Well Flow Rate field.  
GV assumes then that the remaining rates are to the right of the first field in the database. When entering 
multiple transient well flow rates, there must be one flow rate field for each stress period in your model and 
they must be in order. 

Click the “Screen Elevation Field Contains Layer Number” if the database contains layer numbers.  
Otherwise, GV will assume that the database contains elevations and will decide where the well goes based 
on layer elevations in your model.  If you do not select any field for Screen Elevation, then GV will put all 
the wells in the current layer. 
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Exporting Analytic Wells 
Analytic wells can be exported as text files (comma-delimited) or shapefiles.  Use AE|Export|Well Text file 
or AE|Export|Well Shapefile for these two formats.  When exporting text files, GV will ask if you want to 
export in site coordinates.  Choosing NO will export in model coordinates with the origin in the lower left 
corner of the model grid.  Shapefiles are always exported in site coordinates.  In addition, if you have 
chosen to change from meters to feet (or vice-versa) under Edit|GIS Options, then those conversions are 
also performed.  If you need a projection file for the shapefile, that can also be selected under Edit|GIS 
Options. 

When exporting analytic wells from a transient model, there are two other prompts from GV.  The first is 
whether to export transient data one per line.  This creates a well export that can be read back in for BC 
wells.  Note that this format CANNOT be read back in for analytic wells.  The second prompt asks whether 
data for all stress periods should be exported even if the well is not active during that period.  The reason 
this is done is to give a complete set of stress periods for the well.  If the well is not active during that 
period, a zero rate is exported.  This may not be a good idea if you are using MNW, FWL, or CLN wells 
since having a well active before it is installed may simulate passive flow between layers through the bore 
hole. 

Line Boundaries 
Line boundaries are linear features that are analogous to drains, river reaches, or trenches.  After selecting 

Line Boundary  (  on the toolbar) from the menu, you move the cursor to one end of the new line, click 
the left mouse button and drag the cursor to the other end of the line.  Release the mouse button when you 
are finished.  A dialog will then prompt for the data defining the line boundary characteristics.  These data 
include the head or flux rate (Note: a negative flux rate specifies discharge and a positive rate represents 
recharge or injection), boundary conductance data, type of boundary condition, coordinates for the 
endpoints of the line, and an optional name for the line.  You may also specify the font style, font size, and 
relative location for the line name. 

Line Boundaries may represent constant head, constant flux (well), river, drain, or general head boundary 
conditions.  They can also be used for horizontal wells using the MNW1 Package.  These boundary 
conditions are created when you create model data sets (e.g., for MODFLOW).  GV determines what cells 
are crossed by the line and assigns the boundary condition you select.  When two or more line or circle 
boundaries cross the same cell, only the first feature entered is used.  The order of entry may be determined 
by selecting Edit|Analytic Element List.  A dialog will display the grid-independent boundary conditions 
in the order entered in the model. 

GV computes the conductance term for line boundaries that represent head-dependent flux boundary 
conditions (river, drain, or general head).  The conductance term is computed using the following equation: 

 C = K W L/T 

where C is conductance (L2/T; e.g., ft2/d), K is hydraulic conductivity of the boundary (L/T; e.g., ft/d), W is 
the width of the boundary condition, L is the length of the boundary condition within the cell, and T is the 
thickness of the sediments lining the boundary condition.  You enter all of the data on the dialog except for 
the length of the boundary within the cell.  GV computes the length of the boundary that passes through 
each cell and computes the conductance term from the equation listed above. 

For constant flux line boundaries, GV computes the length of the line within each cell that it passes through 
and multiplies the length by the flux per unit length entered on dialog to come up with the total flow rate. 

Line boundaries may also be sources of contamination.  You may enter a concentration value in the dialog.  
If the line is recharging the aquifer (injecting water), the concentration is applied to the injected water just 
like an injection well described above. 
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Circle Boundaries 
Circle boundaries are circular regions that may be defined as constant head, constant flux (well), river, 

drain, or general head boundaries.  Select Circle Boundary from the Add menu or  from the toolbar.  
Now, move the cursor to the center of the circular region and click the left mouse button.  Hold the left 
mouse button down and drag the cursor to the desired size of the circular area.  Release the mouse button 
when you are done.  A dialog then asks for data relating to the circle boundary.  These data include the 
head or recharge rate (positive for production and negative for injection with units of L/T, e.g., ft/d), the 
radius of the circle, the coordinates of the center of the circle, and an optional name for the boundary.  You 
may also specify the font style, font size, and relative location for the name. 

GV computes the conductance term for circle boundaries that represent head-dependent flux boundary 
conditions (river, drain, or general head).  The conductance term is computed using the following equation: 

 C = K A/T 

where C is conductance (L2/T; e.g., ft2/d), K is hydraulic conductivity of the boundary (L/T; e.g., ft/d), A is 
the area of the boundary in the cell, and T is the thickness of the sediments lining the boundary condition.  
You enter all of the data on the dialog except for the area of the boundary within the cell.  GV computes the 
area of the boundary that passes through each cell and computes the conductance term from the equation 
listed above. 

For constant flux line boundaries, GV computes the area of the circle within each cell that it passes through 
and multiplies the area by the flux per unit area entered on dialog to come up with the total flow rate. 

Circle boundaries may be sources of contamination if a concentration value is entered in the dialog.  Only 
infiltrating boundaries may be contaminant sources. 

Polyline Boundaries 
A polyline boundary is similar in nature to the line boundary except there are multiple lines.  To create a 
polyline, you click the left mouse button to start the polyline and then keep clicking the left mouse button 
as you move the mouse.  To end the polyline, double-click the left mouse button. 

GV will then display a dialog to define the parameters for the polyline.  There is one set of values for the 
first point of the polyline and another set for the last point of the polyline.  GV will then use linear 
interpolation between the end-points.  At the bottom of the dialog you enter the layers containing the 
polyline and the boundary type for the line. 

You can edit the location of the line once it has been digitized.  If you hover the mouse cursor over a vertex 
of the line, the cursor will change to a left-right arrow cursor.  At that point you can hold the left mouse 
button down and move the vertex.  If you hover the mouse over the line and you get the 4-arrow cursor, 
holding the left mouse button will move the entire polyline. 

Polyline boundaries are also used for conduit features for the Conduit Flow Process (CFP).  See the 
Chapter on “Running Simulations” for more information on using CFP in Groundwater Vistas. 

There are also two special types of polyline boundaries.  One is a CHF Polyline and the other is a CLN 
Polyline.  The CHF Polyline is for the CHF Package of MODHMS.  There is a separate documentation for 
using MODHMS in Groundwater Vistas.  The CLN Polyline is used with MODFLOW-USG.  See the next 
section for information on this type of polyline. 

CLN Polylines 
CLN Polylines are used in MODFLOW-USG to simulate subsurface conduits (e.g. karst features), adits and 
shafts in mines, or surface streams.  These are added using AE|CLN Polyline for hand digitizing or via a 
shapefile import (AE|Import|Shapefile).  CLN polylines have their own node numbering, starting with 1.  
CLN wells are numbered after any CLN polylines when the CLN Package is created. 



Groundwater Vistas Version 7 Page 113 

CLN nodes are at the center of each line segment of a CLN polyline.  In the example model shown below, 
there are two CLN polylines.  The first one has 3 nodes (numbered 1 through 3) and the second has 2 nodes 
(numbered 4 and 5).  Node numbering is activated using Model|MODFLOW-USG|Options – CLN tab.  
The number in parentheses is the polyline number which is not really used for anything but is show so that 
you can tell where a new polyline starts. 

 
Each time you add a new CLN polyline, Groundwater Vistas computes the next available CLN node 
number and assigns that to the beginning node of the polyline.  Nodes are then numbered sequentially from 
one line segment to the next on that polyline.  You should never change the starting node number of a cln 
polyline unless you want to manually renumber all of the other polylines. 

The best way to input a complex set of CLN polylines is through a polyline shapefile.  Use 
AE|Import|Shapefile, and change the type to CLN polyline.  Then a dialog is displayed with several 
options, as shown below. 
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As with all shapefile imports in Groundwater Vistas, you match up the attribute database fields with 
characteristics of the CLN polyline.  You can either specify the radius of the conduit explicitly or you can 
provide a width and depth.  The latter is convenient when you want to simulate a surface stream.  The 
radius is computed to give the desired width and depth of a partically filled circular conduit.  Currently, 
circular conduits are the only cross-sectional shape supported by CLNs. 

Other options at the bottom of the dialog control how GV automatically connects multiple CLN polylines 
and the minimum length of a CLN node.  The tolerances are used to figure out if two end points should 
connect and if a polyline endpoint connects to a line segment in the middle of the polyline.  These are 
extremely useful to make sure that polylines are automatically connected during the import. 

The last couple of options determine the flow conditions (laminar or turbulent) and the connectivity 
equation used to connect the CLN to the groundwater node is crosses.  Note that turbulent flow conditions 
are only used in the Beta version of MODFLOW-USG at this time. 
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There are many options related to CLN polylines.  The dialog shown below is for the first polyline of the 
example shown above.  You choose the CLN type (circular is the only type currently), flow condition 
(laminar and turbulent), direction of the conduit (horizontal in this case), radius, and hydraulic conductivity 
of the conduit (CONDUITK in the MODFLOW-USG data input guide).  The latter has a different meaning 
for each type of flow condition.  For turbulent flow using Manning’s equation, the CONDUITK is the 
Manning coefficient of roughness. 

The first field is the global node number for the first node in this polyline.  Groundwater Vistas will 
automatically set this value and you should not change it unless you know what you are doing.  The fields 
at the bottom are the elevation and starting head and starting concentration at beginning and end of the 
conduit.  When you change these, Vistas will linearly interpolate the remaining nodes.  Make sure that the 
starting head values are above the elevation values or the conduit will start out dry in the simulation. 
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To see the elevation, starting heads, and concentrations of each node, click the “Node Properties” button.  
You can make edits to these values here.  CLN polylines have an IBOUND array just like MODFLOW 
groundwater nodes.  A value of one means the node is active and zero is inactive.  A different IBOUND 
array is available for each stress period so the CLN polyline can turn on and off or partially on and off 
during the simulation.  Click the IBOUND button to see the spreadsheet for the current polyline.  Note that 
if you turn nodes on and off that you need to activate the Transient Ibound (TIB) Package under 
Model|MODFLOW-USG|Packages. 

The Groundwater Connection tab has the properties of the connection between the CLN and the 
groundwater node it crosses.  There are different options at the top followed by skin factor and (optional) 
sediment thickness.  You also have the option of how many nodes to connect the CLN to.  This option is 
under Model|MODFLOW-USG|Options – CLN tab.  You can connect CLN polylines to just one 
groundwater node or to every node it crosses.  If the latter you can also specify a minimum connection 
length.  If you choose one node, then the groundwater node containing the center point of each line 
segment is chosen. 

The BCs tab specifies boundary conditions in the CLN.  These are the same boundary types as 
MODFLOW and can be at either the beginning or ending node of the CLN.  Boundary types include well, 
constant head, drain, river, GHB, and QRT (sink return flow – see next chapter for an explanation of QRT).  
These boundary conditions can be steadystate or transient.  When these boundaries are added to the 
MODFLOW input files, the node number is what’s called the global node number.  The global node 
number in CLNs is the highest groundwater node number plus the CLN node number.  The only exception 
is for wells, which use the CLN node number instead. 
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The last tab defines how the CLN polylines connect to each other.  It is assumed that all line segments of a 
polyline represent CLN nodes that connect to each other in the order they are digitized.  You can connect 
different CLN polylines together, however, but this is done explicitly. 

In the example shown below, the end of this first polyline (which is node 3) connects to node number 4 on 
the second polyline.  These connections need to be symmetrical, so that the starting node on the second 
polyline should connect to node 3 (end of polyline 1).  If you forget or make a mistake, GV will usually fix 
this while it writes out the CLN input file and put an error in the error/warning file. 
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Global CLN options that apply to all CLNs are provided on Model|MODFLOW-USG|Options, on the CLN 
tab, as shown below.  Many of these have been discussed above.  Note there is a separate head file for 
CLNs.  The CLN network computes its own head values and these can be saved to a binary file just like for 
the groundwater heads.  Specifying a non-zero CLN head-save file unit number will create this file.  If the 
first stress period is steadystate (or there was a previous steadystate model providing starting heads to the 
current model), you can choose to read those heads from a CLN head save file.  This can speed 
convergence just like in a normal MODFLOW run. 



Groundwater Vistas Version 7 Page 119 

 

Polygon Boundaries 
A polygon boundary is similar in nature to the polyline boundary except the data defining the boundary is 
for an area covered by the polygon.  To create a polygon, you click the left mouse button to start the 
polygon and then keep clicking the left mouse button as you move the mouse.  To end the polygon, double-
click the left mouse button and GV will draw one additional line between the last point and the first point to 
close the polygon. 

GV will then display a dialog to define the parameters for the polygon.  There is one set of values for the 
area of the polygon.  Any cell whose center is within the polygon will be considered part of the polygon.  
At the bottom of the dialog you enter the layers containing the polygon and the boundary type for the line. 

You can edit the location of the polygon once it has been digitized.  If you hover the mouse cursor over a 
vertex of the polygon, the cursor will change to a left-right arrow cursor.  At that point you can hold the left 
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mouse button down and move the vertex.  If you hover the mouse over the polygon and you get the 4-arrow 
cursor, holding the left mouse button will move the entire polygon. 

 

Defining Aquifer Properties 

Concepts 
GV defines many different properties that are represented in the model as either a matrix or in zones of 
equal value.  Many of these parameters are hydraulic or transport properties, including the following: 

- hydraulic conductivity (Kx, Ky, Kz), 

- storage coefficient (S or Ss, specific yield, porosity), 

- vertical leakance coefficient, 

- layer bottom elevation, 

- layer top elevation,  

- dispersivity (longitudinal, transverse, transverse vertical, longitudinal vertical), 

- chemical reactions (Kd, Bulk Density, Half-life),  

- diffusion/half-life on soil (SP2, diffusion, half-life for sorbed contaminants), 

- interbed storage parameters (no delay bed), 

- interbed storage parameters (delay bed), 

- dual-domain (fracture),  

- hydrostratigraphy. 

- Unsatured zone properties 

- Sea Water Interfaces (SWI2 Package only) 

- Bubble Pt./Dual Domain Transport 1 (MODFLOW-USG only) 

- Dual Domain Transport 2 (MODFLOW-USG only) 

 

Other types of parameters include boundary conditions and initial conditions, as follows: 

- recharge, 

- evapotranspiration,  

- initial concentrations, 

- initial heads. 

There are also a set of properties under MODHMS Properties menu.  These are only for the MODHMS 
model and are documented in a separate guide to using MODHMS in Groundwater Vistas.  

Each property may be assigned using the zone database or using a matrix of values.  This is described in 
more detail in the Concepts chapter.  You set whether a property uses the zone database or matrix by 
selecting Props/Options, as shown below: 
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By default, layer elevations and initial heads are assigned as matrices and the remaining properties use 
zones. The discussion below describes how you work with both matrices and zones. 

The “Matrix Number to Display” determines which of the four possible matrices are color flooded and 
manipulated in the Props|Property Values|Matrix Editor.  These matrix numbers are in the same order as 
displayed in the zone database.  For example, Kz is matrix 1, Ky is matrix 2, and Kz is matrix 3.  The 
following table shows the contents of each property and the matrix numbers (properties not contained on 
the table cannot be defined as matrix properties).  Note that some of these descriptions are acronyms 
representing the variable name from the model documentation.  For example, SP2 is from the MT3DMS 
(and MT3D-USGS) manuals.  Dual domain and fracture properties are for MODFLOW-Surfact and 
MODFLOW-USG. 
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A Note on Layer Elevations 
Many ground-water flow models require only transmissivity for confined layers and do not require you to 
enter the thickness or elevations of layer tops and bottoms.  However, if you intend to use the model for 
particle-tracking analyses (using MODPATH or PATH3D, for example) or for contaminant transport 
modeling (using MT3D), you will need to define the elevations of layers.  Therefore, GV requires that each 
layer be defined in terms of its bottom elevation.  The top elevation of layer 1 is also required.  Note that 
tops of lower layers are not required unless the option called “Use Top Elevations” on the 
Model|MODFLOW|Package Options dialog (BCF/LPF tab) is ON.  GV will compute transmissivity for 
confined layers by multiplying hydraulic conductivity by layer thickness. 

Specifying Zone Values 
Zone numbers are assigned to each cell in the model for each property type.  The zone number corresponds 
to a property value in a simple database.  

You must perform two functions when defining a property using zones in GV.  The first step is to assign a 
property value to each zone number that will be used in the model.  This step is performed each time you 
select Database from the property menu.  The second step is to assign a zone number to each cell in the 
model.  Each cell is automatically set to zone #1 when you start a new model and the parameters assigned 
to zone #1 are defined on the initialization dialog.  

There are several key points to keep in mind when using GV to define these parameter zones, as described 
below: 

(1) The only parameters that are required by the model are hydraulic conductivity, top elevation of 
layer 1, and bottom elevation for all layers.  If the model is transient, then you also need to define storage 
properties.  

(2) Each cell in the model is initially assigned a zone value of 1 for each parameter type.  This implies 
that the model is homogeneous in each of the parameters.  To create a parameter distribution containing 
heterogeneities, you must change the zone numbers for some of the cells. 

(3) Each parameter type has its own distribution of zones.  For example, the model cell at (row 1, 
column 1, layer 1) may have a hydraulic conductivity zone number 1, a leakance zone value defined by 
zone 2, and a recharge zone 4. 

(4) You will enter zone values into a table.  Each zone number is assigned a value.  For example, 
hydraulic conductivity zone 1 may be assigned 10 ft/d and zone 2 100 ft/d.  The zone numbers do not 
refer in any way to layers!  Many first-time users of GV mistakenly assume that the zone numbers refer to 
layer numbers; that is, zone 1 is assigned to layer 1 and zone 2 to layer 2, etc.  You may choose to assign 
zone numbers in this manner, but it not required nor is this situation the default case. 

The Property Values menu operates on the database of parameter values.  The database contains a 
property value assigned to each zone number used in the model.  The database contains from one to three 
parameter values for each property.  The properties and their associated parameter values are shown below: 

 Property    Parameters 

 Hydraulic Conductivity  Kx, Ky, Kz 
 Storage    S or Ss, Sy, Porosity 
 Leakance   Leakance (VCONT) 
 Recharge   rate, concentration, ponding depth 
 ET    ET rate, ET extinction depth 
 Top    layer top elevation 
 Bottom    layer bottom elevation 
 Dispersivity   longitudinal, transverse, trans. vertical, longitudinal vertical 
 Chemical Reactions  Kd, bulk density, contaminant half-life 
 Initial Concentrations  concentration, sorbed concentration 
 Diffusion   diffusion, half-life on soil, Kd exponent (SP2) 
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 Interbed Storage   elastic and inelastic storage, Hc, compaction 
 Interbed Storage (delay beds) Sse, Ssi, n-equiv., b-equiv. 
 Unsaturated Zone   Alpha, Beta, Residual Saturation, Brooks-Corey Exponent 
 Dual-domain (fractures)  PHIF, Reaction Rate, Bulk Density, Kd 
 Dual-domain (MODFLOW-USG) PHIF,DDFTR,SC1IM,SC2IM 

There are some special things to remember on these property types: 

The chemical reactions property database changes names for some of the parameters depending on what 
reaction model you are using for MT3DMS.  In addition, the parameters Kd (distribution coefficient or SP1 
in MT3D terminology) and half-life have different database values for each chemical component.  The 
current component number is shown above the 3D cube.  The values shown in the database are for the 
currently selected component number. 

The dual-domain (fractures) property is only used for MODFLOW-SURFACT and for MODFLOW-USG.  
These two models define the elements of this property differently.  The values for MODFLOW-Surfact are 
for transport.  The values for MODFLOW-USG are for the dual domain flow package. 

The Interbed Storage (no delay beds) property is used by both the IBS and SUB packages, but Interbed 
Storage (delay beds) is only used by SUB. 

Recharge and ET have databases for each stress period.  When editing recharge and ET, you need to pay 
attention to what the current stress period is set to on the 3D Cube. 

In the storage database, the parameter called S is assumed to be the storage coefficient (dimensionless) for 
MODFLOW88/96 and MODFLOW-SURFACT or whenever using the MODFLOW BCF Package.  This 
assumption can be changed if you select Model/MODFLOW/Package Options – BCF tab and set the option 
that says “Storage Coefficient represents Specific Storage”.  In that case, S values are treated as specific 
storage (1/L).  For the LPF and UPW Packages of MODFLOW2000/2005/NWT/USG, the S parameter is 
always treated as specific storage in the LPF Package and is labeled Ss in the database.  For 
MODFLOW2005 and MODFLOW-USG, the Ss parameter is treated as specific storage in the LPF 
Package unless you choose Model/MODFLOW2005/Options – LPF tab and select the option to make it 
dimensionless storage.  Very confusing.  Just remember that the only time that Vistas will compute S from 
Ss is when you are using BCF and activate the option “Storage Coefficient represents Specific Storage”.  
GV never computes Ss from S. 

Select Database from the menu  to edit the parameter values for the current property type.  The current 
property type is the one checked at the bottom of the Props menu.  A spreadsheet is displayed with zone 
numbers along the left side and three columns for the parameter values.  Some properties only have one 
parameter value (e.g., Bottom elevation).  In this case, you can ignore the other two columns. 

Most properties have only one database of values corresponding to zone numbers.  Recharge and ET, on 
the other hand, have a unique database of values for each stress period.  The pattern of zone numbers 
assigned to model cells remains the same for each stress period, but the parameter values assigned to those 

zone numbers may change by stress period.  When you select Database  for Recharge and ET, GV 
displays the database for the current stress period.  The current stress period may be changed by selecting 
Props|Rech/ET Stress Period. 

Chemical reaction and diffusion parameters are similar in concept to recharge and ET.  In this case, 
however, a different database is provided for up to 5 chemical components.  Select Props|Current 
Chemical Component to enter the component value.  All subsequent editing of the databases for these two 
properties corresponds to the current component.  Use of multiple components only applies to the 
MODFLOW-SURFACT transport model at this time. 

The Sort Zones command sorts the database from lowest parameter value to highest.  GV uses the first 
parameter value (e.g., Kx for hydraulic conductivity or Recharge rate for Recharge) to perform the sort.  
The sort command also changes the zone numbers assigned to cells so that the cells contain the same 
property value as they did before the sort. 



Groundwater Vistas Version 7 Page 124 

The Automatic Zone Setup command provides a quick way of setting up the database.  You enter the 
starting and ending zone numbers to modify, the initial property value for each of the three parameters, and 
the increment for each parameter.  GV then resets the database within the range of zones specified.  Note 
that some properties have less than three parameters.  In this case, you can ignore the unused parameters on 
the dialog.  For Recharge and ET, the auto zone setup command works on the current stress period.  The 
current stress period may be changed by selecting Props|Rech/ET Stress Period. 

There is also a Recharge Multiplier option under Props|Property Values.  These values are 
multiplication factors on recharge rate for each stress period.  A value of 1.0 means no change is made to 
your rates.  These multipliers are only used when writing out the recharge package.  The multiplier is added 
to the header line of the recharge matrix.  When viewing recharge rates in Groundwater Vistas, the 
multiplier is NOT used. 

The Copy Transient Data command allows you to copy the database for recharge or evapotranspiration 
from one stress period to another.  The current property type must be either Recharge or ET.  These are the 
only two properties that have a different database for each stress period.  The pattern of zone numbers may 
also be different for each stress period. The copy transient data command makes it easy to set up a transient 
run. 

GV assigns zone colors using a standard spectrum where blue is assigned to zone 1 and red is assigned to 
the highest zone number.  You may redefine the color assigned to any zone using the Edit Zone Colors 
command.  The dialog presents a scrolling list of zone numbers with a color button and a hatch pattern 
button.  The default hatch pattern is solid color fill.  There are several other patterns that may be chosen, 
however. 

The Default Zone Pattern dialog changes the hatch pattern for all zones.  Use the Edit Zone Colors 
command described above to change patterns for individual zone numbers. 

The Reset Colors command resets the colors back to a  standard spectrum and to a solid fill pattern. 

Assigning Zone Numbers to Cells 
All property zone numbers for all properties in all cells are initially set to a value of 1 when you initialize 
the model.  Property zones are modified in the model using the Set Zone Number option on the Props 
menu, which has several options for assigning zone numbers to cells. These include the following: 

Single Cell 
After selecting this option, move the cursor to the desired grid location and click the left mouse button.  A 
dialog then appears where you enter the new zone number for the cell.  You may also click the right mouse 
button in a cell to change that cell to the current default zone number.  You set the default zone number by 

selecting Props|Default Zone No.  .  It is a good idea to turn off the automatic refresh on the view 
menu while using the right mouse button, otherwise, GV will repaint the screen after each right mouse 
click. 

Window 

The Window command  changes the zone number of all cells in a rectangular region.  After selecting 
this command, move the cursor to one corner of the desired region and hold the left mouse button down.  
Move the cursor to the opposite corner and release the mouse button.  GVdisplays a dialog where you enter 
the new zone number.  All cells within this region are changed to the new zone number.  GV determines 
that a cell is within the region if the center of the cell falls within the window. 
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Digitize Polygon 

The Digitize Polygon command  sets a new zone number in each cell contained within the digitized 
region.  After digitizing the polygon region, you enter a new zone number.  GV then finds each cell within 
the polygon and changes the zone number to the one you specify. 

Digitizing is performed by clicking the left mouse button to set points along the line.  You may delete the 
last point entered by clicking the right mouse button.  Double-click the left mouse button to end digitizing.  
If you are not fast enough with the double click, you may see a stray line on your screen.  GV will ignore 
this when zone numbers.  GV automatically closes the polygon by connecting the first and last points 
digitized. 

Digitize Polyline 
The digitize polyline command works like the polygon but only sets cells that are crossed by the digitized 
line segments. 

Transpose 

The Transpose command  changes all cells with a given zone number in the current layer to another 
zone number.  A dialog prompts for the zone number to change and the new zone number.  Only cells in 
the current layer are affected, unless you check the option to apply the transpose to all layers. 

Transpose Window 
The Transpose Window command works just like the transport command except that you drag a window 
first.  Only cells that lie within the rectangular window are modified. 

Clear 
Select Clear to change all cells in the current layer to a constant zone number.  A dialog prompts for the 
new zone number.  For recharge and ET, the clear command operates on the current stress period defined 
above the 3D cube on the left side of your GV window. 

Clear All Layers/Times 
This command works like Clear but operates on all layers.  For Recharge and ET, this also clears all stress 
periods. 

Gradient Fill 
The Gradient Fill option was designed to make it easy to slope the elevation of a layer, but may be applied 
to any property type.  You enter the row and column number of a know property value and the slope and 
direction of the property.  The known value is fixed during the calculations.  The slope is computed as 
change in parameter value divided by change in distance.  For top and bottom elevation, the slope is 
expressed as change in elevation divided by change in distance.  The direction is an angle in degrees, where 
east is 0.0 and north is 90.0.  You may also confine the calculations to a range of row and column locations. 

The gradient fill calculation assumes that the property database contains a wide range of values that are 
entered in order from lowest value to highest.  When you initially set up the model in GV, several hundred 
zones are created for bottom and top elevation.  Thus, you may apply the gradient fill to layer elevation 
without performing any special operations on the database.  For other properties, you may need to modify 
the structure of the database before applying the gradient fill.  Key options to look at are Auto Zone Setup 
to assign property values to a wide range of zone numbers, and Sort Zones to make sure that the database 
is set up from low to high values. 
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Copy Zones 
You may copy zone numbers from any other property type to the current type and from any layer.  Only the 
zone numbers are copied.  The database of property values remains unaffected by this command.  You 
would normally use this command to copy property zones for the same property to other layers. 

Math Functions 
Math functions provides a way of doing simple arithmetic operations on property data.  You select the 
database field (e.g. Kx), the operation (add, subtract, multiply, divide) and the value.  You can apply the 
calculation to a subset of zones (or HSU zones).  Check the “Apply to All Layers…” to compute all layers 
(or stress periods for recharge and ET). 

 
 

Working with Matrices 
Properties that are defined using a matrix of numbers omit the step of having a zone number database.  One 
number is stored for each cell in the model.  Each property has the same one to four values assigned for 
each property (e.g. hydraulic conductivity has Kx, Ky, and Kz) but no zone number is recorded.  This is 
very convenient when working with layer elevations but may not be the right choice for things like 
hydraulic conductivity.  Here are some limitations when using matrices: 

A property that is defined as a matrix may not be estimated by Pest or other parameter estimation programs, 
except for use of pilot points.  See the chapter on calibration for more details.   

It is not as easy to control the color assigned to a particular property value with matrices.  GV simply 
defines a color ramp starting with blue for the lowest value of a property and grading to red for the 
maximum value.  You can control the property value assigned to blue and the value assigned to red using 
Props|Property Values|Manually Reset Matrix Bounds. 

When editing a property that is defined using matrices, most of the same procedures are used as with zones.  
The only difference is that when prompted for a property value, you enter a decimal number (or set of 
numbers depending on the property) instead of an integer zone.  For example, if you are in Hydraulic 
conductivity mode and hydraulic conductivity is defined as a matrix and you double-click on a cell, the 
following dialog pops up: 
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You would enter the actual hydraulic conductivity values in this dialog and not a zone number.  If you only 
wanted to change Kz, you would uncheck the boxes to the left for Kx and Ky.   

It is relatively easy to convert from zones to matrices and back.  Use Props|Options and put a check in the 
first column next to each property that should be defined by matrices.  No check means that property will 
use zones.  If you convert a property from zone to matrix, it simply happens.  However, when converting 
from a matrix property to a zone-based property, GV will prompt for the number of significant digits to use 
in determining zones.  This is necessary because there is often a small amount of round-off error when 
storing numbers on a computer.  For example, a value of 1000.0 may be stored as 999.999999999.  For all 
practical purposes, it is 1000 but for comparison between one model cell and another, they may seem 
different to the computer.  GV will round the property values to the desired number of significant digits to 
group cells into zones. 

 

Matrix Editor 
The matrix editor is used for any property that is defined as a matrix of numbers instead of using zones.  
The matrix editor consists of a spreadsheet and some command buttons. 
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You may change any values in the matrix.  The spreadsheet displays one layer at a time.  The layer field in 
the lower left corner is used to go between layers.  The fields to the right of the layer field are used to 
change the format of how the data are displayed.  You may display the numbers in color based by clicking 
the “Use Color Ramp” check-box.   

The copy and paste buttons place the currently displayed matrix on the Windows clipboard or paste the 
contents of the clip board into the spreadsheet.  There is a quirk when using copy and paste.  The copy 
command also copies the column numbers and row numbers to the clipboard.  When pasting be sure to also 
paste the row and column numbers.  This is different from previous versions of Groundwater Vistas. 

The “Change Block” command button is used to change the contents of the matrix over a range of row and 
column numbers.  The following dialog is displayed: 

 
The replace command will replace matrix cells with a new value if the current contents are within a certain 
range. 
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The math command modifies cells within a given range if the current value is within a specified range.  
You may add, subtract, multiply and divide the current contents by a constant. 

 

Importing Properties from Files 
There are many types of files that may be imported to define aquifer properties, including the following: 

- SURFER 

- Text files (XYZ), including EVS gvg format files 

- MODFLOW Packages (for recharge and ET only) 

- EarthVision 

- Matrix 

- Polygon 

- Zone Numbers 

- Database 

- Transient Data for One Zone 
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- Shapefile 

 

SURFER files contain a matrix of data that is contoured using the SURFER software.  XYZ files are text 
files with columns of data.  In both cases, GV reads the information, interpolates a value for each cell 
within the region specified for the data file, and determines which zone number best matches the 
interpolated value.  The property database for the property type you are importing must be sorted from 
lowest value to highest value, however, before importing the file.  In all cases, you also have the option of 
specifying an exact value for each cell.  Using this option, however, may result in a very large number of 
zones being defined. 

SURFER 
A SURFER file is a gridded parameter file ready for contouring in the popular SURFER software package.  
The SURFER grid file may use either the ASCII or Binary format.  After selecting this option, a dialog 
prompts for the name of the file.  You may click the browse button to find the correct file.   The default file 
extension of a SURFER grid file is .grd.  The dialog displays the range in property values contained in the 
SURFER grid file.  You may change these values to only incorporate a narrow range of zone values.  The 
dialog also allows you to define whether the coordinates in the SURFER file refer to the map coordinates 
or to finite-difference grid coordinates.  After finishing this dialog,GVreads the SURFER grid file, 
identifies all cells lying within the area covered by the SURFER grid file, and interpolates a zone value for 
each cell.   

GV uses bilinear interpolation to interpolate the property value for each cell and then identifies the proper 
zone from the property database.  Note that zone values must be entered in ascending order to use the 
SURFER option. 

Multiple SURFER grid files may be imported for any of the property types.  Each successive SURFER file 
redefines any zones that may overlap with a previous file.  In addition, SURFER files do not need to cover 
the entire mesh.  Only those portions of the SURFER file that actually lie within the finite-difference grid 
are used. 

Surfer files can be used with the zone concept, as described above, or for exact layer elevations.  The 
following dialog is displayed when importing a SURFER file for a property that has only one entry in the 
database (bottom elevation, top elevation, etc.): 

 
In cases where there are more than one entry in the database, you may have a SURFER file for each entry.  
For example, the hydraulic conductivity database has 3 entries (Kx, Ky, Kz).  The SURFER import dialog 
for hydraulic conductivity would look like the following. 
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The last option labeled Use Exact Values in Database tells GV to interpolate a cell value from the 
SURFER file and put that exact value into the GV database.  If you uncheck this option, then GV assumes 
you are using the zone concept and will look for the closest value in the database. 

XYZ files 
Importing property zone values from a text file is similar to the procedure for boundary conditions, except 
that you may interpolate cell values from the random XYZ data.  This process is identical to the distance-
squared interpolation method in SURFER.  You also have the option, however, of importing the text data 
directly into individual cells without interpolation.   

Selecting Import|Text XYZ from the pull-down menu displays a dialog.  The first item is the file name 
with an associated browse button to make it easy to find the proper file.  You also enter the number of lines 
to skip in the data file.  This allows you to have header information in the file.  The next three data items 
identify the column in the file containing the X coordinate, the Y coordinate, and the Z (property) value.   



Groundwater Vistas Version 7 Page 132 

 
Data in the import file may be in any order but the structure of the file must conform to the following 
specifications: 

- there may be any number of lines at the top of the file to label the information.  You will tell GV how 
many lines to skip in this header record. 

- all data beneath the header lines must be in columns, separated by spaces, tabs, and or commas.  Each line 
of the file must contain data for one boundary condition and each line must contain the same number of 
columns of information. 

- there can be no extraneous information after the columns of data. 

- data are imported for the current property type.  For zones, XYZ data are only imported for the first entry 
in the database (e.g. Kx for Hydraulic Conductivity).  For matrix properties, you choose the property type 
(e.g. Kx, Ky, Kz) at the bottom of the dialog. 

You enter the name of the file on the Import dialog (a browse button is provided so that you can locate the 
file), the number of lines to skip at the top of the file, and whether the coordinates in the file are in site 
coordinates.  Site coordinates refer to the coordinates of the base map.  Uncheck this option if the 
coordinates are model grid coordinates, with the origin being the lower left corner of the grid. 
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The final three data items refer to the interpolation scheme.  The maximum number of neighbors and 
minimum number of nearest neighbors determine how many points to use in interpolating a zone value.  
You should use 3 for a minimum number of nearest neighbors and a maximum of 5 or 6 in most cases.  The 
search radius limits the size of the interpolation area.  Make sure that the search radius is larger than the 
distance between data points or no processing will take place. 

When the property is defined as a matrix instead of zones, the database options are ignored.  The 
interpolated data are placed as exact values in the matrix.  The property type at the bottom indicates which 
parameter is interpolated.  For hydraulic conductivity you could import data for Kx, Ky, or Kz.  Note that 
for zones, however, only the first property type (Kx for hydraulic conductivity) can be imported from text 
files. 

These parameters are the same as those used in the SURFER GRID program.  GV uses the inverse  
distance-squared interpolation method to interpolate a property value for each model cell.  GV then looks in 
the property database to find the closest zone number and assigns that zone number to the cell.  Note that 
the X and Y coordinates contained in the cell may represent either site (map) or grid coordinates.  A check 
box is provide to specify for this option. 

The distance-squared interpolation method uses the following procedure to compute a property value for 
each cell in the model: 

(1) Compute the distance between each data point and the center of a cell.  

(2) Identify those data points that lie within the given search radius.  If there are none or if the number 
of such points is less than the minimum number of nearest neighbors, do not interpolate a value for this 
cell. 

(3) Square the distances for the N closest data points, where N is the maximum number of nearest 
neighbors. 

(4) Compute the interpolated property value using the following equation: 
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where: 

 n = Number of data points 

 Z = Interpolated property value 

 Zi = Property value at point i 

 di = Distance from point i to the center of the current cell 

(5) Look in the property database for the zone number that most closely approximates the interpolated 
value and set that zone number in the current cell. 

(6) Move on to the next cell in the current layer. 

You have the option of not using the above interpolation scheme by entering the maximum number of 
nearest neighbors as 1.  This informs GV to simply find out which cell contains the data point and 
determine the proper zone number to place in that cell. 

To use exact interpolated values in the database, check the last box labeled Append Data to Database.  If 
you want to totally start over with the database, you may also check the box labeled Automatically Reset 
Database.  This option must be used in conjunction with the append data option.  If both of these options 
are unchecked, then GV looks up the closest value in the database.  See the section on defining aquifer 
properties for a discussion of the nearest neighbor algorithm for interpolation in GV. 



Groundwater Vistas Version 7 Page 134 

Matrix File 
In some cases, you may want to use another application to define the property values and store them in a 
simple matrix.  The matrix is assumed to contain one value for each cell in the model or in a single layer.  
The order of the numbers is layer, row, column (just like MODFLOW reads them).  The numbers must be 
separated by a comma, tab, or space.   

 
The last option defines how the values in the matrix are used.  If you select Append to Database, GV will 
put the exact values in the database.  Selecting Find Nearest in Database will use the zone concept and find 
the closest value in the database.  When using matrices, the exact values are always used. 

In cases where the property is treated as a matrix, though, the database options are ignored.  GV will simply 
take the value from the data file and put the exact value in the matrix.  The property type refers to the type 
of matrix to import.  For hydraulic conductivity the choices are Kx, Ky, and Kz.  Note that when importing 
a matrix for a zone-based property, data may only be imported for the first property type (e.g. Kx for 
hydraulic conductivity). 

A relatively new option is at the bottom of the matrix import dialog.  This allows you to import data from a 
MODFLOW or MT3D binary output file.  To use this option, click the “file is binary” option and then click 
browse to find the time step you want to use.  This option works for head-save, drawdown-save, and MT3D 
concentration (UCN) files. 

There is an option to add the imported matrix to the existing one.  This was designed for recharge where 
there may be multiple components of the model recharge stored in separate files.  These can be combined 
in the matrix import to assemble the final recharge matrix. 

Zones Numbers, Database, Colors 
You may export the zone numbers and the database from a property and modify in Excel and then reimport 
them to GV.  You may also use these two import options to exchange data between two different GV 
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models as long as they have the same number of zones defined in the database.  You should make sure that 
the model you are importing the zones and database into has at least as many zones defined as the model 
that exported these data.  GV will not check this for you.  To find out the number of zones in the original 
model, select Props/Property Values/Database.  The first number at the top of the dialog (above the 
spreadsheet) is the maximum number of zones.  If the model you are importing zones and databases into 
has fewer zones, then change it before importing the zones or database files. 

There is also an import for zone colors.  This file contains 4 columns of data.  The first column is the zone 
number.  The remaining columns are the red, blue, and green color values (RGB), respectively.  These are 
integer numbers from 0 to 255.  Normally you would export the zone colors using Props|Export|Zone 
Colors and then use this import to get the zone colors into another version of your model. 

One important note on importing zone numbers, database, and colors.  You must first make sure that your 
database contains enough entries for the file you are importing.  This is done by selecting Props|Property 
Values|Database and changing the number of zones at the top to the desired number.  Then click the 
“Update” button. 

Shapefile 
There are three types of shapefiles that can be imported from ArcView for any property.  A point shapefile 
is treated just like an XYZ file above.  A line shapefile is assumed to represent contours.  In this case, GV 
will extract the vertices of the lines (contours) and then use them as a collection of points.  For a polygon 
shapefile, GV looks for cells within each polygon and simply sets the property associated with that 
polygon. 

The dialog for a point or line shapefile is shown below: 
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You first select the attribute field for each entry in the property database.  You then determine whether you 
want to interpolate or not.  Usually for points and lines you would use interpolation.  If you don’t 
interpolate, GV will only change the values of cells containing points or vertices of lines.  You then have 
the option of using exact values or check the box to Find Nearest Value in Existing Database.  The dialog 
for a polygon shapefile is the same but you cannot choose to interpolate values.  If the property uses 
matrices instead of zones, then the exact value is always assigned to the cell. 

Transient Data by Zone 
Recharge and Evapotranspiration are the only properties in Groundwater Vistas that are transient in nature.  
In some cases, there may be many stress periods but only a few zones.  In this situation, it may be 
convenient to import a simple file that has the recharge rate (or ET rate) for each stress period for a 
particular zone.  This file may contain data for one zone or for more than one zone. 

The format of the file for one zone only is a text file with at least 2 columns of data.  The first column of 
the file contains the stress period number.  The second column contains the recharge or ET rate.  If the file 
has three columns, the third column is assumed to be the recharge concentration or ET extinction depth.  If 
the file has 4 columns, the 4th column is the recharge ponding depth for MODFLOW-SURFACT. 

If you put more than one zone in the file, the columns of data as described above are separated by a line 
with two numbers on it.  The first number is the zone number and the second number is the number of 
stress periods to read.  Thus, the first line in the file would have these two numbers on it, followed by the 
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two or more columns of data.  The second set of data for the second zone would be read right after the data 
for the first zone. 

MODFLOW Package 
GV can import an entire MODFLOW simulation when you start a new model design (File|New).  
Sometimes it is also desirable, however, to import an individual MODFLOW boundary condition file later 
on in the modeling process.  You may import any MODFLOW boundary condition file, including well, 
drain, GHB, river, stream, horizontal flow barrier, recharge, and evapotranspiration.  Most of these files are 
imported by selecting BCs|Import|MODFLOW Package.  Recharge and ET are imported by selecting 
Props|Import|MODFLOW Package.  The most important thing to remember is that these MODFLOW 
Packages must contain the same number of stress periods as your current GV design!  Also, for boundary 
conditions like wells, drains, etc., you should delete the boundaries already in your model because the 
import command will ignore boundary cells in the MODFLOW file if they coincide with an existing 
boundary condition. 

You may only use this import option for Recharge and Evapotranspiration (ET). 

Surfer to HSU 
HSU stands for hydrostratigraphic unit.  HSU zone numbers are defined using the Hydrostratigraphy 
property.  HSU zones are used for many things in Groundwater Vistas such as performing mass balance 
analysis, limiting the area of calculations, etc.   

The purpose of the “Surfer to HSU” command is to assign a HSU zone number to cells in the model that lie 
above one surfer grid file and below another.  The two surfer grid files are elevations, usually 
conceptualized as the top and bottom elevation of a stratigraphic horizon.  Cells are assigned the given zone 
number (1 in the example shown below) if the center of the cell lies between the two surfaces. 

 

Polygon 
A polygon file contains a header line which has the word POLYGON as the only text.  The second line is 
the number of vertices of the polygon plus one.  These two lines are followed by a line for each vertex 
coordinate pair.  The last point and the first point should be the same.  When you select this option, the 
following dialog is displayed. 
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You enter the file name, the zone number to apply within the polygon, and the type of coordinate system 
used (site or model).  This import does not work for matrices, only for zone-based properties. 

Row|Column|Layer (Node) 
This is a simple import where the file contains no header lines and just a few columns of data.  The data 
must be in the following order: 

Row, column, layer, Property1, Property2, Property3, Property4 

Where the properties depend on the property type.  For hydraulic conductivity, you can specify Kx, Ky, and 
Kz.  You do not need all properties in the file.  For example, you could have a file that is row, column, 
layer, Kx.  You must have the row, column, and layer data though.  When importing recharge and et, the 
layer column is replaced by stress period number. 

When using MODFLOW-USG, the file would contain node number instead of row, column, and layer.  So 
in that case the 3 columns of row, column, and layer become one column for node number.  For recharge 
and ET, the node is followed by the stress period number. 

Rockworks Layer Elevation File 
Rockworks from Rockware (www.rockware.com) can export a file of layer elevations for the model.  Note 
that Rockworks needs to know the number of rows, column, and layers in your model.  You can use 
Grid|Export|Rockworks Discretization to tell it this information. 

Exporting Properties 
There are many different file formats for exporting property values.  Many of these are designed to 
facilitate the transfer of property data from one version of your model to another.  In these cases, there are 
similar options for import.  For example, you can export your property database and zone numbers from 
one model to another by exporting the database and zone numbers and then importing the database and 
zone numbers to the other model.   

Property Values (XYZ) 
The first export option allows you to save the property values in the current layer to a comma-delimited 
text file.  The contents of the file are X-coordinate, Y-coordinate, and property value.  You may then use 
this file in SURFER or other graphics programs. 

http://www.rockware.com/
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You have several options when exporting the XYZ file.  You may include or exclude no-flow (inactive) 
cells.  You may export the file in site coordinates (those of your base map) or model coordinates (origin in 
lower left corner of the model).  You may export in EarthVision format.  You may export as row, column, 
and layer instead of XYZ.  You may also export all layers.  If you choose to export all layers, then the file 
contains another column for the elevation of the cell center. 

 

Property Values (Matrix) 
The matrix export option creates a file with the same data as the XYZ file but in a different format.  The 
property values are written in layer-row-column order as in the MODFLOW input files.  No headers are 
written, however. 

GV first prompts for the matrix file name.  After choosing a name, a dialog is displayed with several 
options. 

 
You may choose to list all columns for each row on one line.  You may export all layers.  If you do not 
export all layers, then only the current layer is exported.  The last 3 options determine how the property 
value will be written.  You may export in either exponential or fixed format. 

The last field (Kx above) determines which property is exported.  For properties such as hydraulic 
conductivity, you may choose which value is exported (e.g. Kx, Ky, or Kz). 
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Zone Numbers, Database, and Colors 
Zone numbers are written in the format explained above for the Props|Import|Zone Numbers function.  
After specifying the file name, you have the option of exporting only data from the current layer and/or you 
may export only a particular zone. 

  
Colors are exported to a text file containing the color of each zone in the current property type.  If the 
property is a matrix-style property, nothing is exported.  The file contains 1 line for each zone.  Data on 
each line are zone number, red, blue, and green color (integer from 0 to 255).  You can see what the red, 
blue, and green contributions are to each color by selecting Props|Property Value|Database and double-
clicking the color in the far right column of the database. 

The database is written in the format explained above for the Props|Import|Database function.  You simply 
give the file name and GV exports the data which can be imported into another program or text editor and 
then reimported back to GV. 

Head-Save Format 
The head-save file export creates a binary file of the same format as a MODFLOW head or drawdown file.  
This file can be imported for contouring, for example.  For zone-based properties, only the first parameter 
of the database is exported (e.g. Kx for hydraulic conductivity).  For matrices, the parameter or matrix 
number identified under Props/Options is exported. 

Shapefile 
Property data may be exported with attributes to shapefiles.  The dialog containing the export options is 
shown below. 

  
You simply provide a file name for the shapefile and the type of shape to export.  You may export either 
polygons (rectangular cells) or points (the cell center).  You may also exclude any cell that is no-flow.  
Either all layers are exported or only the current layer.  For recharge and ET in a transient model, you may 
also choose to export all of the transient data 
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Zone Report 
The zone report file contains the number of cells within each zone and the number of calibration targets 
within those zones.  It also shows the area and volume of the zone.  This is handy during calibration to see 
which property zones can be estimated.  In general, it is not possible to estimate a zone if it has no 
calibration targets within it. 
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Transient Data by Zone 
This export is useful when transferring data to another Groundwater Vistas file.  The output from this 
export can be imported using Props|Import|Transient Data for One Zone.  You may export data for all 
zones or for one specified zone.  This export is only applicable to recharge and Evapotranspiration. 

 

HUF Data Arrays 
HUF (Hydrogeologic Unit Flow) was a new package added to MODFLOW2000 and MODFLOW2005. It 
allows you to define hydrostratigraphic layers that are independent of actual model layers. MODFLOW 
then computes a composite transmissivity based on the HUF layers that intersect each model layer. GV 
supports HUF but the trick is how to get the HUF data into the GUI since GV really only tracks actual 
model layers.  

It can be a bit tedious defining those surfaces or arrays. In order to make it easier to use HUF, we added a 
new export/import. The idea is that you create two GV models. One has the definition of all HUF layers 
(you don't need boundary conditions or other stuff) and the other has the number of model layers you 
actually want to use when running MODFLOW. Each must have the same number of rows and columns. 
You define the HUF model first and then use Props/Export/HUF Data Arrays. This exports all the 
necessary information for the HUF layers (hydraulic properties, layer top elevation, layer thickness).  Then 
go into the final model and use Model/MODFLOW2000/HUF Data Import. 

 

Statistical Summary Report 
This command exports a text file that summarizes the current property.  You get the mean, log-mean, 
standard deviation, and a histogram summary of the range in property data.  You may define a range of 
layers and confine the calculations to the current HSU zone. 

 
An example of this export is shown below: 
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Saving The Model Design 
You have three ways to save the design in a GV grid file.  You may save the design at any time by 
selecting the File|Save or Save As menu options from the main menu.  You may then go back to the design 
menu to continue making changes.  We recommend that you save the design periodically in case of power 
outages or in case you do something (like clear all boundary conditions) that you did not intend to do.  In 
this way, you can recover without too much lost time. 

You will also be given the opportunity to save the model design before exiting GV.  To exit GV, select 
Exit from the File menu.  A screen will appear asking if you want to save the current GV design.  

There is no UNDO feature in Groundwater Visas.  For this reason, it is often best to use File|Save As 
periodically while you are designing your model to save recent changes in a new version.  This allows you 
to go back a step if you make a mistake or want to go back to a previous state of the model. 

 



Groundwater Vistas Version 7 Page 145 

Running Simulations 

Introduction 
Running model simulations with GV involves three steps following the design of a groundwater model.  
These steps include (1) edit options that are specific to the particular model being used (e.g., MODFLOW), 
(2) create input files for the model, and (3) run the model.  Models supported in this release of Groundwater 
Vistas include MODFLOW88/96, MODFLOW2000, MODFLOW2005, MODFLOW-NWT, MODFLOW-
USG, MODFLOWT, MODFLOW-SURFACT (Version 2 and 3), MT3D (all versions including MT3D-
USGS), MODPATH, MOD-PATH3DU, and SEAWAT2000 (version 4).  There are also specialized 
models for calibration (PEST, MODAC) and for optimization (MODOFC, Brute Force, SOMOS, MGO, 
and GWM) but they are discussed in subsequent chapters of this manual.  The following chapter describes 
how these models are interfaced to GV, how to create data files for each model, and the assumptions that 
GV makes when running these models. 

Reviewing Data Files 
It is very important that you carefully review the input files for whatever model you are using.  
Preprocessors like Groundwater Vistas will help significantly with the preparation of a model run; 
however, it is up to you as the modeler to make sure that the files are properly formatted.  In the vast 
majority of cases, no alterations will be necessary.  There are times, though, when you may have entered 
some incorrect data into Groundwater Vistas.  In very rare cases, there may be formatting errors that the 
preprocessor creates.  

Groundwater Vistas facilitates the review of data input files by automatically launching a text editor to 
view these files.  There are buttons located on each of the Package dialogs (e.g. 
Model/MODFLOW/Packages and Model/MT3D/Packages etc.)  After creating the files, you can go to 
these package dialogs and click the edit buttons to review the input files.  If you are unfamiliar with a file 
structure, you may consult the electronic manuals provided with Groundwater Vistas for each model.  If 
you are unsure of something, please send the file and your question to us (see the Introduction for obtaining 
technical support).  It is also important to keep up to date with the latest version of Groundwater Vistas.  
Obtaining updates is also covered in the Introduction to this manual.   

Model-Specific Preprocessing 
Once you have designed the model grid, added boundary conditions, and assigned aquifer properties to 
each cell, you are ready to run a simulation.  The first step in the simulation process is to set the various 
options for the model you will be using.  These options are edited using the Model menu.  At the top of this 
menu are the names of the models supported by GV.  These include: 

 MODFLOW 
 MODFLOW2000 
 MODFLOW2005 (includes NWT) 
 MODFLOW6 (when released by USGS) 
 MODFLOW-USG 
 MODFLOW-SURFACT 
 MODPATH 
 MT3D/RT3D 
 SEAWAT 

Other Models (MODFLOWT, PATH3D, and SWIFT) 
 
Selecting any of these models from the Model menu displays another menu with the various options.  In 
order to use these menus successfully, you need to be familiar with the data input requirements of each 
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model you will use.  Use of GV is not a substitute for learning the intricacies of a particular model.  GV is 
designed to make model simulation easier, but does not replace the documentation for each model.  
Manuals for most of these models are provided in electronic format when you install GV.  All manuals are 
located in the gwv7\Documentation directory.  Contact us for details if you cannot find a particular manual. 

You can see that with so many versions of MODFLOW, it can be difficult to know which one to use.  In 
general, you should start by using MODFLOW2005.  This version has been out for many years and 
contains numerous very useful features not found in the original versions of MODFLOW.  If you find that 
MODFLOW2005 does not have the types of features you need, then consider switching to one of the other 
versions.  A separate document is provided in the GWV7\Documentation directory that lists all of the 
packages available for MODFLOW that GV supports and which versions of MODFLOW they can be used 
with.  This document is called modflow_packages_table.xls. 

In order to configure your MODFLOW simulation, you need to understand the logic behind the menu 
structure on the Model menu.  At the top of the Model menu, you will see submenus for MODFLOW, 
MODFLOW2000, MODFLOW2005, MODFLOW-SURFACT, and MODFLOW-USG.  MODFLOW 
options that are common to all versions of MODFLOW are contained on the MODFLOW menu.  Options 
that are unique to a particular version are then modified on that menu.  For example, options common to 
MODFLOW2000 are found on the MODFLOW2000 menu.  When using MODFLOW2000, you would 
enter some information on the MODFLOW menu and then go to the MODFLOW2000 menu for remaining 
MODFLOW2000-specific options.  Likewise, when using MODFLOW-SURFACT, you would start on the 
MODFLOW menu and then move to the MODFLOW-SURFACT menu for additional SURFACT-specific 
features. 

MODFLOW2005 is more complex because it is derived from MODFLOW and MODFLOW2000.  Thus 
when using MODFLOW2005, you will need to use the MODFLOW, MODFLOW2000, and 
MODFLOW2005 menus.  Likewise, when using MODFLOW-USG, you would actually need components 
of the MODFLOW, MODFLOW2000, and MODFLOW2005 menus. 

Understanding Packages 
When MODFLOW was first released in the early 1980’s, it introduced the concept of a package.  A 
package is a logical subset of your model. A package includes its own input file and often writes its own 
output file.  Most boundary conditions, for example, have their own packages (e.g. river, drain, well).  The 
hydraulic properties of the system are provided in their own package (BCF, LPF, UPW, HUF).  Later when 
the USGS created MODFLOW2000, it expanded this to include processes.  A process is a collection of 
packages.  The first process was called the Groundwater Flow Process and included all of the packages 
from the original MODFLOW88 version. 

To add a package to your model simulation, you must tell Groundwater Vistas that it should be included in 
the simulation.  You do this by providing a unit number.  Unit numbers are entered on the Package dialog 
for each version of MODFLOW (e.g. Model|MODFLOW|Packages, Model|MODFLOW2000|Packages, 
Model|MODFLOW-USG|Packages, etc). 

A unit number is jargon from the FORTRAN programming language.  When a file is opened in 
FORTRAN, you provide the name of the file and an integer number called the unit number.  After the file 
is opened, it is referenced from that point onward by this number.  Each file that is opened must have a 
unique number assigned to it.  This includes both input and output files.  These numbers should be unique 
for each input file and most output files.  The only exception is the cell-by-cell flow terms written by most 
packages for mass balance information.  It is often desirable to have them all in one file.   

Groundwater Vistas will try to add packages that it thinks you need in the model and it will attempt to keep 
the unit numbers unique if the option called “Automatically Reset Package Units” is ON (see 
Model|MODFLOW|Packages at the bottom of the dialog).  If you have this option off, then you are on your 
own to figure out which packages to activate and which unit numbers to use. 

Except for the BASIC package, you should avoid unit numbers less than 10.  And because of quirk in mod-
PATH3DU (if you are using MODFLOW-USG), you should avoid numbers greater than 200. 
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In addition to a unit number, each input file have a checkbox that tells GV whether to create that file or not.  
If you would like to supply that input file from another source then you can leave this option Unchecked.  
However, we cannot provide technical support on a file that GV did not create.   

Some packages have a third item that you must supply, which is the cell-by-cell flow unit number.  This is 
a FORTRAN unit number for binary output of mass balance information.  It is usually desirable to have all 
cell-by-cell flows written to the same file.  The default unit number for this file is 50. 

Each Package created by Groundwater Vistas is described at the end of this Chapter.  In addition, notes on 
the most important features are documented in the following sections. 

Creating Data Sets 
Model data sets are the collection of input files that a particular model will read during a simulation.  All of 
the models supported by GV use numerous input files and generate a variety of output files.  GV aids you 
in managing all of this information by naming the files with a root file name and a three-letter extension 
that designates the particular input file or output file.  For example, by using a root file name of “run1”, the 
MODFLOW Basic Package would be called “run1.bas” and the MODFLOW head output file (head-save 
file) would be called “run1.hds”.  Model input and output files can be found in the working directory which 
is identified on the Model|Paths to Models menu. 

You create data sets for each model using two methods.  The first is to select a menu option labeled Create 
Datasets at the bottom of each model menu (e.g., Model|MODFLOW|Create Datasets). The second 

method is to simply click the calculator button, .  GV first asks whether you want to create data sets.  
Click the Yes button to create these files.  Next, GV will run the model.  The model that is run is the one 
with a check mark next to it at the bottom of the Model menu. The default model is MODFLOW. 

GV creates the model files and then displays a dialog that asks whether you would like to view the error 
file.  GV looks for potential problems while creating model datasets.  These are categorized as Warnings 
and Errors.  Warnings are potential problems with the model while errors generally mean that the model 
will not run.  Select Yes on this dialog and GV will attempt to run the Windows application Notepad.  If 
notepad cannot be found, an error will be displayed.  Notepad must be in the path in order for GV to find it, 
however.  You can also select Model|Paths to Models and substitute your favorite text editor. 

How does GV know what files to create?  This is a common question.  You control what files are created 
by using the Packages menu selection for each model.  Package, as described above, is the term used in the 
MODFLOW manual to describe each feature of the model that requires a separate data input file.  GV 
attempts to make an educated guess about which packages are required the first time you view the 
Packages dialog for each model.  You should confirm that there are no packages missing and that 
extraneous packages are not included.  The following discussion should help in making this determination. 

MODFLOW 
Selecting Packages from the MODFLOW menu displays a dialog where you decide what MODFLOW 
packages will be created and what the packages will be called.  A package is a separate data file in a 
MODFLOW simulation.  The following packages are displayed on this dialog: 

Basic BASIC Package containing starting heads, constant heads, stress period definition, and some 
options (.bas) 

BCF  Block-Centered Flow Package containing aquifer property data and grid spacings (.bcf) 

Output Control Determines what model results to print and save to files during the simulation (.oc) 

Solver There are several solver packages (SIP, SOR, PCG2, PCGN, GMG) that are used to solve the 
partial differential equations in MODFLOW (.sip or .sor or .pcg) 

Well  Well boundary conditions (.wel) 

River  River boundary conditions (.riv) 



Groundwater Vistas Version 7 Page 148 

Drain  Drain boundary conditions (.drn) 

General Head General Head Boundary conditions (.ghb) 

Stream  Stream Routing Package (Prudic 1989) (.str) 

Recharge Recharge boundary condition (.rch) 

ET  Evapotranspiration boundary condition (.evt) 

Wall  Horizontal Flow Barrier (HFB) or slurry wall package (.hfb) 

CHD  Time-variant Constant Head package (.chd) 

MNW  Multi-Node Well (MNW) 

The first field on the dialog is labeled Root File Name.  All MODFLOW files in a simulation have the 
same file name with an extension that describes the package name.  For example, if the root file name is 
“t2”, then the Basic package is called sim1.bas, the Well package is called sim1.wel, etc.  The file 
extensions used for each package are listed above. 

 
Below the root name is the MODFLOW version.  GV supports many versions of MODFLOW.  You must 
specify which one you intend to use.  These include: 
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Original (88/96)  

MODFLOW2000 

MODFLOW-Surfact/MODHMS 

MODFLOWT 

SEAWAT 

SEAWAT2000 

MODFLOW2005 

MODFLOW-USG BETA 

MODFLOW-USG v1 (usgs) 

MODFLOW6 (when available from USGS) 

 

If you select Original (88/96) or MODFLOW2000, you may also choose to have the model be in double 
precision.  Groundwater Vistas now comes with two versions of the original MODFLOW.  The first is 
called mfwin32.dll and is MODFLOW88 running in single precision.  This is the same version of 
MODFLOW that has been included in GV for years.  If you choose double precision, then you will be 
running mf96win32.dll.  This is the latest version of MODFLOW96 running in double precision.  The 
reason we have added this option is that some models, especially large ones, will converge faster and run 
better in double precision.  Note that although the model runs in double precision, output from the model is 
still in single precision to maintain compatibility with other models like MODPATH and MT3D.  Likewise 
there is a version of MODFLOW2000 that can run in double precision. 

When you select MODFLOW2005 as the MODFLOW version, which is the default version, you will be 
running mf2005win32.dll which is the latest version of MODFLOW2005 from the USGS.  MODFLOW-
SURFACT and MODFLOWT are special versions of MODFLOW that must be purchased separately from 
Groundwater Vistas.  Groundwater Vistas fully supports these other versions but they are not included in 
the cost of Groundwater Vistas.  SEAWAT and SEAWAT2000 are seawater intrusion models developed 
by the USGS.  Both are distributed with Groundwater Vistas.  SEAWAT is distributed to continue support 
for older models developed in previous version of GV.  You should use SEAWAT2000 version 4, though, 
as it is more up-to-date and receives better support from the USGS. 

Two versions of MODFLOW-USG (for unstructured grids) are distributed with Groundwater Vistas.  The 
beta version is the most up-to-date and advanced version of MODFLOW-USG and is not available in any 
other GUI.  MODFLOW-USG v1 (usgs) is the latest from the USGS.  Note that the USGS is generally at 
least a year behind the latest developments from the author, Sorab Panday from GSI Environmental. 

There are up to four columns of information to the right of each package name.  The first column to the 
right of the package name is labeled Unit No.  This refers to the FORTRAN unit number assigned to each 
package.  You may assign any number between 10 and 999, but all numbers must be unique (i.e., do not 
duplicate a number in two or more packages!).  Also, the Basic Package unit number should always be 1.  
At the bottom of the packages dialog is an option called “automatically reset package units”.  This option is 
checked by default and causes GV to check unit numbers to make sure they are set up correctly.  If you 
uncheck this option, then you will need to be careful when assigning unit numbers. 

Only place a unit number next to a Package that is part of your simulation.  Every simulation must have a 
BASIC Package, BCF Package, an Output Control Package, and a solver Package (SIP, SOR, or PCG2).  
Place a zero next to Packages you are not using.  For example, if you do not have any rivers in your 
simulation make sure that a zero is next to River in the Unit No. column. 

The second column is labeled Create? and may be checked or unchecked.  A check mark in this column 
means that GV will create this package.  If you have already created a certain package and nothing has 
changed, you may remove the check mark.  You may want to do this if one package takes a long time for 
GV to create or if you have modified the file outside of GV.  Make sure that the Unit No. field contains a 
non-zero number if the Create column contains a check mark.   
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The third column is labeled Cell-by-Cell Flow Unit No.  Like the package unit numbers described above, 
the Cell-by-Cell unit numbers refer to MODFLOW files.  In this case, the Cell-by-Cell files are output files 
containing groundwater mass balance information.  Place a non-zero number is this column if you want 
MODFLOW to save the mass balance data.  To plot velocity vectors, you must save Cell-by-Cell flow data 
for the BCF Package.  To get a complete mass balance analysis in GV, you must specify a cell-by-cell unit 
number for each package listed in column 3 that is part of the simulation.  These numbers must not be the 
same as those in column 1.  If you are using ESI’s Windows version of MODPATH, however, you should 
save mass balance information in the same file (using the same unit number).  In this case, you would 
specify the same unit number for all packages.  (Note: GV will check that the required cell-by-cell flow files 
exist when you create MODPATH data files.  GV will also check to see that the unit numbers are properly 
assigned in the preceding MODFLOW run.) 

You will see that there is a combo box field in column 3 next to the Solver package.  This determines what 
type of solver to use.  The original solvers in MODFLOW are the Strongly Implicit Procedure (SIP) and the 
Successive Over-Relaxation (SOR) packages.  Newer solvers include the PCG2, PCGN, and GMG 
packages.  You may choose any of these solvers.  Please note that PCG4 and PCG5 are reserved for 
MODFLOW-SURFACT and are not available for other MODFLOW versions.   

The fourth and last column on the dialog is labeled IUNIT Location.  This is the location in the IUNIT 
array in MODFLOW that represents the particular package.  The only reason these data are listed on this 
dialog is to maintain consistency with MODFLOW88 versions.  The values that show up as defaults are 
consistent with ESI’s MODFLOWwin32.  If you are using any other version, you may need to modify these 
values.  Contact your vendor if you are not sure.  Please note that the IUNIT Location for the Solver 
Package is only used for the PCG2 package.  The SIP and SOR solvers have standard IUNIT array 
locations.  You should never change these values without good reason. 

At the bottom of the Package dialog are three additional options related to the creation of data files.  Place a 
check next to Create Map File to write a new GV map file that has been offset and rotated using your 
current model settings.  The name of the map will be the root name and a .map extension, e.g., sim1.map.  
Placing a check next to Create Path3D Files creates MODFLOW files compatible with the Path3D 
particle tracking model.  Placing a check next to MT3D Flow Output causes MODFLOW to save flow 
information for a subsequent MT3D transport simulation.  The IUNIT Location number to the right of this 
option is consistent with most versions of MODFLOW and need not be changed. 

At the very bottom of the MODFLOW Packages dialog is an option called “Automatically reset package 
units”.  This option is on by default and causes GV to take control of turning packages on and off and 
making sure that unit numbers are correctly assigned.  Experienced users may want to turn this option off in 
order to assign their own unit numbers or to not create certain packages.  For example, if there are wells in 
the model, GV will automatically configure the well package to be created by GV.  However, you may use 
another program to create the well package input file.  In this case you would uncheck the “create” flag for 
the well package.  With the “automatically reset package units” on, however, GV would override this 
selection.   

The following is a summary of the MODFLOW input and output files describing the extension used by 
GV. 

 Package     Extension 

 Basic     bas 
 Block-Centered Flow   bcf 
 Output Control    oc 
 Strongly Implicit Package   sip 
 Successive Overrelaxation   sor 
 Preconditioned Conjugate Gradient 2 pcg 
 Well     wel 
 River     riv 
 Drain     drn 
 General Head Boundary   ghb 
 Stream Routing    str 
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 Recharge    rch 
 Evapotranspiration   evt 
 Horizontal Flow Barrier (wall)  hfb 
 Time-variant Constant Head  chd 
 Interbed Storage (compaction)  ibs 
 Multi-node well    mnw 

 Output files 

 Main output file    out 
 Head-save file    hds 
 Drawdown    ddn 

 Cell-by-cell for BCF   cbb 
 Cell-by-cell for Wells   cbw 
 Cell-by-cell for Rivers   crv 
 Cell-by-cell for Drains   cbd 
 Cell-by-cell for General Heads  cbg 
 Cell-by-cell for Streams   cst 
 Cell-by-cell for Streams (surface flow) st2 
 Cell-by-cell for Recharge   crc 
 Cell-by-cell for ET   cbe 
 MT3D flow file    mt3 
 

MODFLOW2000 
MODFLOW2000 uses the same packages as listed above for the standard version of MODFLOW and adds 
some new ones, primarily related to parameter estimation.  These new packages and their default 
extensions are listed below: 

 Package     Extension 

 Input files 

 Layer Property Flow   lpf 
 Hydrogeologic-Unit Flow   huf 
 Lake3     lak 
 Subsidence    sub 
 Stream Flow Routing   sfr 
 Drain Return Flow   drt 
 ET Segment    ets 
 Groundwater Management   gwm 
 Discretization    dis 
 Zone     zone 
 Multiplier    mult 
 Observation Process   obs 
 Head Observations   hob 
 River Observations   rvob 
 Drain Observations   drob 
 GHB Observations   gbob 
 Constant Head Observations  chob 
 Sensitivity Process   sen 
 Parameter Estimation Process  pes 

 Groundwater Management   gwm 

 Multi-Node Well 2   mnw2 

 Sea Water Interface 2   swi 
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 Output Files 

 Global output file    glo 
 Listing file    lst 

MODFLOW2000 is described in more detail in the chapter on model calibration.  It is recommended that 
you read the MODFLOW2000 manual before attempting to use this version. 

MODFLOW2000 is now considered a legacy version by USGS and is no longer being updated or 
supported.  We recommend that you use MODFLOW2005, which is now the default version in 
Groundwater Vistas version 7. 

MODFLOW2005 
MODFLOW2005 is the latest version of MODFLOW created by the USGS.  It adds one new package 
called the Unsatured Zone Flow (UZF) Package.  UZF is a more complex runoff-recharge-ET package, 
replacing the original recharge and ET packages.  The Parameter Estimation and Sensitivity Processes have 
also been dropped from the original MODFLOW2000.  When using MODFLOW2005 through 
Groundwater Vistas, set up the model as though you were using MODFLOW2000 and change the version 
of MODFLOW2005 under Model/MODFLOW/Packages.   

There is also a special version of MODFLOW2005 called the Conduit Flow Process (CFP) for simulating 
karst systems.  CFP is described later in this chapter.  MODFLOW2005 also adds a package called 
PARVAL, which is a substitute for the sensitivity (SEN) package of MODFLOW2000.  This change was 
required because parameter estimation was removed from MODFLOW2000 when updating to 
MODFLOW2005. 

 

 Package     Extension 

 Unsaturated Zone Flow   uzf 
 Parameter Value    parval 
 Conduit-Flow Process   cfp 
 Conduit Recharge   crch 
 CFP output control   coc 
 

MODFLOW-NWT 
MODFLOW-NWT is a variation of MODFLOW2005 that keeps cells from becoming desaturated.  It 
works similarly to MODFLOW-Surfact’s pseudo-soil functions, although the exact methodology is 
different.  MODFLOW-NWT has most of the capabilities of MODFLOW-2005 and has two new packages.  
The first is the Upstream Weighting (UPW) Package, which is just the LPF Package without any of the 
options available at the top of the input file (see Model|MODFLOW2005|Options – none of the first 5 
options at the top of this dialog are available in MODFLOW-NWT).  The second package is a solver 
package called NWT that takes the place of all other solvers.  None of the previous solvers (e.g. pcg2, 
pcgn, gmg, sor, sip) can be used with MODFLOW-NWT. 

 Package     Extension 

 Upstream Weighting   upw (same as LPF) 
 Newton Solver    nwt 
 

You activate the use of MODFLOW-NWT by first selecting MODFLOW2005 as the MODFLOW version 
under Model|MODFLOW|Packages.  Then select Model|MODFLOW2005|Packages and check the box that 
says “Use Upstream Weighting Package (UPW) and Newton Solver (NWT) instead of LPF Package”. 
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MODFLOW6 
MODFLOW6 is the latest version of MODFLOW that the USGS has created.  At the time this manual was 
written in early 2017, MODFLOW6 had not yet been released.  Eventually this version will be supported 
by Groundwater Vistas.  However, because all of the input and output files are different from any other 
version of MODFLOW, this will take some time to complete. 

 
MODFLOWT 
MODFLOWT uses the same packages as listed above for the standard version of MODFLOW and adds 
new ones related to transport, a new solver, and a new output control package.  These new packages and 
their default extensions are listed below: 

 Package     Extension 

 Input files 

 Block-Centered Transport   bct 
 Basic Transport    bst 
 Orthomin Solver for Flow   omn 
 Orthomin Solver for Transport  omt 
 Output Control for Transport  oct 
 Observation Nodes   obs 
 Recharge for Transport   rct  
 Evapotranspiration for Transport  (not supported) 
 SOR Solver for Transport   sot 

 Output files 

 Concentrations    cnc 
 Observation nodes   obh 

There are other output files created by MODFLOWT, but the ones listed above are the only ones processed 
by GV. 

MODFLOW-SURFACT 
MODFLOW-Surfact is NOT included with a Groundwater Vistas license.  It is an extra-cost add-on to 
Groundwater Vistas.  MODFLOW-SURFACT uses the same packages as listed above for the standard 
version of MODFLOW and adds new ones related to several enhancements to the flow model, a new 
solver, new output control, and a contaminant transport package.  These new packages and their default 
extensions are listed below: 

 Packages    Extension 

 BCF4     bcf 
 Recharge 4    rch 
 Fracture Well 4    fwl 
 Fracture Well 5    wl5 
 Automatic Time Stepping 4  ato 
 PCG4 Solver    pcg 
 PCG5 Solver    pg5 
 Transport Package   btn 
 Prescribed concentrations   pcn 
 Concentrations at constant heads  hcn 

 Reactions    rct 

 Transient Material Properties  tmp1 
Lake 2     lak2 
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The MODFLOW-SURFACT BCF4 package adds a variably saturated flow option to MODFLOW for 
improved simulation of water table layers.  You implement the BCF4 package by selecting MODFLOW-
SURFACT|Packages and adding a unit number (default should be 11) next to BCF4 and checking the box 
to create this package.  You implement the variably saturated option by selecting MODFLOW-
SURFACT|Options and click the BCF4 tab.  There is a check box at the top of the dialog labeled 
“Implement Variably Saturated Flow Option”.  Note that only confined (type 0) and unconfined (type 3) 
layers are supported by the BCF4 package.  If you try to set a type 1 or 2 layer, GV will automatically 
change them to type 3. 

Fracture wells (FWL4 Package) are implemented in GV using analytic wells.  You add a fracture well to 
the model by selecting Add|Well (see the Designing Models Chapter for more information). 

The new recharge package (RCH4 Package) contains two enhancements.  These include the ponding depth 
and seepage face nodes.  The ponding depth is a parameter in the Recharge database and seepage face 
nodes are implemented by checking the appropriate option for drain boundary conditions.  Note that 
MODFLOW-SURFACT actually requires the ponding elevation.  GV computes this by adding the ponding 
depth in the recharge database to the elevation of the top of layer 1. 

In MODFLOW-SURFACT Version 4, four new packages have been added.  These include FWL5, 
Reactions, PCG5 Solver, and Transient Material Properties (TMP1).  All are supported by Groundwater 
Vistas.  The PCG5 solver is extremely fast and worth the extra cost of that package.  The new chemical 
reaction modules are compatible with RT3D.  To use these new reaction types, you set up the reaction 
parameters on Model/Mt3d/RT3D Options.  Then on Model/MODFLOW-SURFACT/Packages, enter a 
non-zero unit number next to Reactions and check the 2nd column to create the file. 

MODPATH 
MODPATH version 3 data files are very similar to MODFLOW data files, especially for the boundary 
conditions (e.g., rivers, drains, etc.).  GV assigns the same extensions to these common files for both 
MODPATH and MODFLOW.  Therefore, you should use a different root file name for MODPATH 
simulations.  A good practice is to append the letters “mp” to the MODFLOW root name.  Thus, if your 
MODFLOW run is called “sim1” the MODPATH run will be “sim1mp”.  This is a convenient way to keep 
similar runs together in the same directory without getting too confused.  

The following are the MODPATH files created by GV and their default extensions: 

 Package     Extension or File Name 

 Input files 

 File names for simulation   modpath.dat 
 Main file    dat 
 Particle starting locations   ptr 
 Well     wel 
 River     riv 
 Drain     drn 
 General Head Boundary   ghb 
 Recharge    rch 
 ET     evt 

 Output files 

 Pathlines    ptl 

 Endpoint    ept 

 

MODPATH creates more output files that the one listed above, but only the pathline file is processed by 
GV.  The pathline file contains the coordinates and travel times for each particle.  GV uses this file to 
display the particle traces in plan and cross-sectional views.  If there is a problem with the MODPATH 
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simulation, the file called summary.pth contains the error messages.  You can view this file in a text editor 
such as Notepad. 

You must create a MODPATH file for each of the boundary files that you use in the preceding 
MODFLOW simulation.  For example, if you use the well package in MODFLOW, you need the well 
package in MODPATH.  MODPATH also requires the cell-by-cell flow output file for the BCF Package 
and for each of the head-dependent flow boundary conditions.  These include rivers, drains, general head 
boundaries, and evapotranspiration.  When using the older version of MODPATH (mpath.exe distributed 
with GV), you need to tell MODFLOW to write the cell-by-cell output to separate files.  This means that 
you must use a different unit number for each file.  In the case of the new MODPATH version for transient 
simulations (version 5), these cell-by-cell flows must be written to the same file!  This means that the unit 
number for the cell-by-cell output files must all be the same value. 

Note that for more recent versions of MODPATH (version 5, version 7, and mod-PATH3DU), the original 
MODFLOW files are used without recreating them. 

Mod-PATH3DU 
Mod-PATH3DU is the only particle tracking program available for MODFLOW-USG.  While technically 
MODPATH version 7 can also support MODFLOW-USG, we have not been successful using it for that 
purpose.  Thus, GV7 only uses MODPATH version 7 for normal structured MODFLOW runs. 

To use mod-PATH3DU, you must first register with S.S. Papadopulos & Associates (SSPA.com) where 
you can download the software.  Place the files related to mod-PATH3DU in the gwv7 folder so that GV 
can use them.  There are two programs needed to run mod-path3du.  The first is called writep3dgsf.exe and 
is called by Groundwater Vistas automatically when creating mod-PATH3DU input files.  This program 
converts the grid specification file (gsf) from the format that GV writes to the one that mod-PATH3DU 
needs.  The other program is called mod-path3du.exe which performs the particle tracking. 

Mod-PATH3DU has its own set of options under Model|MODPATH|mod-PATH3DU options. 

MT3D 
MT3D has relatively few packages compared to the other models listed above.  GV uses the same root file 
name as for MODFLOW when creating MT3D datasets.  The MT3D files and their default extensions are 
listed below: 

 Package     Extension 

 Basic Transport    btn 
 Advection    adv 
 Dispersion    dsp 
 Source & Sink Mixing   ssm 
 Chemical Reactions   rct 
 GCG Solver    gcg 

 Output files 

 Concentration file   ucn 
 Observation file    obs 

In order to run MT3D after a MODFLOW simulation, you must tell MODFLOW to save flow data for 
MT3D.  This is accomplished by checking the option labeled “MT3D Flow Output” on the MODFLOW 
Packages dialog. 

When using multiple chemical components, each component has its own binary concentration file.  The 
files are named using your root MT3D file name and then a number for the component.  For example, if 
your root name is MT3DRUN, then the binary concentration file for component 1 would be 
MT3DRUN1.UCN.  MT3D also now saves the sorbed concentrations to there own file.  Using the previous 
example, the sorbed concentrations would be in MT3DRUN_SORBED1.UCN.  Groundwater Vistas can 
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only display one component at a time.  Use Plot/Import Results and substitute whichever binary 
concentration file you want to contour next to the word “Concentration” on that dialog. 

Note that MT3D is not supported by MODFLOW-Surfact or MODFLOW-USG.  Both of these 
MODFLOW versions include their own transport modules. 

MT3D-USGS 
The most recent version of MT3D was released by the USGS in early 2017.  This new version is called 
MT3D-USGS.  It is an update to MT3DMS version 5.3 with four new packages added.  These new 
packages are fully supported by Groundwater Vistas version 7+. 

 Package     Extension 

 Contaminant Treatment System  cts 
 Unsatured Zone Transport   uzft 
 Lake Transport    lkt 
 Surface Flow Transport   sft 
 

PATH3D 
PATH3D uses the same files as MODFLOW does with two additions.  First, you must check the box 
labeled “Create PATH3D files” on the MODFLOW Packages dialog.  This causes GV to write additional 
information into the BCF Package input file.  GV also writes the PATH3D main data file to a file with a ptr 
extension and the same root file name as the MODFLOW run. 

PATH3D creates a file that is called p3dplot.dat.  This is the file used by GV to display the particle traces. 

Note that PATH3D is not distributed with Groundwater Vistas.  It must be purchased separately from S.S. 
Papadopulos & Associates (www.sspa.com). 

Running Simulations 
GV is designed to run each of the supported models from within GV and subsequently to process the 
results.  GV works best with ESI’s MODFLOWwin32, MODFLOW96win32 , MODFLOW2000win32, 
MODFLOW2005win32, MODFLOWbut can also use any other version of MODFLOW.  The only problem 
will be the passing of file names to these other versions.  GV automatically passes file names to 
MODFLOWwin32, MODFLOW96win32, MODFLOW2000win32, MODFLOW2005win32, MODFLOWT-
NWTwin32, MODFLOW-USGwin32, and MODFLOW-SURFACT.  This means that you do not need to type 
in any file names when these programs run.  If you are using a version of MODFLOW other than these 
versions, you will probably need to enter file names in response to prompts from MODFLOW. 

Note that the “win32” designation above means that we provide a windows interface to the MODFLOW 
model.  It does NOT mean that the software is 32bit instead of 64bit.  Both 32bit and 64bit versions of 
MODFLOW in Groundwater Vistas use the “win32” name.  If you have installed the 64bit version of 
Groundwater Vistas, you have the 64bit versions of the models as well. 

One other potential problem is related to the format of binary files.  GV requires that output files from each 
model be true binary files.  Models from other vendors sometimes produce files that are called 
“unformatted” files.  These are not compatible with GV.  This topic is covered in greater detail in the next 
chapter.   

Running simulations from within GV is a two-step process once you have designed the model, (1) set the 
appropriate options for the particular model you are using, and (2) select “Create Datasets”.  You first 
select Model|Paths to Models.  A dialog is displayed where you enter the path to the models you will be 
using.  By default, GV is set up to use MODFLOW2005win32.  In this case, the MODFLOW path should be 
set to mf2005win32.dll (for MODFLOW2005).   If you are using a command line version of MODFLOW, 
such as MODFLOW-SURFACT, you must first select do not use as the option labeled MODFLOWwin32 
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instead of “run – execute”.  Also, the command line argument at the right side of the dialog should 
generally be root.nam where root is your root file name.  Next, enter the path to your version of 
MODFLOW.  A browse button is provided to help you find the file. 

 
Generally, you do not need to modify the MODFLOW path as GV will automatically select the correct one 
when you change the model version under Model/MODFLOW/Packages.  However, it is a good idea to be 
familiar with how this works in case the model is not running. 

You must also enter the paths to MODPATH, MT3D, and PATH3D on this dialog.  MODPATH and 
MT3D also now have user interfaces like MODFLOWwin32.  There are also options for using the dll’s or for 
using dos applications just like MODFLOW. 

At the bottom of the dialog is a field labeled Working Directory.  This is the directory containing your data 
files.  A browse button is provided for you to select such a directory.  Simply select any file within the 
directory and click OK.  GV strips off the file name leaving the path to the directory. 

The second step in running a model is to simply select Run “model” from either the MODFLOW, 
MODFLOWT, MODFLOW-SURFACT, MT3D, or PATH3D menus.  If the model you are using is a DOS 
or console application, a black console window will open to run the model.  If you are using one of ESI’s 
DLL models, such as MODFLOW2005win32, a model window will be displayed to show you the progress of 
your simulation. 

If nothing happens when you try to run the model, then there is something wrong with the path to the 
model program.  Select Model/Paths to Models as described above and correct the path to the program file.  
When using ESI versions of the models, each model MUST have a DLL extension and the full path to the 
program MUST be included.  In addition, the option at the top of the dialog MUST say “Run – Execute”.  
The other potential problem is that you installed Groundwater Vistas from one of our update installers 
instead of the full installer.  The full installer registers DLLs with Windows which allows them to run. If 
you installed on a new computer from just an update, then the models will not run. 
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If you get an error message saying “An Error Occurred Attempting to Load Data File”, the most 
common problem is that you forgot to create the input files before running the model.  Or the version of the 
MODFLOW dll is incorrect. 

After the simulation is over, GV asks whether you would like to process the results.  Select Yes to read the 
output files and begin analyzing the simulation.  Analysis techniques are discussed in the next chapter.  
You do not need to import the results right away.  You may select Plot|Import Results to view the output 
at a later time. 

You may also click the calculator button,  , on the toolbar as a short-cut to creating data sets and 
running the model.  A dialog is first displayed asking whether you want to create the files for the run.  GV 
then runs the model automatically.  The model with a check mark next to its name at the bottom of the 
Model menu is the one that is used by GV. 

Assumptions Used in Creating Data Files 
Groundwater Vistas makes a variety of assumptions in turning your model design into files that are read by 
the various models.  You must be familiar with these assumptions and with the data input requirements of 
each model in order to be confident that your simulations are correct.  Please take the time to read this 
section and to study the documentation for each model you use. 

 

MODFLOW-USG (Unstructured Grids) 
MODFLOW-USG is a version of MODFLOW-NWT that uses the control volume finite difference 
technique in which model cell can be any shape.  The grids are called unstructured because the traditional 
row & column arrangement of MODFLOW is no longer assumed.  Instead, cells have node numbers and 
the discretization file describes how the nodes connect to each other along with the geometry of that 
connection.  Nodes can be numbered in any order. 

There are two versions of MODFLOW-USG in Groundwater Vistas.  The Beta version is the latest release 
from the primary author, Sorab Panday, and includes all of the latest bug fixes and new features.  This 
version is only available in Groundwater Vistas.  The second version is called version 1 and is from the 
USGS.  In general, most features in the beta version will eventually be in the USGS release.  However, 
USGS is very slow at releasing new updates.  Therefore, unless access to source code is an issue for you, 
the beta version is the one to use.  This version has the most up to date features and receives the best 
support. 

MODFLOW-USG is derived from MODFLOW-NWT and so shares most of the same Packages.  The main 
exceptions are the Unsaturated Zone Flow (UZF) Package and the Multi-Node Well (MNW1, MNW2) 
Packages.  The MNW packages are roughly equivalent to the Connected Linear Network (CLN) package 
but UZF does not have an equivalent package in MODFLOW-USG at this time.  MODFLOW-USG also 
adds a number of new packages, as outlines below: 

- Connected Linear Network (CLN) for wells, linear conduits, and surface streams, 

- Sink Return Flow (QRT) for extracting water from polyline CLNs and injecting elsewhere in the model, 

- Dual Porosity Flow (DPF), 

- Specified Gradient Boundary (SGB), 

- Transient Ibound (TIB), 

- Time-Variant Materials (TVM) to change hydraulic conductivity and storage transiently, 

- Block-Centered Transport (BCT) as a substitute for MT3D, 

- Prescribed Concentration Boundary (PCB), 
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- Density Driven Flow (DDF) for seawater intrusion modeling, and 

- Dual Porosity Transport (DPT). 

These new packages are described, along with all other MODFLOW packages, at the end of this chapter. 

Models are designed for MODFLOW-USG in Groundwater Vistas in one of two ways.  The first method 
starts with a normal MODFLOW regular grid.  Refinements are then added in the form of nested grids 
and/or quadtree refinements.  These are described in the previous chapter under grid design.  In the second 
method, a model design is imported from another software package using the Grid Specification File (gsf) 
and the Discretization File (DIS).  In the Professional and Premium versions of Groundwater Vistas, a 
program called AlgoMesh is provided for design of triangular and voronoi polygon meshes.  However, any 
grid design software can be used as long as it creates at least those two files.  This means that Vistas can 
work with cells of any shape. 

Aside from the new mesh types, using MODFLOW-USG is just like any other version of MODFLOW and 
the various package options are identical.  When viewing MODFLOW-USG input files, the original 
MODFLOW file structure is retained with two exceptions.  First, arrays of numbers (e.g. Kx) are provided 
in node order instead of row,column order.  Second, boundary conditions are defined using a node number 
instead of layer, row, and column.  However, because the grids are unstructured, the model is much more 
flexible.  For example, layers can now pinch out which is not possible in a traditional mudflow grid.  Also, 
cells can connect to cells in different layers in necessary.  These concepts are also discussed in the previous 
chapter on model design. 

MODFLOW-USG Options that are in addition to normal MODFLOW options can be found by selecting 
Model|MODFLOW-USG|Options, as shown below.  There are checkboxes to include nests and quadtree 
refinements.  The option to “Use Upstream Weighting on Convertible Layers” should generally be used 
and is equivalent to the MODFLOW-NWT method of keeping cells from desaturating.  When using this 
option, the next one called “Allow Automatic Adjustment of Well Flow Rates” should also be used so that 
wells in desaturated cells can be adjusted to keep the model stable (this is done automatically in 
MODFLOW-NWT).  Another option that simulated rigorous unsaturated flow is called “Use Richards 
Equation Formulation in BCF/LPF”.  When using the latter option, unsaturated zone parameters (Alpha, 
Beta, Residual Saturation, and Brooks-Corey Exponent) are found on the Props|Unsaturated Zone menu. 

The next set of options allow layers to pinch out using a threshold thickness value (default is 0.1).  You can 
also confine this pinching out to certain HSU zones.  You can also choose not to pinch out layer 1.  The 
latter is included because if layer 1 does pinch out, then recharge and ET files become much more complex 
and are therefore harder to edit and understand. 

When using nests and quadtree refinements, the numerical approximation is not as accurate as in a normal 
structured grid. Ghost nodes can be used to increase the accuracy of the calculations.  There are two options 
for using Ghost nodes.  The first option in implicit and the second option (used with the first) implements 
an explicit scheme.  The best approach to using ghost nodes it to start without them.  Then use the explicit 
option (check both ghost node options on this dialog).  If that works, then try turning off the explicit 
scheme.  One trick you can try if there are convergence problems is to use the results of the previous 
simulation (e.g. without ghost nodes or with explicit ghost nodes) as starting heads for the implicit ghost 
node simulation.  Ghost nodes are automatically added by Groundwater Vistas.  Your only option is 
whether to use them or not. 

The final options on this dialog allow you to use a staircase interpolation method for the Flow & Head 
Boundary (FHB) Package.  Normally MODFLOW uses linear interpolation. 

The final option is to write vertical anisotropy (Kx/Kz) to the LPF Package instead of Kz.  This is useful in 
model calibration if you want to estimate Kx but maintain a certain vertical anisotropy ratio automatically. 
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Running MODFLOW-USG and importing results works exactly the same as with other MODFLOW 
versions.  Note, however, that all binary files are in a different format than other MODFLOW versions.  
Groundwater Vistas knows how to read these files but if you have other software that reads MODFLOW 
binary output, they will not work with MODFLOW-USG output. 
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MODFLOW and MODFLOW2000/2005/NWT 
In general, the various versions of MODFLOW should all produce the same model results.  There can be 
differences, however, particularly when comparing runs using the BCF Package and the LPF Package.  The 
BCF Package (Block-Centered Flow) was the original package in MODFLOW88/96 where you enter 
hydraulic conductivity (or transmissivity) and vertical leakance (see discussion below).  The LPF (Layer 
Property Flow) Package was introduced in MODFLOW2000 and made two major changes when compared 
to BCF.  First, the vertical leakance coefficient was replaced by vertical hydraulic conductivity (Kz).  
Second, the storage coefficient was replaced with specific storage (see discussion below). 

The switch from vertical leakance to vertical K is what causes most of the differences between a typical 
MODFLOW96 run and the same model run in MODFLOW2000.  These differences happen because the 
vertical leakance in BCF does not change as the model runs.  In LPF, on the other hand, the internally 
computed vertical leakance does change as the water table moves up and down within a cell.  Changes were 
introduced in MODFLOW2005’s version of LPF that give you the option of having the internally 
computed vertical leakance be a fixed quantity. 

We should point out that you can still use the older BCF Package with MODFLOW2000 and 
MODFLOW2005 (and MODFLOW-USG also).  To do this, select Model|MODFLOW|Packages, put a 
non-zero number in the unit number column next to BCF (usually 11) and check the “create” column.  Put 
a number (usually 50) for cell-by-cell flow unit number.  Then Uncheck the option called “automatically 
reset package units” at the bottom.  If you do not do this, GV will just reset the run back to LPF.  Finally, 
go to Model|MODFLOW2000|Packages, enter a zero next to LPF, uncheck the “create” column, and 
make the cell-by-cell flow unit number zero. 

There is another slight difference between BCF and LPF that has caused our users some frustration in the 
past.  In the BCF Package, a layer type of 1 in layer 1 means that transmissivity is computed as the 
saturated thickness times the hydraulic conductivity.  The same type of calculation is performed in the LPF 
Package, but with one exception.  In LPF, the saturated thickness cannot exceed the difference between the 
top of layer 1 and the bottom of layer 1.  In BCF, with layer type 1, there is no maximum saturated 
thickness.  The LPF Package really only has confined layers (type 0) and BCF type 3 unconfined layers.  
The type 1 unconfined layer is not supported in LPF. 

Output Files Produced by MODFLOW 
MODFLOW produces both binary and text output files.  The binary files are the same regardless of which 
version you are using.  The heads computed for each grid cell are saved to a file with a *.hds extension.  
The drawdowns computed for each grid cell are written to the *.ddn file.  Cell-by-cell flows, the mass 
balance data for each grid cell, are written to one or more files depending on the cell-by-cell flow unit 
number entered on one of the Packages dialogs (e.g. Model|MODFLOW|Packages).  The main cell-by-
cell flow file used for the BCF or LPF Package has a *.cbb extension.  If all other packages use this same 
unit number (default is 50), then that is the only cell-by-cell flow file.  Other possible cell-by-cell flow 
extensions include the following: 

River   *.crv 

Drain   *.cbd 

GHB   *.cbg 

Well   *.cbw 

Recharge  *.crc 

ET   *.cbe 

Stream or SFR  *.cs1 or *.cst 
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FWL4   *.cfw 

Lake   *.cbl 

MNW Well  *.cmw 

UZF Package  *.cbz 

FWL5   *.cw5 

The main text file output has a *.out extension for MODFLOW88, MODFLOW96, MODFLOWT, and 
MODFLOW-Surfact.  MODFLOW2000 produces two text output files, *.glo and *.lst.  The latter contains 
the mass balance summary.  MODFLOW2005/NWT/USG just creates a *.lst file.  You can view the text 
output files for the run by selecting Model|MODFLOW|View Output File. 

Other packages, like the MNW package, can produce their own text and binary output.  Consult the 
documentation for each package to determine what these might be. 

Layer Elevations 
GV assumes by default that the bottom of a layer also represents the top of the underlying layer.  In most 
cases, the top of layer 1 is also required.  GV defines the top of layer 1 when you initialize your model 
design and uses this default value unless you modify the top elevation for layer 1.   

You only need to use the top elevation property when you need a detailed depiction of surface topography 
for the ET package or when there are gaps between model layers.  These gaps usually represent aquitard 
layers that are not being simulated explicitly.  This is called quasi-three-dimensional modeling.  In this 
case, you would define top elevations for each layer in the model.  You must check the options labeled 
“Use top elevations” on the BCF Package dialog (select Model|MODFLOW|Package Options  -  BCF-
LPF Package tab) if there are gaps between model layers. 

It is very important to recognize that if you choose the option to Use top elevations on the BCF-LPF 
Package dialog that you MUST define the top elevation of each layer!  If you only need to define the top of 
layer 1 then you do not need to set the BCF option to use top elevation zones.  GV always assumes that you 
need to define the top of layer 1. 

Layer Types 
Layer types determine whether a layer is confined or unconfined.  Layer type codes are required for both 
the MODFLOW88/96 Block-Centered Flow (BCF) package and the MODFLOW2000 Layer Property 
Flow (LPF) packages.  Layer types are defined on the Model|MODFLOW|Package Options and BCF-
LPF tab.  You can also access the layer options under Model|MODFLOW2000|Options – BCF-LPF tab. 
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When you first translate the model design into MODFLOW data sets, GV makes an initial guess regarding 
the layer types used to represent each model layer.  MODFLOW defines four layer types for the BCF 
Package as follows (See McDonald and Harbaugh, 1988, page 5-39): 

Layer Code (LAYCON)  Description 

0 Confined layer; enter transmissivity and storage coefficient. 

1 Unconfined layer (layer 1 only); enter hydraulic conductivity, bottom elevation, and specific yield 
as the primary storage coefficient. 

2 Confined/unconfined layer; enter transmissivity, bottom and top elevations, and two storage 
coefficients (storage & specific yield). 

3 Confined/unconfined layer; enter hydraulic conductivity, bottom and top elevations, and two 
storage coefficients (storage & specific yield). 
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You can use any of the LAYCON layer types described above.  GV will compute transmissivity from 
hydraulic conductivity and layer elevations for confined layers.  Note that in the Layer Property Flow 
(LPF) Package, only confined and unconfined layers (0 and 1) are used.  If you select any type other than 0 
above, then GV will assume the layer is unconfined. 

Calculation of the Leakance Coefficient 
Leakance coefficients are only required for the Block-Center Flow (BCF) Package.  They are not used for 
the newer MODFLOW2000 Layer Property Flow (LPF) Package.  Groundwater Vistas provides one of the 
most comprehensive leakance calculators of any modeling preprocessor.  GV uses several methods to 
define vertical leakance (VCONT in MODFLOW terminology) including the following: 

GV will automatically compute leakance from vertical hydraulic conductivity contained in the hydraulic 
conductivity database.  This is the default case and the one you should most often use.  To use this option, 
the option labeled “Compute Leakance” should be checked on the BCF dialog and the leakance option 
should be set to “leakance”. 

You define leakance zones for all but the bottom layer.  Values for each zone represent leakance 
coefficients that you compute by hand using vertical hydraulic conductivity and layer thicknesses.  GV 
simply copies these zone values into the VCONT array of the Block-Centered-Flow (BCF) Package (See 
McDonald and Harbaugh, 1988, page 5-37).  To use this option make sure that the option labeled 
“Compute leakance” is unchecked on the BCF Package dialog and that the leakance option is set to 
“Leakance”. 

You define leakance zones for all layers, with the leakance values actually representing vertical hydraulic 
conductivity.  You then set the Leakance option  on the BCF Package dialog to “Kz of Layer” and check 
Compute Leakance.  GV will then compute leakance from layer elevations and the vertical hydraulic 
conductivity values defined in the leakance zone array.  GV will ignore whatever value of Kz you have 
defined in the hydraulic conductivity database.  You should only do this when the pattern of Kz zones differs 
from horizontal conductivity. 

You define leakance zones for layers that have an underlying aquitard that is not being simulated in your 
model (i.e., quasi-three-dimensional model).  The leakance value in the database represents the vertical 
hydraulic conductivity of this underlying aquitard.  You set the Leakance option on the BCF Package 
dialog to “Kz of aquitard”.  GV performs the rigorous VCONT calculation in this case using the Kz 
parameter in the hydraulic conductivity database for aquifer layers and the leakance value for the Kz of the 
aquitard.  GV gets the thickness of the aquitard from the thickness of the gap between layers.  If there is no 
gap (i.e., the bottom of the overlying layer and the top of the underlying layer are the same), GV does not 
use the Kz value in the leakance database. 

Leakance represents the vertical anisotropy of the layer.  In this case, GV gets the Kz for each cell by 
dividing the Kx value by the data in the leakance database.  You specify this option by setting the leakance 
option on the BCF Package dialog to “vertical anisotropy”. 

One other thing to keep in mind is how GV computes the thickness of a cell.  For Type 1 and 3 layers 
(unconfined), GV first compares the starting heads to the top of a layer.  If the starting heads are below the 
top of the layer, GV uses the saturated thickness in computing leakance. 

A good practice is to define the vertical hydraulic conductivity for each model cell rather than the leakance 
coefficient.  This should be done for a couple of reasons.  First, MODFLOW is one of the only ground-
water flow models that requires the user to compute a vertical leakance coefficient.  Most other flow 
models require vertical permeability as input and vertical conductances are computed by the code.  Second, 
GV will accurately compute the leakance term for MODFLOW using layer elevations and vertical 
hydraulic conductivity (See McDonald and Harbaugh, 1988, page 5-11 for formulas used in computing 
vertical leakance). 

Now that MODFLOW2000 has been released, you can begin to forget about VCONT or leakance.  When 
using MODFLOW2000 with the new Layer Property Flow (LPF) package, you specify Kz for each cell 
instead of VCONT.  You may also continue to use the older BCF package with MODFLOW2000; 
however, you may not use the parameter estimation features of MODFLOW2000 with the BCF package. 
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Storage Versus Specific Storage 
In the MODFLOW BCF Package, the storage coefficient or storativity (dimensionless) is input for confined 
layers.  This is shown in the Storage database as “S”.  In the LPF package, specific storage (L-1) is used.  
This is designated in the Storage database as Ss.  Remember that the storage coefficient equals specific 
storage times layer thickness.  Groundwater Vistas assumes that the S parameter in the storage database is 
the storage coefficient when creating the BCF Package and specific storage when creating the LPF 
package.  This presents an inconsistency then when you want to switch back and forth between the two 
models. 

To solve this problem, always put specific storage in the storage database under the S column (1st column 
in database or first matrix when using matrices).  Then select Model|MODFLOW|Package Options and 
click on the Block Centered Flow tab.  Check the option labeled Storage Coefficient Represents Specific 
Storage.  Now, you can use both models without worrying about converting between the two parameters. 

 
Note that MODFLOW2005 has added another option to the LPF Package so that the storage coefficient can 
be used in the LPF Package.  This option is selected under Model/MODFLOW2005/Options. 

Solver Settings 
There are several solvers to choose from when using MODFLOW.  The solvers available for all 
MODFLOW models include SIP (strongly implicit procedure), SOR (successive over-relaxation), PCG2 
(pre-conditioned conjugate gradient), PCGn (PCG for nonlinear problems), and GMG (geometric 
multigrid).  We recommend that you use PCG2 for most models.  Typical settings would be the following: 
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The last option on the PCG2 tab can be handy when the solver gets close to converging but never quite 
converges.  If the head tolerance looks like it is being met after each outer iteration but the model does not 
converge, try setting this value from 9999 to 5.  Make sure to check the MODFLOW output file, though, to 
be sure that the mass balance error is small. 

PCG4 and PCG5 are solvers used exclusively by MODFLOW-SURFACT.  Do not use these solvers unless 
you are using MODFLOW-SURFACT.  If you are using MODFLOW-SURFACT Version 3, the PCG5 
solver costs extra but is much faster than any other MODFLOW solver. 

GMG is a very fast solver for MODFLOW2000 and MODFLOW2005.  It works by solving for head in a 
coarse representation of your model and iterating by increasing the resolution up to your grid size.  For 
some very large models, GMG can be much faster than PCG2.  When using GMG, it is best to use the 
coarsening option 1 (row and column) and use adaptive damping. 

Link-AMG (LMG) is a proprietary solver that can be purchased separately as an add-on to Groundwater 
Vistas.  It is extremely fast for many problems.  It works much like the GMG solver. 
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MODFLOW-NWT and MODFLOW-USG use their own solvers.  These are NWT for MODFLOW-NWT 
and SMS for MODFLOW-USG.  They are automatically selected by Groundwater Vistas when these 
models are used. 

Defining Stress Periods 
MODFLOW breaks up a transient simulation into stress periods and time steps.  Within a stress period, all 
boundary conditions are constant.  When you define a boundary cell in GV, you have the option of 
specifying the boundary as either steady-state or transient.  Steady-state boundary conditions are active 
during the entire simulation.  If you are running a transient simulation, steady-state boundary conditions are 
active during all stress periods. 

You enter the starting stress period, ending stress period, and boundary head and concentration for each 
transient boundary condition.  When writing out boundary data for each MODFLOW stress period, GV 
scans through each boundary condition to see if it is active during that stress period. 

You specify the length of each stress period by selecting Model|MODFLOW|Stress Period Setup.   

 
A new feature in MODFLOW2000 is that each stress period can be either steady-state or transient.  In the 
older versions of MODFLOW, all stress periods were either steady-state or transient but you could not mix 
them up.  You specify the type of stress period for MODFLOW2000 by selecting 
Model|MODFLOW2000|Stress Period Types|Edit Stress Period Types. 

Another option related to transient models is the calculation of drawdown by MODFLOW.  Normally, 
MODFLOW computes drawdown in any given time step by subtracting the heads computed for that time 
step from the initial heads of the simulation.  It is often desirable, however, to have MODFLOW compute 
drawdown based on the heads computed for another time step.  For example, you may want drawdown to 
be computed based on the steady-state heads computed in stress period 1.  MODFLOW2000 and 
MODFLOW2005 have an undocumented feature that allows this to happen.  Select 
Model/MODFLOW/Package Options – Output Control tab and turn on the option for custom output 
control.  Then enter the number of custom time steps.  MODFLOW will only write information for the time 
steps you choose when using custom output control. 
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Now, select Model/MODFLOW/Custom Output Control.  Enter the information as shown below. 
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Enter the stress period number and time step number in the first two columns.  Then enter a 1 in the other 
columns to save head, drawdown (ddn), cell-by-cell flows (cbc), and concentration (MODFLOW-
SURFACT only) to binary files.  Enter a 1 in the columns on the right side of the spreadsheet to print these 
values to the text output file.  The “Ddn Ref” column is the flag that tells MODFLOW to compute 
drawdown from the results of this time step. 

Density Correction for Boundary Heads 
GV can compute equivalent fresh-water heads for constant head or any other boundary condition.  The 
computation is based upon the concentration specified for each boundary cell, the fractional increase in 
brine density at the maximum brine concentration (entered on the Model|MODFLOW|Density 
Correction dialog), and the maximum brine concentration (also entered on the Density Correction dialog).  
The equation used to compute the equivalent head is specified below: 

   ∆ ∆H = C
C

(h - z )i
i iρ

max
1 

 

where: 

 ∆H = head correction added to boundary head 

 ∆ρ = fractional increase in brine density 

 hi = boundary head at cell i 

 zi = elevation at the center of cell i 

 Ci = concentration at cell i 

 Cmax = maximum brine concentration 

 

The fractional increase in brine density (∆ρ ) would be 0.025 for standard seawater.  The concentration at 
the cell is the concentration specified for the boundary condition.  Normally you should use a concentration 
of 0.0 for freshwater and 1.0 for seawater. 

MODPATH 
MODPATH is an advective transport model that works with output from the MODFLOW model.  
Advective transport means that contaminants (in this case particles) only move with groundwater.  There is 
no dispersion and chemical reactions are not simulated.  The only output is the flowpath of the particles 
through the aquifer.  Particles can be tracked along with groundwater flow (called forward tracking) or in 
the opposite direction of groundwater flow (reverse tracking).  In addition to the flowpath, travel times are 
computed along the flowpath.  See the next chapter for options used in displaying the resulting particle 
flowpaths and travel times. 

MODPATH tracks particles differently depending on whether your MODFLOW model is transient or 
steadystate.  For one-stress period steadystate models, MODPATH will track particles until they are 
captured, no matter how long that takes.  In transient models, however, particles are only tracked for the 
length of the simulation.  If the simulation is only one year in length, then particles only move for one year.  
If you see very short pathlines, the problem is likely the length of your model run compared to the 
groundwater velocity.  You can trick MODPATH into moving the particles further by drastically reducing 
porosity.  However, note that when you do this the travel times are not correct. 

There are several versions of MODPATH available in Groundwater Vistas.  MODPATH version 2 is only 
for use with steadystate models.  MODPATH version 3 must be used with MODFLOW-Surfact and 
MODFLOW88/96 models.  For newer versions of MODFLOW (2000, 2005, NWT0, use MODPATH 
version 5 or 7.  Use mod-PATH3DU with MODFLOW-USG.   
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If you are using MODFLOW-Surfact, a special version of MODPATH is required if you are using either 
the ATO Package, FWL Packages, or unsaturated zone flow.  This program is called mpath3_v3.exe and 
should be automatically selected by Groundwater Vistas (note that the name of this program may change in 
the future).  Before running modpath, you must select Model|MODFLOW-Surfact|Options and turn on 
the option to save the MPH file.  Then rerun MODFLOW-Surfact before running modpath. 

When planning for the modpath simulation, you may need to make a few changes to your MODFLOW 
simulation.  MODPATH requires you to save heads and cell-by-cell flows for all time steps.   In addition, 
the cell-by-cell flows for the River, Drain, GHB, Stream, and Evapotranspiration Packages must be saved 
to one file.  This means that under Model|MODFLOW|Packages the cell-by-cell flow unit numbers for 
these packages must be the same as the BCF or LPF Package (whichever you are using).  By default, this 
unit will be 50 in Groundwater Vistas. If you have to change any of these settings, you must run the 
MODFLOW model again before running MODPATH. 

Note that when using mod-PATH3DU, you do not need to save every time step to the binary file.  
However, you should use caution if you do not do this because mod-PATH3DU will be interpolating 
between time steps.  If the flow field is not smoothly varying, then errors will occur due to this 
interpolation. 

Prior to running MODPATH, you need to add particle starting locations (AE|Particles|…), make sure that 
porosity values in the model are reasonable, and confirm the MODPATH options for the simulation.  
Particles may be entered individually, around a circle, along a line, or within a windows or polygon.  
Circles of particles are most useful for reverse tracking around wells to outline the capture zone.   

When adding particles, there are a couple of options on the particle dialog that affects the MODPATH 
simulation.  The dialog from a single particle is shown below.  The Z Offset is what MODPATH calls the 
vertical location of the particle within the model grid cell.  This number ranges between zero (bottom of the 
cell) and one (top of cell).  If the model cell contains the water table, a value of one means the water table.  
There are some non-intuitive implications for choice of Z Offset.  If you add particles in layer 1 with a Z 
Offset of 1 (water table) and then track upgradient, the particles will probably not move very far if at all.  
This is because in a 3D sense, upgradient is into the unsaturated zone. 

By default, you enter one Z Offset value.  However, if you want to construct a cross-sectional flow net, you 
may release particles at multiple vertical points within the cell.  In this case, enter a number greater than 1 
for “Number of Vertical Release Points” and then a range in Z Offset.  Particles will be released at equal 
vertical distances between those two Z Offset values. 
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The second important option on the particle dialog is the release time.  By default, the release time is zero, 
which corresponds to either the beginning of the simulation (forward tracking) or end of the simulation 
(reverse tracking).  You may release particles at other times, which are computed as the elapsed time from 
the beginning of the simulation in model time units.  If your model uses time units of days (most common), 
then release time is in days.  Note that for transient reverse tracking, release time must be zero.  
Groundwater Vistas will override whatever you enter here in that case and force it to be zero. 

You may notice two other items on this dialog in the area labeled “Optimization of Managed Pumping”.  
This information (weight and maximum travel time) is only used with the Brute Force optimization model 
and is never used by MODPATH directly. 

Quasi-3D Layers 
In a quasi-3D model, the confining beds are not simulated.  In order for modpath to compute the correct 
travel time through these confining beds, modpath needs to know the thickness and porosity of the unit.  
Select Model|MODPATH|Layer Geometry to enter the number of confining beds.  Select 
Model|Modpath|Confining  Beds to enter the thickness and porosity.  The confining bed is assumed to be 
under the specified layer.  In the example below, the layer 1 confining bed would be between layers 1 and 
2. 
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Defining Stress Periods 
MODPATH uses the same stress period information as MODFLOW. 

 

Cell-by-Cell Flow Files 
MODPATH needs heads and cell-by-cell flows for each time step of the MODFLOW run.  If you are 
simulating particle movement for only a subset of the flow model run, then it only needs every time step 
during that subset.  

MODPATH requires that the preceeding MODFLOW simulation create a head-save file (hds), the cell-by-
cell flow output file for the LPF or BCF Package (cbb), and for each of the head-dependent flow boundary 
conditions.  These include rivers, drains, streams, general head boundaries, and evapotranspiration.  When 
using the older version of MODPATH (version 2), you need to tell MODFLOW to write the cell-by-cell 
output to separate files.  This means that you must use a different unit number for each cell-by-cell flow 
file.  In the case of the new MODPATH version 5 for transient simulations (the Windows DLL version 
distributed with GV), these cell-by-cell flows must be written to the same file!  This means that the unit 
number for the cell-by-cell output files must all be the same value.  By default, GV is set up to run the 
newer Version 5 of MODPATH using ESI’s DLL version of MODPATH. 

GV checks cell-by-cell flow unit numbers in the MODFLOW run when you create MODPATH data files.  
You can find out if there is an error by checking the MODPATH error file after creating the data files.  GV 
will also check to see that each required cell-by-cell flow file actually exists before running MODPATH.  
Since invalid unit numbers and non-existent files are the two most common problems when running 
MODPATH, GV helps solve these problems before you make the simulation. 

Particle Options 
Modpath can track particles either in the direction of groundwater flow (forward tracking) or upgradient 
(reverse tracking).  Select Model|MODPATH|Particle Options to determine which you want to use.  In 
addition there are several other options.  Normally MODPATH only saves the particle location as it enters 
and leaves a cell.  If this is not smooth enough, you can turn on the Intermediate Times option.  The time 
step size and number of steps are then used to determine how many intermediate times to track.  Note, 
however, that this option will create a very large particle output file and may take a very long time for 
Groundwater Vistas to process. 
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The “weak sink” option determines what to do with a particle that enters a boundary condition cell that is 
not creating a well-defined cone of depression.  The default setting is to pass through a weak sink.  In this 
case, the particle will not stop at the boundary cell.  The other possibility is to stop at a weak sink, in which 
case the particle will stop at any cell containing a boundary condition.  There is a third option where you 
can specify a number between 0 and 1.  If the boundary condition is removing that amount of the total flow 
in the cell, then the particle will stop.  So if you enter 0.5 and the boundary condition is removing more 
than 50% of the groundwater flowing through that cell, the particle would stop there.  Otherwise, it would 
keep on moving. 

The “Modpath Version 3” options are for transient models.  The time at the start of the simulation is almost 
always going to be zero.  You then specify the starting time step and stress period and the ending time step 
and stress period.  To track the whole run, enter 1 for both starting time step and starting stress period.  
Enter the total number of stress periods for the ending stress period and the number of times steps in that 
period as the last time step (note that the last time step is not a cumulative total number of time steps but 
must be less than or equal to the total number of time steps in the specified stress period).  These time step 
and stress period options relate to the particle release time, which is entered on every particle you place in 
the model.  The default is zero, which is the beginning of the simulation.  For reverse tracking in a transient 
model, particles must always be released at the end of the simulation. 

If you release particles at time zero (default) and then enter a starting time step and stress period other than 
1, Modpath will give an error and stop.  The only way to use a starting time step and stress period other 
than 1 is if the release time on all particles is at or beyond that time step number. 

There are several additional options at the bottom of the particle options dialog.  Normally Modpath will 
track the particles until they are captured (steadystate) or they reach the last time step and stress period.  
You may elect to stop them sooner, however, by specifying an elapsed time.  The final option tells modpath 
to use an existing *.cbf file.  When MODPATH runs, it combines the flows from all MODFLOW cell-by-
cell flow files into a file with a *.cbf extension.  For very large runs, this can take time.  If you have not 
changed the flow simulation, you can save time by using the cbf file created from a pervious Modpath run. 

There are a few MODPATH version 7 specific options at the very bottom.  These include an option to 
place dry cell particles in the highest active layer and to extend tracking time beyond the end of the stress 
period.  The latter is also available in mod-PATH3DU and is extremely useful.  For example, if you 
transient model only simulates one year of flow, particle paths will be very short because groundwater does 
not move very quickly.  Using this new option, the particles would continue to migrate beyond one year 
using the flow field from the last time step of the simulation (or in the case of reserve tracking, using the 
first time step flow field).  You can also quickly reset the release time on all particles by entering a release 
time here. 
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The Model|Modpath|mod-path3du options contains all options for this version of modpath. 
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Be sure that the mod-PATH3DU version at the bottom is consistent with the one you are using.  Also, if 
you encounter odd particle tracking behavior, try using the “Waterloo” method under the tracking method.  
This will result in longer tracking simulations but gets around some issues in the other methods.  Please 
condsult the mod-PATH3DU manual for explanations of these other fields. 
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MT3D 
Groundwater Vistas comes with a Windows version of MT3DMS Version 5.3 and MT3D-USGS.  MT3D-
USGS is the very latest release of MT3D by the USGS.  MT3DMS simulations require you to first run 
MODFLOW and save a “flow-link” file (see below).  The MT3DMS run follows the MODFLOW run and 
reads groundwater flow data from that previous run. 

Prior to running MT3DMS you need to define some or all of the following information: 

- Effective porosity (see Props|Storage) 

- Longitudinal, transverse, and vertical dispersivity (Props|Dispersivity) 

- Chemical reaction data (Props|Chemical Reactions) including distribution coefficient (Kd), half-life, and 
bulk density. 

- Contaminant boundary conditions 

- Initial concentrations 

 

The last 3 items must be entered for each component.  Component-specific property data are entered for the 
“current component” number.  This is selected using the component number on the reference cube (left side 
of your GV window) or using Props|Current Component.  This affects chemical reactions property, initial 
concentrations, and concentration data in the recharge property.  You define the number of components for 
a transport run using Model|MT3D|MT3DMS Options.   

You must also tell GV to store initial concentrations and recharge concentrations for multiple components.  
By default, GV only stores this data for component #1.  We do this to save memory.  If you need these data 
stored in your model, select Model|MT3D/RT3D|General Options.  There are checkboxes on the default tab 
to store recharge and initial concentrations for all components. 

Contaminant boundary conditions include constant concentration boundary condition and concentrations 
applied to other boundary types (river, GHB, stream, recharge, well).  Constant concentration boundary 
conditions are defined using BCs|Constant Head/Conc.  When using this boundary type, be sure to check 
the option that says “Concentration value is constant or specified”.  If the cell is not also a constant head 
boundary, then uncheck the option that says “Head value is constant or specified”.  If the boundary 
condition is transient, uncheck the steadystate flag and click the “Transient Data” button.  Concentrations 
(and heads) are then entered in the transient data spreadsheet as described in the “Designing Models” 
chapter. 

When using constant concentrations for multiple components, check the option that says “All Component 
Concentrations are Constant” and “Store Data for More than one component”.  Click the “Component C.” 
button to enter data for components greater than 1.  Component 1 is entered on the main dialog and in the 
transient data spreadsheet.  If one of the components is not constant, enter a negative value (e.g. -1.0) and 
MT3D will not make that one constant. 
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Most other boundary conditions also have concentration fields as shown above.  For those boundary types 
(e.g. river, well, stream, GHB), the concentration value is only used by MT3DMS if that boundary 
condition is injecting water into the aquifer.  If the boundary condition is extracting water, then the 
concentration is ignored for all components. 

Initial concentrations are the contaminant concentrations used at the start of a transport simulation.  There 
is also a second initial concentration for this property.  This is the sorbed concentration, which in MT3DMS 
is called SRCONC. SRCONC is the user-specified initial concentration for the sorbed phase of a particular 
species if ISOTHM = 4 (see Model|MT3D|General Options – Reactions tab). Note that for equilibrium-
controlled sorption, the initial concentration for the sorbed phase cannot be specified. SRCONC is the user-
specified initial concentration for the immobile liquid phase if ISOTHM = 5 or 6 (unit, M/L3). 

Packages 
There are six packages in MT3DMS, including the Basic Transport (btn), Advection (adv), Dispersion 
(dsp), Source & Sink Mixing (ssm), GCG Solver (gcg), and Chemical Reaction (rct).  MT3D-USGS added 
4 new packages called Contaminant Treatment System (CTS), Unsatured Zone Transport (UZT), Lake 
Transport (LKT), and Stream Flow Transport (SFT).  The MT3D packages dialog includes check options to 
create and include the packages in an MT3D simulation.  Place a check mark in the Include column next to 
each package you need in the simulation.  Place a check mark in the Create column for packages you want 
GV to write.  If you have made changes outside of GV, you may not want to recreate these files because 
you will lose your changes.  

Each MT3D simulation requires the Basic Transport, Advection, and Source & Sink Mixing packages.  If 
you do not want to simulate dispersion, do not include the Dispersion package in your simulation.  You do 
not need the chemical reactions package if the contaminant you are simulating is conservative (no decay 
and no retardation). 

Required MODFLOW Files 
MT3D requires that you make a MODFLOW simulation and create the MT3D flow file before each MT3D 
run.  The MT3D flow file is created by checking the option at the bottom of the MODFLOW Packages 
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dialog.  The default name of this file is root.mt3, where root is the root file name displayed on the 
MODFLOW Packages dialog.  When using MODFLOW2000, the flow-link file is called root.fwl. 

There are three versions of the MT3D flow link file.  ESI’s MODFLOWwin32 can create both versions.  You 
must first select the version of MT3D you will be using on the Model|MT3D/RT3D|Packages dialog.  
You then check the option on the MODFLOW Packages dialog to create the MT3D flow link file.  Finally, 
you create MODFLOW files and rerun the flow model.  Groundwater Vistas will make sure the correct link 
file format is chosen based on these selections. 

Simulation Length 
MT3DMS simulates the same time period as the preceding MODFLOW simulation.  If the MODFLOW 
run is steadystate, the stress period length defined under Model|MODFLOW|Stress Period Setup does not 
matter to MODFLOW.  However, it does affect the MT3D run.  If you want to run MT3DMS for 3650 
days, then you must reset the stress period length of the MODFLOW run to 3650 as well. 

MT3DMS and MT3D’99 
The newer versions of MT3D (MT3DMS and MT3D’99) are all supported by GV.  Options specific to the 
new version are found by selecting Model|MT3D|Options and click on the MT3DMS tab.  By default, GV 
creates data files compatible with MT3DMS.   

The most significant change in the newer MT3D files is the definition of chemical reaction parameters on a 
cell-by-cell basis.  The older MT3D versions defined chemical reaction parameters as homogeneous by 
layer.  To use the new MT3D approach, you must check the option labeled Write chemical reaction 
coefficients cell-by-cell.  The only thing to watch for is that the second sorption parameter MT3D’96 is 
defined using the Kd Exponent parameter in the Diffusion database.  The second sorption parameter in the 
older MT3D format is taken from the chemical reactions dialog (Model|MT3D|Chemical Reactions). 

RT3D 
Groundwater Vistas now supports the RT3D model as a special subset of MT3D simulations.  The RT3D 
program is distributed with GV as a command line version called rt3d_v25.exe.  Note that this version is 
really really really old.  It will ONLY work with MODFLOW2000 and MODFLOW88/96.  None of the 
newer versions of MODFLOW work with RT3D any more due to changes in the link file format. 

RT3D is used just like MT3DMS with the exception of the reaction package options and some other 
aspects described below.  To run RT3D, just select Model|MT3D/RT3D|Packages and choose RT3D as 
the version at the bottom of the packages dialog.  You then select Model|MT3D/RT3D|RT3D Options to 
select the reaction model and other options. 

RT3D supports seven specialized reaction models, all of which use multiple chemical components.  These 
components affect boundary conditions, recharge concentrations,  initial concentrations, and chemical 
reaction parameter databases in Groundwater Vistas.  The RT3D Options dialog is shown below and 
referenced in the following discussion of how each aspect of RT3D is implemented in Groundwater Vistas. 
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Reaction constants.  RT3D uses a variety of reaction constants depending on the reaction model chosen.  
In the example above, there is only one called O2/BTEX Ratio.  This value must be entered as specified in 
the RT3D manual.  You should consult that manual for more information.  There is an option at the bottom 
of the dialog called “All Reaction Coefficients are Variable”.  When unchecked (the default case), then the 
values entered on the RT3D options dialog are assumed to apply to all model cells.  If you check this 
option, the values are entered for the Half-life parameter in chemical reactions property (Props/Chemical 
Reactions).  The component number on the 3D cube at the left side of the GV window determines the 
reaction coefficient number you are editing.  The constants are numbered in the order given above.  They 
are in order from 1 to N on the Rt3d reactions dialog.  Note that for reaction coefficients that represent a 
degradation rate, the value you enter is the natural log of 2 divided by the half-life.  In a normal mt3d 
simulation, GV computes this for you so you just enter the half-life.  But for RT3D it is different. 

Boundary Conditions.  Each boundary condition may have an associated concentration just like in MT3D 
and the other supported transport models.  In addition, however, RT3D allows you to specify 
concentrations for each mobile component.  To do this, you need to check the box labeled Store data for all 
chemical components.  When you check this option, the button labeled "Component C." becomes active 
and you can enter concentrations for other components.  Components are numbered from 1 through 
MCOMP components (see RT3D documentation).  The first component is the normal one entered on the 
boundary condition dialog or by pressing the "Transient Data" button on the boundary condition dialog.  
Components 2 through MCOMP are entered by pressing the "Component C." button. The default condition 
is that these additional component concentrations are not stored.  This saves a tremendous amount of 
memory.  You should only store component concentrations when necessary and not on a routine basis. 

A special feature is also available for the constant concentration boundary conditions.  You have the option 
of having all component concentrations constant or only component number 1.  RT3D is more general than 
this, allowing you to set any of the components constant.  To keep a component from being constant, enter 
the concentration for that component as a negative number (e.g. -1). 
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Each component is referenced by a number.  The components are numbered in order as they appear in the 
RT3D manual (and the dialog shown above) for each reaction model.  To confirm the component numbers, 
select Model/MT3D/RT3D Options.   

Recharge Concentration. You may specify the concentration for any mobile component that will be 
infiltrated with recharge.  By default, however, this option is disabled to save memory.  To activate the use 
of more than one component with recharge, choose Model/MT3D/RT3D Options and check the box at the 
top of the dialog labeled Store Component Recharge Concentrations.  To edit the component recharge 
concentrations, you first select Props/Recharge to edit his property.  Next, select Props/Current Component 
and enter the number of the chemical component you wish to edit.  Finally, select Props/Property 
Values/Database and enter the concentration for that component in the third column of the database.  All 
components must use the same pattern of recharge zones but may have different concentrations in the 
database corresponding to each zone number. 

Each component is referred to by a number.  The components are numbered in order as they appear in the 
RT3D manual for each reaction model.  To confirm the component numbers, select Model/MT3D/RT3D 
Options.   

Initial Concentrations. GV assumes that, by default, only the first chemical component will have non-zero 
initial concentrations.  To enter initial concentrations for other components, select Model/MT3D/RT3D 
Options and check the box at the top of the dialog labeled Store Component Initial Concentrations.  To edit 
the component initial concentrations, you first select Props/Initial Concentrations to edit his property.  
Next, select Props/Current Component and enter the number of the chemical component you wish to 
edit.  Finally, select Props/Property Values/Database and enter the concentration for that component in the 
first column of the database.  Each component may have a different pattern of zones and a different 
database. 

Choosing a Reaction Model. The first seven reaction models are supported by GV.  You select the model 
for your simulation by selecting Model/MT3D/RT3D Options.  You first check the box labeled "Create 
RT3D Datasets".  This option tells GV to create RT3D files the next time MT3D datasets are created.  The 
reaction model is selected from a pulldown combobox on this dialog.  As you select the specific model, the 
lower portion of the dialog displays component names, values for RTOL and ATOL variables, and reaction 
constants.  Be sure to confirm that the reaction constants are correct before running the model!  This 
is especially true for the decay rates, which have default values of one year (assuming that you are 
using time units of days).  Note also that the decay constants on this dialog must be computed as the 
natural log of 2.0 divided by the half-life of the contaminant.  GV does not compute this for you. 

Postprocessing.  When you import results from RT3D, you will need to use the *.UCN files just like 
MT3DMS.  You will see several of these, one for each component.  If your root file name was RT, then 
you will see files names RT001.UCN, RT002.UCN, etc.   

Limitations.  There are certain limitations to the number of RT3D features supported by GV.  These are 
summarized below: 

Only reaction models 1 through 7 are currently supported. 

All chemical components use the same pattern of zones in the 
Recharge property. 

Results for only one component may be contoured at any one 
time. 

SEAWAT2000/SEAWAT version 4 
Groundwater Vistas supports SEAWAT2000 Version 4, as well as older versions.  Only the newest version 
is described below.  Please read the SEAWAT2000 manuals before using this complex model.   

To use SEAWAT, you set up a MODFLOW/MT3DMS run like you normally would for a normal flow and 
transport simulation.  One major difference is in the flow boundary conditions (e.g. a constant head along 
the coast).  In boundary conditions that represent seawater, make sure to specify a concentration of either 
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2.185 lb/ft3 or 35 kg/m3 for seawater.  You also need to use the correct mass units (lb or kg) for MT3D 
under Model/MT3D/General Options - Basic Transport tab. 

Another important consideration is the head assigned to the boundary.  The original SEAWAT required 
that heads be entered as equivalent freshwater heads.  However, SEAWAT2000 uses the actual water level 
you would measure in the field.  If the constant head represents the ocean, then it would simply be zero for 
sea level.  

You may use another concentration (other than 2.185 or 35) for seawater in SEAWAT2000 but then you 
need to set up the SEAWAT variables of the reference density and slope of density over concentration 
(DENSEREF and DENSESLP).  SEAWAT and Groundwater Vistas always assume that freshwater has a 
concentration of zero (0.0).  The following table can be used to determine what these variables represent 
under various assumptions (all assume that seawater is 2.5% more dense than freshwater. 

 

 
 

Freshwater 
Density Units Maximum 

Concentration DENSEMIN DENSEMAX DENSEREF DENSESLP 

62.44 lb/ft3 2.185 62.44 64.001 62.44 0.7143 
62.44 lb/ft3 1 62.44 64.001 62.44 1.56 

              
1000 kg/m3 35 1000 1025 1000 0.7143 
1000 kg/m3 1 1000 1025 1000 25 
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The old version of SEAWAT uses Model/SEAWAT/Options but this is not used for SEAWAT2000. 

SEAWAT2000-specific options are on the Model/SEAWAT/SEAWAT2000 VDF Options menu.  The 
variable names on this dialog match those in the SEAWAT2000 manual, which you should read carefully 
before attempting to run SEAWAT2000.  The example shown below is from example 6 in the 
SEAWAT2000 V4 manual for simulating density-dependent flow using both brine concentration and 
temperature.  In this example, brine concentration is component 1 and temperature is component 2. 
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When simulating temperature effects, you need to use the Viscosity (VSC) Package.  Options for this 
package are under Model|SEAWAT|SEAWAT2000 VSC Options.  The options shown below are from 
example 6 in the SEAWAT2000 V4 manual. 
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After setting up your model and editing the options as described above, do the following: 

(1) Select Model/MODFLOW/Packages and change the MODFLOW version to SEAWAT2000. 

 
(2) Select Model/Paths to Models and change the MODFLOWwin32 option from "run - execute" to "do not 
use".  Change the modflow program to swt_v4.exe.  GV should do this for you but you should check to 
make sure the paths are right. 
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(3) Select Model/SEAWAT/Create Datasets to make the input files. 

(4) Select Model/SEAWAT/Run Seawat to run the model. 

When importing results from the run, note that SEAWAT does not follow the same naming conventions as 
MT3DMS that comes with GV.  The seawater concentrations will be in the file called MT3D001.UCN 
after the SEAWAT run.  You will need to click the browse button next to “concentration file” on the 
Import Results dialog to find the correct file created by SEAWAT. 
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Conduit Flow Process (CFP) 
CFP is the conduit flow process for modeling karst systems, either as discrete channels or highly permeable 
layers.  CFP is a special version of MODFLOW2005 so the first thing to do when using this package is to 
select Model|MODFLOW|Packages and select MODFLOW2005 as the version.  You would then choose 
Model|MODFLOW2005|Packages and put a nonzero number in the first column next to CFP.  CRCH is 
recharge for the conduit process and COC is the output control package for conduit information.  The CFP 
Package is not available in the standard version of Groundwater Vistas.   

Options for the Conduit Flow Process are selected on Model|MODFLOW2005|Options – CFP tab. The 
options on this dialog correspond to variable names from the CFP manual.  You should read that manual 
before trying to use CFP in Groundwater Vistas. 

 
Several things to note: 
(1) CFP Model 1 (conduit pipes) uses only AE/Polylines to define the pipe network 
(2) pipe constant heads can be defined at either end of the polyline but not in the middle. 
(3) recharge percentage assigned to the pipe is constant for the whole pipe (polyline) 
(4) 2 polylines that meet in the same grid cell are assumed to connect.  However, if the polyline covers less 
than 15% of a cell (based on the average of delta-X and delta-Y), then it is dropped from the list.  So if you 
want conduits to intersect and connect, make sure they lie substantially within a cell. 
(5) data for MODE2 are entered under Props/Dual Domain (fractures).  Note that in Mode2, the data are 
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constant by layer so it's best to do the same with this property.  If VOID is greater than zero in any cell, that 
whole layer is assigned to mode2. 
 
Limitations: 
(1) individual polylines used to represent pipes must be in only one layer (if you try to make them span 
layers, GV will simply reset the second layer to equal the first anyway).  Currently there is no way to 
connect pipes across different layers, although you may define pipes in multiple layers. 
(2) as stated above, recharge percentage assigned to the conduit is constant for the whole polyline.  If you 
want to simulate a sink hole, for example, you should use a polyline that defines the whole area where you 
want recharge applied. 
(3) GV does the node numbering and pipe numbering.  For debugging purposes, GV writes a shapefile of 
nodes and a shapefile of pipes when modflow2005 datasets are created. 
(4) no mass balance analysis yet. 

When adding polylines to the model that will represent conduits, change the line type at the bottom of the 
dialog to “Conduit Flow Process Pipe”.  The labels on all fields will then change, as shown below: 
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Please read the CFP manual for the meaning of these fields.  When you read the CFP manual you will see 
that pipes are short segments that connect 2 adjacent cells.  Polylines in Groundwater Vistas, on the other 
hand, can cross many cells.  Groundwater Vistas will break down these larger polylines into smaller pipes 
for use in CFP and will interpolate the data shown above from the beginning of the polyline to the end. 

The model used to simulate the Conduit Flow Process is a special one without a Windows interface.  It is 
called MF2007.exe and is found in the gwv7 directory.  GV will automatically run this model when using 
CFP.  This version is slightly different from the USGS version.  There were some memory management 
errors that occurred in the USGS version that we have fixed.  In addition, we modified the Package to 
output cell-by-cell flow terms.  These are not currently used by Groundwater Vistas but you could use 
ZoneBudget to get more detailed mass balance. 

Notes on MODFLOW Packages 
The following subsections describe each MODFLOW Package supported by GV.  We provide the location 
of the package options within the GV menu structure, versions of MODFLOW supported, and other 
information to help you use these packages effectively.  Note however, that there is no substitute for 
reading the documentation for these packages, many of which have their own USGS manuals.  Many are 
provided with the GV install in the gwv7\documentation\usgs folder.  If you do not find the documentation, 
you can do a Google search or look at the following USGS web sites: 

 

https://water.usgs.gov/ogw/modflow/ 

 

https://water.usgs.gov/nrp/gwsoftware/modflow2000/MFDOC/index.html?introduction.htm 

 

When reviewing the dialogs for each package, GV will usually provide the variable name for the option in 
parentheses.  These variable names are the ones used in the data input guides for the package as 
documented by USGS (or original author).  If we believe that the option, as described by GV in the dialog, 
is obvious then that variable name might not be included.  In some cases, we provide additional options 
designed to make use of the package easier.  In those cases, since the option is not part of the original 
USGS data input guide then also no variable name is included.  Use of the variable name helps you 
understand the option or data type.  Open the USGS manual that describes that package and search the 
document for that name.  Please do this before asking for technical support. 

To add a package to your model simulation, you must tell Groundwater Vistas that it should be included in 
the simulation.  You do this by providing a unit number.  A unit number is jargon from the FORTRAN 
programming language.  When a file is opened in FORTRAN, you provide the name of the file and an 
integer number called the unit number.  After the file is opened, it is referenced from that point onward by 
this number.  Each file that is opened must have a unique number assigned to it.  This includes both input 
and output files.  These numbers should be unique for each input file and most output files.  The only 
exception is the cell-by-cell flow terms written by most packages for mass balance information.  It is often 
desirable to have them all in one file.   

Groundwater Vistas will try to add packages that it thinks you need in the model and it will attempt to keep 
the unit numbers unique if the option called “Automatically Reset Package Units” is ON (see 
Model|MODFLOW|Packages at the bottom of the dialog).  If you have this option off, then you are on your 
own to figure out which packages to activate and which unit numbers to use. 

Except for the BASIC package, you should avoid unit numbers less than 10.  And because of quirk in mod-
PATH3DU (if you are using MODFLOW-USG), you should avoid numbers greater than 200. 

In addition to a unit number, each input file have a checkbox that tells GV whether to create that file or not.  
If you would like to supply that input file from another source then you can leave this option Unchecked.  
However, we cannot provide technical support on a file that GV did not create.   

https://water.usgs.gov/ogw/modflow/
https://water.usgs.gov/nrp/gwsoftware/modflow2000/MFDOC/index.html?introduction.htm
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Some packages have a third item that you must supply, which is the cell-by-cell flow unit number.  This is 
a FORTRAN unit number for binary output of mass balance information.  It is usually desirable to have all 
cell-by-cell flows written to the same file.  The default unit number for this file is 50. 

 

BASIC 

 
Selecting Basic Package tab displays a dialog with options contained primarily in the BASIC Package.  
You may enter two lines for a simulation title.  Place a check mark next to Steady-state Simulation to make 
the simulation steady-state (NOTE: this option is actually set in the BCF Package, but makes more sense 
here).  When using MODFLOW2000, each stress period can be steadystate or transient.  Use the 
MODFLOW2000|Stress Period Types menu to edit this information.  If you want to contour drawdown 
data from the MODFLOW simulation, make sure that there is a check mark next to the option labeled Save 
Starting Heads. 

Placing a check mark next to Print Comments in Dataset causes GV to write descriptive text next to key 
model parameters in the MODFLOW files.  This is a convenient way to learn the format of MODFLOW 
data files because you may print the files and see what the various numbers represent.  For boundary 
condition files, GV will also write the reach number to the right of each boundary condition cell. 

When performing a transient simulation, make sure that the number of stress periods on this dialog is 
correct.  GV uses the maximum number of stress periods that you entered on the model initialization dialog 
as the number of stress periods.   

GV is set up so that you can define a large number of stress periods and then simulate only a subset of 
those stress periods.  To do this sort of simulation, first put the total number of stress periods next to 
“Number of Stress Periods” on this page.  Then put a check next to the option labeled “Simulate a subset of 
stress periods from”.  To the right of this check-box, enter the beginning and ending stress periods you 
want to simulate. 

The option to Continue MODFLOW Simulation Even If Convergence Not Achieved has been added to 
ESI’s versions of MODFLOW (all versions for windows and command line) so that MODFLOW does not 
prompt to continue after a run.  This is necessary when running either PEST or the automatic sensitivity 
analysis in Groundwater Vistas.  If the model does not converge, MODFLOW will just sit there and wait 
for you to answer the prompt for continuing the run or in the case of a command line version simply stop.  
By checking the option on this dialog, MODFLOW will simply keep on running.  NOTE that this option is 
not supported in MODFLOW-Surfact. 

The option to Convert Dry Cells to No-Flow Cells is only important when you are importing a head-save 
file to start a transient run and that head-save file contains dry cells.  GV will convert those dry cells to the 
default layer head before creating the BASIC Package.  This screws up the transient run because the heads 
are not correct (Note: this problem does not occur if you have MODFLOW read the binary head file 
directly for starting heads).  Converting dry cells to no-flow cells allows MODFLOW to run the transient 
simulation correctly. 

You can create free format input files for MODFLOW.  This should not be done for MODFLOW88 or 
MODFLOW-Surfact but all other MODFLOW versions can handle free format files.  You also enter the 
number of significant digits to better control the size of the resulting input files. 
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Initial heads are known as Starting Heads in the MODFLOW manual and are given the variable name 
SHEAD in the BASIC Package input file.  These heads are written in the BASIC Package to start the 
simulation.  You have three options for specifying starting heads in GV.  The first is to provide a default 
value for each layer (shown in a scrolling list at the bottom of the dialog).  The second is to import the 
heads from a file and the third option is to use the Initial Heads property data (see Props menu). 

Using accurate starting head data is preferred over using a set of default heads because: 

1. For transient simulations, it is important to have a consistent set of initial conditions, either 
from a previous transient run or from a steady-state simulation, 

2. For steady-state simulations, the model will run much faster if the starting heads are close to 
the final answer, and 



Groundwater Vistas Version 7 Page 191 

3. When you are computing leakance (VCONT) in MODFLOW88/96, the correct value of 
leakance for an unconfined upper layer (i.e., layer 1) can only be calculated if the starting 
heads (and hence the top of the layer) represent the water table. 

There are several options for setting the initial heads in Groundwater Vistas, including: 

- Use Default Heads in Spreadsheet below 

- Set Heads from head-save, Basic, SURFER, matrix file 

- Read heads directly from binary head-save file 

- Use Initial Heads property data 

- Use Top of Layer 1 

- Use Bottom Layer Heads from file 

The simplest method for a steady-state run is to use the default heads for each layer as defined in the 
spreadsheet at the bottom of this dialog.  You must make sure, however, that these head values are above 
the bottom of layer 1.  Otherwise, you will end up with lots of dry cells. 

The second option is to read the heads from an external file and place them in the BASIC package input 
file.  Valid files include a head-save file (where you can specify any time step or stress period of that file), a 
MODFLOW BASIC Package input file, a SURFER grid file, or a text file matrix.  A matrix file is simply a 
matrix of number read in the same order that MODFLOW reads data (layer – row – column order).  There 
must be spaces, tabs, or commas between each number. 

When using SURFER files to set starting heads, one file is required for each model layer.  You enter one 
file name of the form file1.grd.  The file name must contain a number before the “.grd” extension.  GV then 
substitutes the layer number for this number when importing the starting heads.  For example, the files for a 
4 layer model would be test1.grd, test2.grd, test3.grd, and test4.grd.  Any of these files may be entered on 
the Initial Heads dialog. 

When importing head-save files for starting heads, there is an additional option to read the binary head-save 
file directly.  If you use this option, GV will read the binary file to set starting heads (which may be used in 
calculation of VCONT etc.) but not to write them in the BASIC Package.  Rather, GV tells MODFLOW to 
read the starting heads directly from the head-save file which preserves the full precision of the data.  You 
MAY NOT specify a time step or stress period to read when using this option.  MODFLOW always will 
read the first time step and stress period from the binary file.  If you want to reset starting heads from the 
last time step of a transient run, you can use Plot|File Operations|Extract From File to put those heads in 
a separate file for use with this option. 

GV also has a property for Initial Heads that gives you the ability to edit the starting head array.  By 
default, GV configures this property as a matrix and will not use the zone database.  See the Props menu for 
manipulation of property matrices.  You may start with heads in an external file and then put them in the 
Initial Heads property automatically by checking the box on the Initial Heads page called “Save Starting 
Heads to Initial Head Property next Time MODFLOW Files are Created”.  When this is checked, GV will 
import the starting heads from an external file also place them in the Initial Heads property matrix. 



Groundwater Vistas Version 7 Page 192 

 

Discretization (DIS) 

 
The Discretization file was introduced in MODFLOW2000 and all subsequent versions of MODFLOW use 
this file to define the geometry and time stepping of the simulation.  There are really only a couple of 
options in Groundwater Vistas related to Discretization, as shown below.  The first checks for the presence 
of quasi-3D confining beds.  These are gaps in elevation between layers.  This can only occur if you select 
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Model|MODFLOW|Package Options – BCF/LPF tab and check the option to “Use Top Elevations”.  If GV 
sees gaps between layers, these are flagged in the discretizaiton file.  The other option uses starting heads 
as top of layer 1.  

 
The DIS file also contains the time stepping for the simulation.  Each stress period has three key pieces of 
information, including the period length (in time units – e.g. days), number of time steps, and a time step 
multiplier.  For a steadystate stress period, the period length can be any number greater than zero and the 
number of time steps should be 1.  If you use more than one time step in a steadystate stress period, 
calibration statistics will be computed incorrectly in Groundwater Vistas.  Select Model|MODFLOW|Stress 
Period Setup to enter information for each stress period. 
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A difference between MODFLOW2000/2005/NWT/USG and the original version is that stress periods can 
be either steady-state or transient and can be mixed in one run.  Thus, you can combine a steady-state and 
transient run into one simulation.  In MODFLOW 88/96, this would require 2 runs. 

Select Model/MODFLOW2000/ Stress Period Types/Edit Stress Period Types to modify whether a 
stress period is steady-state (enter a value of 0) or transient (enter a value of 1).  Select 
Model/MODFLOW2000/Stress Period Types/Set all to Steady-state to make each stress period steady-
state.  Alternatively, select Model/MODFLOW2000/Stress Period Types/Set all to Transient to make 
them all transient.  These last two options are convenient when you have a lot of stress periods to modify. 

 
MODFLOW-Surfact can also use these stress period definitions if you first select Model|MODFLOW-
Surfact|Options – BCF4 tab.  At the bottom is an option to use MODFLOW2000 stress period types.  If you 
do not use this option then the entire run must be either steadystate or transient. 

Groundwater Vistas can insert or delete stress periods using Model|MODFLOW|Insert/Delete Stress 
Periods.  In previous versions of Groundwater Vistas it was not a simple task to insert or delete a stress 
period or series of stress periods.  This new function can perform such a task quickly.  There are two insert 
and one delete option on this dialog.  When deleting a stress period you provide the first stress period to be 
deleted and the total number of stress periods to delete.   

When inserting a stress period you can insert before or after a given stress period.  You also enter the total 
number of stress periods to delete at that point.  Default period length, number of time steps and time step 
multiplier are also entered.  These can be changed under Model|MODFLOW|Stress Period Setup 
described above.  There is a checkbox to make the new stress periods transient.  If that option in 
unchecked, the new periods are steadystate.  Boundary conditions may be copied into the new periods 
starting with a given stress period number. 



Groundwater Vistas Version 7 Page 195 

When inserting and deleting stress periods, there is an option to adjust target times.  If you have transient 
calibration targets in your model, this option will automatically add or delete time appropriately for all 
transient targets 

 
In the special cases where you either want to delete the last few stress periods or add periods to the end, it is 
easier to simply change the number of stress periods on the Model|MODFLOW|Package Options – Basic 
tab dialog.  This is much more straightforward and less prone to error. 

Block-Centered Flow (BCF) 

 
The BCF-LPF Package dialog applies to both the Block-Centered Flow (BCF) and Layer-Property Flow 
(LPF) Packages.  The dialog is divided into two areas, the definition of leakance (VCONT) and layer types.  
Placing a check mark next to Compute Leakance (VCONT) causes GV to use layer thickness and vertical 
hydraulic conductivity (Kz) to calculate the VCONT parameter that is required by MODFLOW BCF 
Package (leakance is not used in the LPF Package). Note that unless you are supplying the Leakance 
Coefficient (VCONT) explicitly for the BCF Package, you should leave the “Compute Leakance” 
checkbox on and the “Leakance Zones Represent” option to “Leakance”. 
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To specify the leakance coefficient (VCONT) directly, remove the check mark next to Compute Leakance 
and make sure that the field labeled Leakance Zones Represent is set to “Leakance”. 

The other options in the combo box labeled Leakance Zones Represent allow you to use the leakance zones 
in GV for other parameters.  These include Kz of the layer, Kz of an underlying Aquitard, and Vertical 
anisotropy.  See the chapter entitled “Running Simulations” for more information. Normally, you would 
have this option set to leakance however.  This tells GV that you want to use the vertical hydraulic 
conductivity in the hydraulic conductivity database to compute VCONT. 

GV automatically assumes that the bottom of a layer is also the top of the underlying layer.  Place a check 
mark next to Use Top Elevation Zones if this is not the case and you have specified layer top elevations 
explicitly.  The only time you need to explicitly specify top elevations (except for layer 1) is if the layers 
have gaps between them.  The latter situation would happen if the model is not explicitly simulating a thick 
aquitard that separates two layers. 
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You must specify the type and averaging technique for each layer in the model.  Layer types include 0 - 
Confined, 1 - Unconfined, 2 - Unconfined (Storage varies), and 3 - Unconfined (Transmissivity varies).  
These are the LAYCON values documented in the MODFLOW manual for the BCF Package.  Note that 
the LPF Package only has two layer types (confined and unconfined).  If you select type 1, 2, or 3 on this 
dialog, then an unconfined layer for LPF is assumed.   

GV automatically computes transmissivity for confined layers by multiplying the K by layer thickness in 
each cell.  There is an option at the bottom of the dialog, however, called “Multiply K times layer thickness 
for confined layers”.  If that is NOT checked, then GV assumes that you have already placed transmissivity 
values in the hydraulic conductivity database for the confined layers and so no calculation is performed.  
Note that this option does NOT work for the LPF Package. 

The averaging technique is used to implement the modifications made by the new BCF3 package.  The 
default value is Harmonic, which is the same technique used in the original MODFLOW version.   

There are several options at the bottom of the BCF Package dialog.   

Variable Anisotropy.  The original version of MODFLOW88/96 allows anisotropy of horizontal hydraulic 
conductivity to vary by layer (See variable TRPY in the Block-Centered Flow Package input).  In some 
cases when modeling fractured systems, it is desirable to vary the horizontal anisotropy within a layer.  In 
order to accomplish this task, some changes are required to the MODFLOW88/96 source code.  Kladias 
and Ruskauff (1996) have documented the necessary changes to implement variable anisotropy in 
MODFLOW88.  Environmental Simulations, Inc. has implemented the changes of Kladias and Ruskauff in 
Groundwater Vistas and MODFLOWwin32 (the old 1988 version).  Note that the LPF Package always has 
variable anisotropy.   

Using variable horizontal anisotropy is simple.  You start by modifying the hydraulic conductivity database 
such that Kx is different from Ky in the desired zones.  You then assign these zone numbers to cells within 
the model.  To write the variable anisotropy data to the Block-Centered Flow (BCF) Package, simply select 
Models|MODFLOW|BCF Package from the main menu.  These is a check-box at the bottom of the dialog 
labeled Use Variable Anisotropy.  Place a check here to implement this feature.  The next time you create 
MODFLOW datafiles, the TRPY variable in the BCF file will vary by cell instead of by layer. 

Compute Aquitard Leakance Like ModelCad.  When computing the leakance in a quasi-3D model where 
there are gaps between layers, GV uses the full leakance calculation.  In this approach, the leakance 
database contains the vertical hydraulic conductivity of the aquitard represented by the gap between layers.  
ModelCad, on the other hand, computed the leakance for the layer overlying the aquitard by dividing the 
vertical hydraulic conductivity of the aquitard by the thickness of the aquitard.  This is a simplification of 
the more exact formulation not ordinarily supported by GV.  This option was added to be consistent with 
older ModelCad datasets. 

Storage Coefficient Represents Specific Storage.  The storage database in GV contains three parameters, 
the storage coefficient (S), the specific yield (Sy), and porosity.  The storage coefficient is computed as the 
layer thickness times specific storage (Ss).  Checking this option causes GV to assume that S values in the 
storage database are actually Ss so GV will then compute the storage coefficient (S).  Please note that in 
MODFLOW2000’s LPF package you MUST enter specific storage for S in the storage database in GV.  To 
make it easy to switch between versions, you should use this option here. 

Another tab on the Model|MODFLOW|Package Options dialog that is used in the BCF Package is called 
“Resaturation” as shown below.  Resaturation data refers to options required for the BCF2 package and the 
LPF Package in MODFLOW2000/2005.  The original MODFLOW code had the limitation that layers 
could not resaturate after becoming dry during a simulation.  The BCF2 Package modified MODFLOW in 
an attempt to correct this deficiency (it doesn’t work that well, but it is better than nothing!).  The input for 
this package are listed below along with the variable names used by BCF2.  Consult your MODFLOW 
manual or the MODFLOW help file for more information on how to use these values. 

Resaturation Capability is Active   IWDFLG 

Wetting Factor     WETFCT 

Wetting Threshold    THRESH 
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Head Assigned to Dry Cells   HDRY 

Wetting Iteration Interval    IWETIT 

Wetting Equation Number    IHDWET 

 
Note that MODFLOW-NWT, MODFLOW-USG with Upstream Weighting, and MODFLOW-Surfact with 
pseudo-soil functions work much better for resaturating dry cells. 
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Layer Property Flow (LPF/UPW) 

 
Note that this is the same page for the BCF Package except that references to leakance have been 
inactivated because they do not apply.  Also, the specific storage flag is also ignored for LPF.  GV always 
assumes that for LPF the first column in the Storage database (and first matrix if storage is represented 
using matrices) represents specific storage (Ss).  There are really only two important options on the LPF 
dialog, layer types and whether to use top elevations.  If you are not using top elevations, Vistas assumes 
that the bottom of a layer is the same as the top of the underlying layer. 

One other option can be useful during model calibration.  The checkbox that says “Write Vertical 
Anisotropy to LPF File Instead of Kz” will cause Kx/Kz to be written to LPF instead of just Kz.  This 
means that if you estimate Kx values then the Kz values will be automatically adjusted to maintain a given 
vertical anisotropy ratio.  The anisotropy ratio will be the one specified at the start of the calibration.  GV 
simply looks at the existing Kx and Kz values in the model cells to assign the vertical anisotropy ratio. 
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Additional options in the LPF Package are available for MODFLOW2005 and MODFLOW-USG by 
selecting Model|MODFLOW2005|Options.  These are shown below. 
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The first is actually quite useful if you are converting from an older MODFLOW model in which the 
storage coefficient is defined in the Storage property database.  This new option allows you to keep the 
storage coefficient and not have to convert it to specific storage (Ss).  The next four options control how 
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vertical conductance is computed by MODFLOW2005 within the LPF Package.  See the MODFLOW2005 
manual for the significance of these options. 

The options after these first 5 checkboxes are related to MODFLOW-NWT.  The first one specifies the 
smoothing factor used in MODFLOW-NWT.  If you do not check this option, MODFLOW-NWT will still 
smooth pumping rates in dry cells but will choose its own factor.  The last option writes the dry cell head 
(default is -1.0e+30) to the head-save file on output.  This is necessary for using MODPATH with 
MODFLOW-NWT. 

Hydrogeologic Unit Flow (HUF) 

 
The Hydrogeologic Unit Flow (HUF) Package is also a replacement for the BCF Package but is much more 
complex.  In the HUF Package you enter data (e.g. hydraulic conductivity) for hydrogeologic units that are 
independent of model layers.  When MODFLOW runs, it computes the effective hydraulic conductivity for 
model layers based on how many HUF layers lie within each model layer.  Please consult both the HUF 
manual from the USGS for more information on how to use the HUF Package.  The HUF Package is not 
available in the standard version of Groundwater Vistas. 

The data entered on the HUF Data spreadsheet include some constants used per HUF layer and defining the 
Surface Data array for K, Kz, Top elevation, and thickness of the HUF layer.  A Surface Data array is 
created on the Props menu and consists of a matrix of values for each cell in a layer.  These data are 
independent of model layers and were created specifically for use with the HUF Package. 

 
HUF (Hydrogeologic Unit Flow) was a new package added to MODFLOW2000 and MODFLOW2005. It 
allows you to define hydrostratigraphic layers that are independent of actual model layers. MODFLOW 
then computes a composite transmissivity based on the HUF layers that intersect each model layer. GV 
supports HUF but the trick is how to get the HUF data into the GUI since GV really only tracks actual 
model layers. Here are the basic steps you need to follow to use HUF in Groundwater Vistas: 

(1) Use Model/MODFLOW2000/Packages and enter a non-zero number next to HUF and check the 2nd 
column to create it. Put a zero next to LPF to turn that one off and uncheck 2nd column. 

(2) select Model/MODFLOW2000/Options - HUF tab. Enter the number of HUF layers you want to use. 

(3) add property matrices. This is done using Props/Surface Data. Each "surface" is a 2D matrix in row-
column order just like MODFLOW reads it. You will need a matrix of top elevation, thickness, Kx and Kz 
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at a minimum for each HUF layer. You add them by first creating a new one and then using either import 
or one of the edit commands to fill it. 

(4) after adding all of the matrices you need, go to Model/MODFLOW2000/Huf data and select the 
surfaces for each huf property you need for each huf layer. 

So that gets a bit tedious defining those surfaces or arrays. In order to make it easier to use HUF, we added 
a new export/import. The idea is that you create two GV models. One has the definition of all HUF layers 
(you don't need boundary conditions or other stuff) and the other has the number of model layers you 
actually want to use when running MODFLOW. Each must have the same number of rows and columns. 
You define the HUF model first and then use Props/Export/HUF Data Arrays. Then go into the final model 
and use Model/MODFLOW2000/HUF Data Import. 

Output Control 

 
The Output Control Package tells MODFLOW when and how to save heads, drawdowns, and cell-by-cell 
flow (mass balance) data.  Head-save and Drawdown unit numbers must be unique numbers, i.e., do not 
use a number that has already been specified on the Packages dialog mentioned above.  The default values 
on this dialog should be suitable for most simulations.  For transient simulations, you may want to save 
heads, drawdowns, and cell-by-cell data only every few time steps to save disk space.  However, if you are 
using MODPATH on a transient run, you MUST save every time step for heads and cell-by-cell flows.  
Another thing to keep in mind is that if you intend to use the Next and Previous time step commands on the 
plot menu and/or create mass balance hydrographs, you MUST save heads, drawdowns, and cell-by-cell 
flows on the same frequency. 
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You may also customize the output control file.  The check-box on this page that says “Use Custom Output 
Control” starts the process.  The customized data is then entered under Model/MODFLOW/Custom Output 
Control.  A spreadsheet allows you to enter the time step and stress period where you want to save and print 
information and what information to save/print.  A one indicates that the data are to be saved or printed and 
zero means not to save/print.  There is also a new option for all versions of MODFLOW except 
MODFLOW88/96, that allows drawdown to be computed based on the results of a particular time step.  
The field that corresponds to this new option is labeled “Ddn Ref”.  If you enter a one in this field for a 
particular time step, all drawdowns in future time steps are computed from heads computed for this time 
step. 
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Solvers (PCG2,SIP,SOR,GMG) 

 
 

Selecting Solver Options from the MODFLOW menu displays a tab dialog with all supported solvers, 
except for those of MODFLOW-NWT and MODFLOW-USG.  The default solver in Groundwater Vistas is 
PCG2 and works in most cases.  However, in some cases, other solvers may work better.  Use of solvers is 
an art.  If you are having difficulty getting your model to converge you may send it to us and we will 
investigate.   
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The items required by each solver and the MODFLOW variable are shown below.  For more information 
on the meaning of each option, consult the MODFLOW manual. 

SIP Solver 

Maximum Number of Iteration    MXITER 

Number of Iteration Parameters    NPARM 

Acceleration Parameter     ACCL 

Head Change Criterion for Convergence   HCLOSE 

Iteration Seed Computed by MODFLOW/USER  IPCALC 

Iteration Parameter Seed     WSEED 

Head Change Printer Every n Iteration   IPRSIP 
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SOR Solver 

Maximum Number of Iterations    MXITER 

Acceleration Parameter     ACCL 

Head Change Criterion for Convergence   HCLOSE 

Head Change Printed Every n Iteration   IPRSOR 

 

PCG2 Solver 

Maximum Outer Iterations     MXITER 

Maximum Inner Iterations     ITER1 

Head Change Criterion for Convergence   HCLOSE 

Residual Criterion for Convergence    RCLOSE 

Relaxation Parameter     RELAX 

Matrix Preconditioning Method    NPCOND 

Maximum Bound on Eigenvalue    NBPOL 

Solver Printing Option     MUTPCG 

PCG2 Summary Data Printed Every n Iteration  IPCGCD 

Damping Factor      DAMP 

 

The PCG2 solver has the annoying tendency to meet the closure criteria for both head and flux (residual) 
within outer iterations but not between successive outer iterations.  This results in the model iterating until 
the maximum number of outer iterations has been reached or you press the converge or abort buttons on the 
MODFLOWwin32 interface.  ESI has added a modification to the PCG2 solver in all ESI MODFLOW 
versions to automatically force convergence in this situation.  You simply specify the maximum number of 
consecutive PCG2 outer iterations achieving closure and recreate your MODFLOW data files.  The next 
time you run MODFLOW, the model will converge automatically without the need to press the converge 
button or the model runs out of outer iterations.  You specify this option by selecting 
Model|MODFLOW|Solver Options.  The last line of the dialog specifies the maximum number of outer 
iterations achieving closure. 

Be sure to check the mass balance error before trusting your results!  By forcing convergence, you may not 
have a valid simulation. 

The GMG Solver (Geometric Multi-Grid) is designed for MODFLOW2000 and MODFLOW2005.  It can 
be much faster than any of the other solvers.  You should read the GMG manual before using this solver as 
some experimentation may be required to get it to work properly. 

The PCG4 and PCG5 Solvers are for MODFLOW SURFACT only.  Note that MODFLOW-SURFACT is 
not included with Groundwater Vistas.  It is a proprietary version of MODFLOW that must be purchased 
separately.  PCG4 works in all versions of MODFLOW-SURFACT.  PCG5 is only for SURFACT Version 
3 and 4.  Please consult the SURFACT manual for the meaning of the input variables. 

PCGN is a solver designed for nonlinear problems.  Many of the settings are the same as the PCG2 solver 
but there are added options for handling the damping factor.  This solver works in ESI’s version of 
MODFLOW2000 and MODFLOW2005 but ironically is not available in the standard USGS versions of 
these models.  Consult the PCGN solver manual for help in setting up the parameters for this solver. 

Link-AMG (or LMG) is a proprietary solver that can be extremely fast for some problems.  The solver, 
called SAMG, can be purchased as an add-on to Groundwater Vistas and is included in the premium 
version. 
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NWT Solver 

 
The NWT solver has many options and can be quite complex to use.  To simplify use of this solver, the 
USGS created several sets of common options based on the complexity of the model.  Select 
Model|MODFLOW2005|Options – NWT General tab to see these options at the top.  They are called 
SIMPLE, MODERATE, and COMPLEX.  The best approach in using MODFLOW-NWT is to try each of 
these three options to see which works best.  If all else fails you can switch to SPECIFIED BY USER to 
supply your own values for these option. 
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There is also a second tabl of options called NWT Methods.  Please consult the MODFLOW-NWT manual 
for more information on the use of this solver. 
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SMS Solver 

 
The SMS solver is very much like the NWT solver and has many options that can be quite complex to use.  
To simplify use of this solver, the USGS created several sets of common options based on the complexity 
of the model.  Select Model|MODFLOW-USG|Options – SMS General tab to see these options at the top.  
They are called SIMPLE, MODERATE, and COMPLEX.  We have found that these settings do not work 
very well in MODFLOW-USG and have created our own set of default settings in cooperation with Sorab 
Panday, primary author of USG.  To reset your options to the latest defaults, use Model|MODFLOW-
USG|Reset Default Solver Settings. 
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Well 

 
See the chapter on designing models for information on use of wells in MODFLOW. 
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River 

 
See the chapter on designing models for information on use of rivers in MODFLOW. 

Drain/DRT 

 
See the chapter on designing models for information on use of drains in MODFLOW. 

General Head Boundary 

 
See the chapter on designing models for information on use of general head boundaries in MODFLOW. 

Stream (STR) 

 
See the chapter on designing models for information on use of stream boundaries in MODFLOW.  The 
stream tab on the MODFLOW package options dialog provides a few additional options related to streams.  
The most important option is the one called “compute stream stages”.  If you do NOT choose that option 
then the stream stages you define for each stream boundary condition is used without modification. 
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Stream (SFR) 

 
See the chapter on designing models for information on use of stream boundaries in MODFLOW.  The 
SFR tab on the MODFLOW package options dialog provides a few additional options related to streams. 
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SFR is the new stream routing package.  SFR data are entered on spreadsheets on the MODFLOW2000 
menu.  In addition, some basic SFR information (row, column, layer, reach number, segment number, etc) 
is entered on the Stream dialog on the BCs menu. 

The values for the maximum number of segments, stress periods, and table entries are used to allocate 
memory for these data in the various spreadsheets.  Make sure these values are at least as large as you need.   

There are two versions of the SFR Package (SFR1 and SFR2).  The main difference is in the ability to 
simulate unsaturated zone flow beneath streams that are detached from the water table.  Use the SFR2 
Options section to select the SFR version you want to use.  Note there are also some parameters that are 
defined on the Stream boundary condition dialog related to SFR2. 

 
Variable names for SFR are provided in parentheses on the dialog above.  Please consult the latest version 
of the SFR manual for information on these options. 
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SFR data are entered by segment number, which is much different than the original STR package.  Data for 
each segment and stress period is edited on a spreadsheet under Model|MODFLOW2000|SFR Segment 
Data, as shown below. 

 

 
The column names shown above are variable names of the SFR data input guide.  Please consult this guide 
when filling out this table.  Important variables include outseg (segment number that the current segment 
flows into), flow (flow entering this segment), and icalc (equation used to solve for stage and flow).  Note 
that there will be one of these spreadsheets for each stress period.  You move between stress periods using 
the field in the lower left corner of the dialog.  If you are starting from an older STR stream network, you 
can use Model|MODFLOW2000|Setup SFR Segments to copy information from the stream boundary 
condition dialogs to the spreadsheet. 

There are two other options to facilitate filling out the spreadsheet shown above.  Select 
Model|MODFLOW2000|Copy SFR Transient Data to copy data between stress periods.  You can copy 
segment data, section data (if you are using digitized stream sections), and flow table tables to a range of 
stress periods 

 
The other option is Model|MODFLOW2000|Import SFR Transient Data.  This allows you to import basic 
data (flow, runoff, evaporation, and precipitation) for each segment and stress period.  GV assumes the file 
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is space or comma delimited with data in columns.  Each line after header lines must contain the same 
number of data entries. 

 

Lake (LAK3 and LAK2) 

 
See the chapter on designing models for information on use of lake boundaries in MODFLOW.   

The Lake3/RES/LAK2 tab has some options for the Lake Package and the Reservoir Package.  The first 
four items on the Lake3 page are documented in the Lake3 manual.  The check-box labeled “Use 
Spreadsheets to Define…” is included for backward compatibility with older GV versions.  In the older 
versions, all lake information was entered on the Lake Boundary Conditions dialog and recharge/ET were 
obtained from the Recharge and ET Properties.  Now, you have the option of defining these parameters on 
a spreadsheet under Model/MODFLOW2000/Lake Data.  It is often easier to simply enter the data in a 
spreadsheet than to try to find it in the BCs and Props menus.  If you check this option, GV will get all 
information from the spreadsheet.  Be sure to set the maximum number of lakes and stress periods to 
reasonable values.  These values control how much memory is allocated for the Lake spreadsheet.  To 
transfer data from Lake boundary conditions, recharge, and ET, use Model|MODFLOW2000|Setup Lake 
Data. 

There are several options on this tab that are only for the Reservoir Package.  Note that the reservoir 
package is very old and it probably makes more sense in most cases to use the newer Lake Package. 

The last option on this tab is called “Use Legacy Lake Conductance Calculation”.  The philosophy behind 
computing lakebed conductance has changed in both the Lake package and in Groundwater Vistas over the 
years.  If your model was developed many years ago using an older version of Groundwater Vistas, this 
option is selected to keep the conductance calculation consistent.  For newer models, you should probably 
turn this option off. 
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Like the SFR streams on the MODFLOW2000 menu, you also have the option to copy transient lake data 
and to import it from a file.  These are very similar in concept to SFR streams. 

GAGE 
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The gage package is used to save SFR stream and LAK3 lake data to text files during the simulation.  
Groundwater Vistas does not provide full support for this package but does allow you to save data for all 
lakes and for the first and/or last reach of each segment.  If you require more detailed options, you can 
create the gage input file in a text editor and supply it to Groundwater Vistas for the simulation. 
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Recharge 

 
The Recharge and Evapotranspiration options determine whether these boundary conditions are applied to 
only the top layer or to the uppermost active layer.  The default case is to apply recharge to the highest 
active layer and ET to only the top layer of the model.  If you have a significant number of dry cells during 
a simulation, you may want to change this option.  In MODFLOW2000/2005/NWT, the ET package has 
been changed to also have the “highest active layer” option.  The second method for recharge is to put 
those layer numbers in the HydroStratigraphy zones of layer 1 to explicitly provide the layer where 
recharge is extracted. 

Recharge rates can be read from an external file as well.  Simply select the appropriate option and enter the 
file name.  All of these external files are read in row-column order.  That is, the data for all columns in row 
1 are read first, followed by row 2, etc.  No other comments or extraneous data should appear in the file.  
GV assumes that the data are separated by spaces, a comma, or a tab.  Care should be exercised when using 
this option.  If you change the number of rows or columns in the grid, these files are no longer valid. 

The last option on this dialog applies recharge multipliers to a range of HSU zones.  HSU zones are defined 
using Props|Hydrostratigraphy.  Recharge multipliers are normally applied to all cells in a stress period 
and are defined under Props|Property Values|Recharge Multipliers, 
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Evapotranspiration (EVT and ETS) 

 
The Evapotranspiration options determine whether ET is applied to only the top layer or to the uppermost 
active layer.  The default case is to apply recharge to the highest active layer and ET to only the top layer of 
the model.  If you have a significant number of dry cells during a simulation, you may want to change this 
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option.  In MODFLOW2000/2005/NWT, the ET package has been changed to also have the “highest active 
layer” option. 

You may also choose to read the ET surface elevations from an external matrix file.  This is only necessary 
if the ET surface does not coincide with the top of layer 1.  Without this option, GV assumes that the ET 
surface is the same as the top of layer 1.  MODFLOW also allows you to specify the exact layer where ET 
and Recharge are applied.  There are two methods of doing this in GV.  First, you can simply put those 
layer numbers in a matrix file and reference that file on this dialog. 

ET rates can be read from an external file as well.  Simply select the appropriate option and enter the file 
name.  All of these external files are read in row-column order.  That is, the data for all columns in row 1 
are read first, followed by row 2, etc.  No other comments or extraneous data should appear in the file.  GV 
assumes that the data are separated by spaces, a comma, or a tab.  Care should be exercised when using this 
option.  If you change the number of rows or columns in the grid, these files are no longer valid. 

A new ET package, called Segmented ET (ETS) is now available in MODFLOW2000, MODFLOW2005, 
MODFLOW-NWT, MODFLOW-USG, and MODFLOW-SURFACT Version 3.  In the original version of 
the ET Package, the rate of decrease in ET rate with depth below the ET surface was assumed to be linear.  
In the new ETS Package, you may provide a digitized curve that describes the change in ET rate with 
depth.  In order to use this option, check the option at the bottom of the Recharge-ET page labeled “Use 
ETS Package in place of ET Package”.  You must then enter the number of segments in the curve you want 
to digitize.  All ET zones must have the same number of segments.  The ET segment data are entered under 
Model/MODFLOW2000/ETS Data. 

 



Groundwater Vistas Version 7 Page 224 

 

Horizontal Flow Barrier (HFB) 

 
See the chapter on model design for more information on HFBs. 
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Time-Varying Constant Head (CHD) 

 
See the chapter on model design for more information on constant heads. 

The CHDs tab under Model|MODFLOW|Package Options contains two options.  The first provides a way 
of keeping the head constant by stress period.  The default case is to have the head interpolated from the 
beginning to the end of the stress period.  The second option puts constant heads in the BASIC Package in 
addition to the CHD package.  In most cases, it is probably better to not put constant heads in the BASIC 
package. 
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Multi-Node Well (MNW1 and MNW2) 

 
See the chapter on model design for more information on use of multi-node wells. 

The MNW options dialog contains information on saving MNW data to output text files.  This can lead to a 
very large number of output files.  If you do not intend to use this information, set the Wel1, Bynode, and 
Qsum unit numbers to zero. 
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The last two options allow you to omit MNW2 wells from aquitards by specifying a threshold Kx value.  
Normally Vistas will put a MNW well in all layers contained within the top and bottom layer (or elevation) 
specified in the analytic well dialog.  This option allows you to omit the confining layers which may cause 
convergence issues. 

The last option is for calibration.  MNW2 saves heads for the wellbore.  Checking this option will use those 
heads for calibration targets that are within a certain distance of the analytic well. 

Subsidence (IBS and SUB) 

 
IBS is the Interbed Storage Package or Compaction Package as it is sometimes called for MODFLOW88 
and MODFLOW96.  SUB is the new version of this package, now called the Subsidence Package, for 
MODFLOW2000 and later versions.  GV can create both the IBS Package and the SUB Package input files 
and this dialog provides some options, as shown below. 

The Preconsolidation head option can either set the preconsolidation head to the starting head values or you 
may read these heads from an external matrix file.  The starting compaction can be set to zero or read from 
an external file.  The last three options are unit numbers where subsidence, compaction, or preconsolidation 
head can be written.  As in the Package dialog above, these unit numbers must be unique. 

When using the SUB package, additional data are entered under Model/MODFLOW2000/SUB Layer 
Types.  Both the IBS and SUB packages are complex and you should read the manuals for these packages.  

  
Data for both IBS and SUB are contained in the Props|Interbed Storage (no delay beds) and Props|Interbed 
Storage (delay beds), primarily elastic and inelastic specific storage values.  The IBS package only uses the 
“no delay beds” properties, while SUB can use both depending on the SUB Layer types described above. 
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Flow & Head Boundary (FHB) 

 
The Flow & Head Boundary (FHB) Package in MODFLOW is used for contant head or constant flux 
boundary conditions.  The difference between the FHB and the standard well or constant head in 
MODFLOW is that FHB cells define the head or flux using a digitized curve that represents the change in 
head or flux over time.  During each time step, MODFLOW interpolates a head or flux from this curve to 



Groundwater Vistas Version 7 Page 229 

assign to the grid cell.  The main limitation with this package is that all FHB cells must use the same set of 
time values, defined using Model|MODFLOW2000|Options – FHB tab.  This boundary type is extremely 
useful, though, if you have a constant head or flux cell that needs to change very rapidly.  In this case, a 
normal MODFLOW boundary condition would require a large number of stress periods.  Using FHB, on 
the other hand, only requires a large number of time steps 

Use the FHB tab shown below to set the number of times used for each FHB cell.  All FHBs use the same 
time values. 

 
Click the time values button to edit the time values used in each hydrograph.  These time values are elapsed 
time since the beginning of the simulation.  They are in model units of time (e.g. days). 
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When adding FHBs through the BCs menu, you then enter head or flux values for these same time values. 

Seawater Interface 2 (SWI) 

 
SWI stands for Sea Water Interface and used to be a special version of MODFLOW2000 developed by 
Mark Bakker and Frans Schaars.  SWI was then accepted by USGS for use in MODFLOW2005 and is now 
called SWI2.  Groundwater Visas (Advanced, Professional, and Premium) supports this new version and 
has dropped support for the older version.  The versions of MODFLOW2005 that come with Groundwater 
Vistas all contain the SWI2 Package. 

The SWI tab contains the basic input options for SWI.  All fields are labeled with the SWI variable name so 
you can compare to the data input guide for SWI.  The starting elevations of each interface are found on the 
Props menu (Sea Water Interface).   

One tricky aspect of SWI is defining the zone number (ISOURCE) for each model cell.  Groundwater 
Vistas first sets all cells to zero for the ISOURCE variable.  Then each boundary condition cell is 
investigated.  If the boundary condition has a concentration equal to one of the NU() variables 
(concentrations assigned to planes in SWI), that plane number is assigned to that cell. 
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The SWI package saves the elevations of each interface in cell-by-cell flow format.  This is not convenient 
for Groundwater Vistas which expects a head-save format when contouring.  To convert the SWI output 
from cell-by-cell flow format to head-save format use Plot|Other Imports|Convert SWI Output to Head-
Save.  Using this option will display a dialog, as shown below, where you enter the SWI output file name 
(should be root.zta where root is your MODFLOW root file name) and the root name you want to use for 
the new files.   
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One head-save file is created for each interface simulated with SWI.  The file names are created by 
appending “_zeta#” to the root name you specify.  In the example above, the root name is t2.  Thus, the first 
interface surface will be written to a file called t2_zeta1.hds 

Unsaturated Zone Flow (UZF) 

 
The UZF Package is an alternate Recharge and Evapotranspiration package that also includes the effects of 
residence time in the unsaturated zone and runoff into streams and lakes.  UZF is used in place of the 
normal recharge and evapotranspiration packages.  If you use UZF, you cannot also use the standard 
recharge and ET packages. 

UZF is a complex package and you need to read the UZF manual to become familiar with the various 
options.  Groundwater Vistas uses data from recharge, evapotranspiration, storage, hydraulic conductivity 
and unsaturated zone properties in creating the UZF Package input file.  Here are the assumptions used by 
GV in creating a UZF file: 

- Infiltration rates (FINF) come from the Recharge property. 

- ET demand rates (PET) and Extinction Depths (EXTDP) come from the ET property. 

- Brooks-Corey epsilon (EPS) comes from the Unsaturated Zone property (B.-Corey). 

- Saturated Water Content (THTS) comes from Porosity in the Storage property. 

- Initial Water Content comes from the Unsaturated Zone Property (Resid. Sat.) 

- Vertical hydraulic conductivity of the unsaturated zone can come from either the LPF Package or Kv 
   in the Unsaturated Zone property (you choose on the dialog shown below). 

- Initial Water Content (a new option in UZF) must come from an external matrix file if you need to  
   use this option. 

- Extinction water content can come from either a multiplier on porosity or you can get this from the 
   Unsaturated Zone property. 
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The most complicated part of UZF is the routing of runoff to streams and lakes.  This option is not always 
used.  By default GV has it turned off.  If you turn routing on, then you also need to tell 
MODFLOW2005/NWT where the runoff from each cell will go.  This is done by providing the stream 
segment or lake number for each cell.  Any runoff from that cell would then be routed to that lake or 
stream. 

There are four options for defining the stream segment or lake number where runoff will be applied.  You 
can have it defined using the recharge zone number, et zone number, or hydrostratigraphic unit (HSU) zone 
number.  If you choose one of these three options, you then select Model/MODFLOW2005/UZF Lake-
Stream Numbers and enter the stream segment or lake numbers next to the zone numbers in the 
spreadsheet.  The numbers on the left side of the spreadsheet are the zone number (for recharge, et, or 
hydrostratigraphy depending on your selection).  You then fill in the stream segment numbers or lake 
numbers next to the zone numbers.  Stream segment numbers are entered as positive numbers and lake 
numbers are negative. 

The fourth option for defining the stream segment or lake numbers for runoff is to use an external matrix 
file.  This is a file of integer number in row-column order.  That is all columns of row 1 are read first, 
followed by row 2, etc.  No other comments or numbers should be in this file.  You need one integer 
number of each cell in one layer.  See the Concepts chapter on file formats if you are are not sure what a 
matrix file is. 
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Conduit Flow Process (CFP, CRCH, COC) 

 
CFP is the conduit flow process for modeling karst systems, either as discrete channels or highly permeable 
layers.  The options on this dialog correspond to variable names from the CFP manual.  You should read 
that manual before trying to use CFP in Groundwater Vistas. 

Several things to note: 
(1) you must set modflow version to modflow2005 under model/modflow/packages. 
(2) cfp package is activated under model/modflow2005/packages 
(3) options are selected under model/modflow2005/options - cfp tab 
(4) CFP Model 1 (conduit pipes) uses only AE/Polylines to define the pipe network 
(5) pipe constant heads can be defined at either end of the polyline but not in the middle. 
(6) recharge percentage assigned to the pipe is constant for the whole pipe (polyline) 
(7) 2 polylines that meet in the same grid cell are assumed to connect.  However, if the polyline covers less 
than 15% of a cell (based on the average of delta-X and delta-Y), then it is dropped from the list.  So if you 
want conduits to intersect and connect, make sure they lie substantially within a cell. 
(8) data for MODE2 is entered under Props/Dual Domain (fractures).  Note that in Mode2, the data are 
constant by layer so it's best to do the same with this property.  If VOID is greater than zero in any cell, that 
whole layer is assigned to mode2. 
 
Limitations: 
(a) individual polylines used to represent pipes must be in only one layer (if you try to make them span 
layers, GV will simply reset the second layer to equal the first anyway).  Currently there is no way to 
connect pipes across different layers, although you may define pipes in multiple layers. 
(b) as stated above, recharge percentage assigned to the conduit is constant for the whole polyline.  If you 
want to simulate a sink hole, for example, you should use a polyline that defines the whole area where you 
want recharge applied. 
(c) GV does the node numbering and pipe numbering.  For debugging purposes, GV writes a shapefile of 
nodes and a shapefile of pipes when modflow2005 datasets are created. 
(d) no mass balance analysis yet. 
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Connected Linear Network (CLN) 

 
The Connected Linear Network (CLN) Package is only available in MODFLOW-USG.  It is designed to 
simulate multi-layer wells, 1D fractures, conduits, surface streams.  Both flow and transport are simulated 
by MODFLOW-USG in CLNs.  The previous chapter on designing models describes how to add CLN 
wells and CLN polylines. 

The options dialog shown below has all of the CLN options in Groundwater Vistas.  At the top of the 
dialog you can provide a unit number for a CLN head file that is written by MODFLOW-USG for each 
time step.  Heads are computed by MODFLOW-USG for CLNs just like in the groundwater nodes.  This 
head file can be useful in several ways.  First, just like in the groundwater model, the head-save file can be 
used to start another simulation to provide accurate starting heads.  This can speed up convergence.  To use 
a CLN head save file from a previous run, check the option that says “CLN starting heads from CLN head-
save file” and provide the file name below that option along with the time step and stress period to use.  
The heads are then read from that file and written to the CLN input file. 

Second, the CLN head-save file can be used by PEST when you choose to assign head targets to CLN wells 
(see middle of dialog).  If you activate this option, you also specify a distance.  Any head target within that 
distance of a CLN well (and in the same layer), will use the heads computed for the CLN well instead of 
the head computed for the groundwater node. 

The bottom of the CLN options dialog is for CLN polylines used to represent conduits and streams.  The 
first option is the connection type which can be one groundwater node connection per CLN node or you 
can connect each CLN node to any groundwater node it touches along with a minimum connection length 
to exclude small segments.   

A similar option is available for wells.  By default, CLN wells contain one CLN node for each layer 
penetrated.  By checking the option “Use 1 Node for CLN Wells” you can make each well only 1 CLN 
node.  There will be multiple connections if the well penetrates more than 1 layer but the CLN will only be 
one node (vertical line segment). 

There are options for drawing CLN node numbers along the CLN polylines and also CLN connection 
circles.  The font use for CLN node numbers is the same as for boundary condition text and is found under 
BCs|Options.   

Use the “Draw CLN Connection Circles” option to show how CLN polylines connect using a solid circle of 
the size you specify.  A red circle means that the beginning node has a connection.  A green circle means 
the ending node has a connection.  If you see a red rim around a blue circle it means the CLN is one node 
and both have connections.  If you see an orange circle, that means a node in between the beginning and 
end is connected to something.  This is a visual way of error-checking a CLN polyline network. 
 
To connect two CLN polyline nodes, select them. Click on one, hold down the shift key, and click on 
another one.  Then hit Ctrl-Alt-C or Edit/Connect CLNs.  Right now this only connects the ends together. 
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Grid Specification File (GSF) 

 
The grid specification file was originally developed to support kriging of pilot points in PEST for 
MODFLOW-USG grids.  It is also used now by mod-PATH3DU particle tracking in MODFLOW-USG 
models.  This file can take a very long time to create.  You only need to create it once for each model grid 
and then you can turn it off again under Model|MODFLOW-USG|Packages. 
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Block-Centered Transport (BCT) 

 
The MODFLOW-USG Block-Centered Transport (BCT) Package is designed to work in conjunction with 
the MODFLOW-USG.  The groundwater flow model provides velocities to evaluate contaminant transport 
in the subsurface and through the connected linear network domain associated with the CLN package. The 
transport package is therefore built on the same unstructured grid setup used in the flow modules including 
the porous matrix cells and CLN cells. A mass conservative, fully-implicit control volume finite difference 
(CVFD) scheme is used to solve the primitive form of the advection dispersion transport equation. The 
fully implicit scheme is unconditionally stable and does not impose a restriction on the time-step size as do 
explicit schemes. Therefore, for transient flow and transient transport simulations, the time-step size for 
transport follows that used for flow (no sub-steps are performed for the transport solution). For transient 
transport situations in steady-state flow conditions, the time stepping provided in the adaptive time stepping 
(ATS) package of flow is used to guide transport time-stepping. The Total Variation Diminishing (TVD) 
scheme is used to control numerical dispersion in the advection term. The dispersion terms are formulated 
implicitly for components along the principal axes. The cross-dispersion terms are optionally formulated in 
a semi-implicit manner on the right-hand side vector, with iterative updates. 

If you are familiar with using either MT3D or MODFLOW-Surfact for transport simulations, then using 
MODFLOW-USG for transport should be relatively simple.  The transport properties (porosity, 
dispersivity, chemical reactions, diffusion, initial concentrations) all work the same as those other models.  
The only exception is dispersivity.  If you choose the anisotropic dispersion option then there is a 4th 
dispersivity term used called longitudinal vertical dispersion.  It is used when flow is primarily vertical. 

There is currently one important limitation in Groundwater Vistas related to transport in MODFLOW-
USG.  Only one chemical component is currently support.  Given that there are no inter-component 
reactions currently in MODFLOW-USG, this is not a serious problem.  You simply need one GWV model 
for each component. 
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Prescribed Concentration Boundary (PCB) 

 
The PCB package is only necessary when you have constant concentration boundary conditions in a 
MODFLOW-USG transport simulation.  There are no options for this package.  You simply use 
Model|MODFLOW-USG|Packages to activate this package. 
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Dual Porosity Flow (DPF) 

 
MODFLOW-USG is unique in the MODFLOW world in that it is the only MODFLOW version that 
supports dual-porosity in the flow model.  Other models have dual-porosity transport but not flow.  Dual-
porosity flow is only simulated in transient stress periods.  MODFLOW-USG computes head and 
drawdown in the matrix blocks and these can be save to separate binary files on the options dialog.   

Properties used in DPF are found under Props|Dual Domain (fractures).  The variable names match those of 
the MODFLOW-USG manual and are summarized below: 

PHIF – the fraction of the total space that contains the mobile (fracture) domain. 

DDFTR – the dual domain flow trasfer rate. 

SC1IM – specific storage of the immobile (matrix) domain. 

SC2IM – specific yield or porosity of the immobile domain. 

 

 

Transient Material Properties (TMP1) 

 
The TMP1 Package for MODFLOW-Surfact gives you the option of changing hydraulic conductivity (Kx, 
Kz), and Storage (S and Sy) transiently.  This package must be used with the automated time stepping 
(ATO) package as well.  To save memory, Groundwater Vistas does not store information for this package 
by default.  Select the TMP1 options dialog and turn on the “Allocate” option and then provide the 
maximum number of zones that are affected and the maximum number of times to change properties.  
Zones can be either Kx zones or HSU (hydrostratigraphy) zones.  The latter are useful if your properties are 
highly heterogeneous or you are using matrices.  Note that the maximum number of zones is really the 
highest zone number where you will modify a property.  GV stores the information for a contiguous set of 
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zones from 1 to the maximum zone.  For this reason, you should design your model so that the lower 
numbered zones are the ones that will be adjusted by TMP1 to save memory. 

 

 
 

Once you have allocated memory by clicking OK after activating the TMP1 package, you choose 
Model|MODFLOW-Surfact|Time-Varying Properties to make the changes.  The spreadsheet (shown 
below), contains the time values and property changes for each zone.  You change the zone number in the 
field in the lower left corner of the dialog.  These property changes are multiplication factors on the default 
property value (the values defined at the start of the simulation).  A value of 1.0 means that no change will 
be made.  These multipliers are not cumulative but act on the original value.  So in the example below, 
value at 365 days for Kx is half the value at 100 days, not a factor of 10 lower.  The value of Kx at 100 
days is 10 times lower than the start of the simulation. 

The time values used in TMP1 must be the same for all zones.  These times can be entered using 
Model|MODFLOW-Surfact|TMP1 Time Values. 
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You can also created a comma-delimited (csv) file of TMP1 data and import that using 
Model|MODFLOW-Surfact|Import TMP1 Data.  The file is assumed to be in columns after a set number of 
header lines that are skipped.  Each line must have the same number of columns of data.  You specify the 
column number for zone, time, and the multiplication factors as shown below. 



Groundwater Vistas Version 7 Page 244 

 

Time-Variant Materials (TVM) 

 
The TVM Package for MODFLOW-USG gives you the option of changing hydraulic conductivity (Kx, 
Kz), and Storage (S and Sy) transiently.  It is similar in concept to the TMP1 Package of MODFLOW-
Surfact with two main differences.  First, the property changes occur at stress period boundaries, not at 
given elapsed time values.  Second, instead of only having a step change in propery values, you have the 
option of linear and logarithmic interpolation.  TVM also adds one other parameter that can change, which 
is the DDFTR parameter of the Dual Domain Flow Package. 

TVM also differs from TMP1 in that is takes as input the actual property values rather than multiplication 
factors.  However, in order to maintain compatibility with TMP1 usage in Groundwater Vistas, the 
multiplication factor concept is used.  Groundwater Vistas will multiply the property values defined in the 
model by these factors and write the actual property values to the TVM package input file. 

To save memory, Groundwater Vistas does not store information for this package by default.  Select the 
TVM options dialog and turn on the “Allocate” option and then provide the maximum number of zones that 
are affected.  Zones can be either Kx zones or HSU (hydrostratigraphy) zones.  The latter are useful if your 
properties are highly heterogeneous or you are using matrices.  Note that the maximum number of zones is 
really the highest zone number where you will modify a property.  GV stores the information for a 
contiguous set of zones from 1 to the maximum zone.  For this reason, you should design your model so 
that the lower numbered zones are the ones that will be adjusted by TVM to save memory.  
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Once you have allocated memory by clicking OK after activating the TVM package, you choose 
Model|MODFLOW-USG|Time-Variant Materials Spreadsheet to make the changes.  The spreadsheet 
(shown below), contains the stress period numbers and property changes for each zone.  You change the 
zone number in the field in the lower left corner of the dialog.  These property changes are multiplication 
factors on the default property value (the values defined at the start of the simulation).  A value of 1.0 
means that no change will be made.  These multipliers are not cumulative but act on the original value.  So 
in the example below, value at 365 days for Kx is half the value at 100 days, not a factor of 10 lower.  The 
value of Kx at 100 days is 10 times lower than the start of the simulation. 
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Transient Ibound (TIB) 

 
The TIB Package for MODFLOW-USG can make any node (groundwater or CLN) active or inactive 
transiently.  Groundwater Vistas only supports use of TIB, currently, for CLN nodes.  CLN polylines, as 
described in the last chapter, have a spreadsheet where the IBOUND (0 = inactive, 1=active) array can be 
edited for each stress period.   

For CLN wells, Groundwater Vistas looks at the transient data spreadsheet.  If the well does not have an 
entry for a stress period then it assumes that the ibound should be zero for that well in that stress period.  
This can be tricky so we will give an example.  The following transient data spreadsheete from an analytic 
well used as CLN would have the transient ibound equal to 1 for all stress periods: 
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Even though the well is off during stress period 1 above, there is a pumping rate (albeit zero) assigned to it.  
The following transient data spreadsheet, on the other hand, would have the ibound equal to zero in the first 
stress period and then the well would turn on in stress period 2. 

 
The difference is subtle but important.  In these two simulations, the head solution will be slightly different.  
In the first one where the well exists in stress period 1 but is not pumping, there will still be flow through 
the borehole connecting multiple layers.  In the second, no connection exists. 

Groundwater Vistas will not automatically activate TIB.  If you want to use it, you must go to 
Model|MODFLOW-USG|Packages and acivate it manually. 

Sink Return Flow (QRT) 

 
The QRT Package takes flow from one node in the model and recharges it to one or more nodes elsewhere 
in the model.  It works a lot like the drain return flow package.  Groundwater Vistas only supports 
removing flow from a CLN polyline and recharging it to a series of cells defined by a given HSU zone 
number.  The boundary conditions tab on the CLN dialog (described in the last chapter) defines the flow 
removed, the factor applied to that flow, and the HSU zone number where it is recharged.  The factor is 
multiplied by the flow amount to determine how much water is recharged.  There are no other options for 
QRT.  Simply choose Model|MODFLOW-USG|Packages to activate it. 
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Density Driven Flow (DDF) 

 
The density driven flow (DDF) package is analogous to  SEAWAT.  It provides for a density-dependent 
flow and transport simulation.  The first step, then, is to set up a MODFLOW-USG model that simulates 
flow and transport.  Then activate the DDF package under Model|MODFLOW_USG|Packages dialog.  
Finally specify the three options below.  These include freshwater and maximum density (standard solution 
density), and the maximum concentration (standard solution concentration).  In the default case shown 
below, GV assumes that a concentration of 1.0 means seawater and 0.0 means freshwater. 

 

Specified Gradient Boundary (SGB) 

 
The specified gradient boundary is unique to MODFLOW-USG.  It can be used in areas where you know 
the gradient of flow into or out of the model but want the head to be able to move up or down in response 
to other stresses.  The main data input for SGB is the gradient (dimensionless) and the area normal to flow.  
In Groundwater Vistas, the area can be in the X, Y, or Z directions and computed automatically or you can 
specify the area term explicitly.  The product of gradient and area are then written to the SGB input file.  
Note that a positive gradient represents inflow to the model and negative is outflow. 

SGBs are defined like any other boundary condition (see the chapter on Designing Models).  The SGB 
dialog is shown below. 
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Dual Porosity Transport (DPT) 

 
The DPT Package includes options, transport related parameters and initial conditions for solution to 
transport of contaminants in a steady-state or transient flow field in the immobile (matrix) domain of the 
dual porosity system. Input for the mobile (fracture) domain is supplied with the BCT package.   In 
addition to the options shown below for the Dual Domain Transport dialog, there are two properties that 
relate to dual domain transport in MODFLOW-USG.  These are Props|Bubble Pt/Dual Porosity Transport 1 
and Props|Dual Porosity Transport 2.  The parameter types needed for DPT are shown below along with 
their location in GV. 

 

PHIF—is the mobile fraction. i.e., the fraction of the total space that is occupied by the mobile domain. 
This is the same as for DDF Package and is found in Props|Dual Domain (fractures).  

 

PRSITYIM—is the effective transport porosity of the immobile domain.  This is porosity2 of the Storage 
property. 

 

BULKDIM—is the bulk density of the porous matrix of the immobile domain. GV assumes this is the same 
as the mobile domain. 
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DLIM—is the longitudinal dispersivity coefficient for transport between mobile and immobile domains 
when flow is also dual porosity.  This is found in the Bubble Pt/Dual Porosity Transport 1 property (matrix 
number 2). 

 

DDTTR—is the mass transfer coefficient for diffusive transport between mobile and immobile domains. 
This is found in the Bubble Pt/Dual Porosity Transport 1 property (matrix number 3). 

 

SIM—is the saturation in the immobile domain which is input when dual domain flow is not solved. This is 
found in the Dual Porosity Transport 2 property (matrix number 1). 

 

ADSORBIM—is the adsorption coefficient of a contaminant species in the immobile domain. This is found 
in the Dual Porosity Transport 2 property (matrix number 2 – GV calls this IM Kd). 

 

Two other properties are found in Dual Porosity Transport 2 property, including the half-life of the 
contaminant in the immobile domain (IM Half-life – matrix 3) and half-life of sorbed contaminant in the 
immobile domain (IM Soil Decay – matrix 4). 

 

 

BCF4 (Surfact) 
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There are numerous options for BCF4, mainly related to unsaturated flow.  You should carefully read the 
SURFACT manual before attempting to run an unsaturated simulation.  To run an unsaturated zone 
simulation, first select the option at the top that says “Implement Variably Saturated Flow Option”.  Once 
you do this, then the drop-down list labeled “Unsaturated Modeling Option” determines which option to 
use.  At the bottom of the dialog are the unsaturated zone flow constants (van Genuchten parameters).  
These can be constant and entered here or can come from the Props/Unsaturated Zone menu. 

To run a variably saturated simulation that is equivalent to MODFLOW-NWT, use the “pseudo-soil 
relations” option shown on the dialog below.  This is not a rigorous unsaturated flow simulation but will 
keep cells from going dry, much like in MODFLOW-NWT.  Consult the MODFLOW-Surfact manual for 
more information on this. 

A very useful option for MODFLOW-Surfact is to include vertical hydraulic conductivity (Kz) in the BCF 
file instead of leakance (VCONT).  Using this option, MODFLOW-Surfact will compute leakance 
internally as it runs.  This makes estimating Kz in PEST much more intuitive and faster. 

At the bottom are two options that are also important.  The first to create the MPH file is necessary when 
running MODPATH in MODFLOW-Surfact models that use ATO4, FWL4, FWL5, and/or fully 
unsaturated flow (i.e., not pseudo-soil functions).  This MPH file is required by the special version of 
MODPATH v3 (mpath3_v3.exe) used with MODFLOW-Surfact.  The second option allows MODFLOW-
Surfact to mix steadystate and transient stress periods in the same run just as in 
MODFLOW2000/2005/NWT.  If this option is NOT checked, then all stress periods are either steadystate 
or transient depending on the option under Model|MODFLOW|Package Options – BASIC tab. 
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Fracture Wells (FWL4 and FWL5) 

 
The FWL4 and FWL5 Packages are roughly equivalent to the Multi-Node Well (MNW) Packages of 
MODFLOW2000/2005/NWT and the CLN wells in MODFLOW-USG.  The FWL4 package uses 
superposition of the well node with the porous matrix node. The FWL5 package on the other hand keeps 
them as separate nodes with the Theim equation well function providing for flow between the matrix block 
and its associated well node.  The FWL5 package then seeks simultaneous solution for heads in the well 
and porous matrix block nodes, which are distinct from each other; therefore, the porous matrix grid-block 
does not require refinement around the wells for better accuracy of well flows, heads and extraction 
conditions. 

The usage of FWL analytic wells was described in the previous chapter on model design.  The only option 
on the Fracture Well dialog under Model|MODFLOW-Surfact|Options – FWL tab, is the well factor used 
in the well bore storage calculations.   

RSF4 (Surfact) 

 
RSF4 is an enhanced recharge package for MODFLOW-Surfact.  The new options in the RSF4 package 
include the accommodation of prescribed-ponding recharge to allow unconfined recharge boundary 
conditions and seepage face boundary conditions.  If the RSF4 Package is activated on the 
Model|MODFLOW-Surfact|Packages dialog, ponding depths should be supplied through the Recharge 
property database. RSF4 actually requires a ponding elevation.  However, this is more complicated to 
create than a depth.  Therefore, GV asks for a ponding depth and then computes an elevation by adding this 
depth to the top elevation of layer 1.  When the model runs, if water levels go above this ponding elevation, 
recharge is reduced until heads drop back below this elevation. 

A seepage face boundary can be specified by checking “Seepage Face (RSF4)” box in a drain boundary 
condition dialog.  You must then also check the option under Model|MODFLOW-Surfact|Options – RSF4 
tab, to employ recharge seepage face boundary conditions.  Consult the MODFLOW-SURFACT manual 
for additional information on recharge seepage face boundary conditions. 

In a transport simulation, recharge concentrations are also provided to MODFLOW-Surfact in the RSF4 
Package. 
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Adaptive Time Stepping (ATO4) 

 
The Adaptive Time Stepping package (ATO4) is an alternative to the original Output Control package and 
also conducts the transient solution for flow using an adaptive time-stepping scheme with automatic 
generation and control of time steps.  Input to ATO is through a spreadsheet found by selecting 
Model|MODFLOW-Surfact|Auto Time Stepping.  The following information is provided to this 
spreadsheet: 

• Initial time step size 

• Minimum time step size 

• Maximum time step size 

• Time step multiplier 

• Time step reduction factor 

• Number of printout times 

• Print every n time steps 

You may either tell MODFLOW-SURFACT to print head, drawdown, and concentration every so many 
time steps (“Print Every N”) or at specified time values (No. Times).  To use the specified time values 
option, enter the number of times that you would like to print and then press the “Print Times” button to 
edit the values in a scrolling list.  These time values are elapsed time in model units of time since the 
beginning of the stress period.  See the MODFLOW-SURFACT manual for more information on these 
options.  The head and drawdown print formats and print/save options required by ATO4 are entered by 
selecting Model|MODFLOW|Output Control. 

 
The initial time-step size is used for the first time-step of the stress period. If convergence is achieved 
within 35% of the maximum number of iterations (MXITER in PCG4 or PCG5), the time-step size is 
increased by the multiplying factor (Multiplier above). For a convergence rate between 35% and 65% of 
MXITER, the time-step size is unaltered, and the convergence behavior of the system is considered optimal 
for this time step size. If, however, the number of iterations required to achieve convergence exceeds 65% 
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of MXITER, the time-step size is reduced by a dividing factor (Reduction shown in spreadsheet above). If 
convergence is not achieved for a particular time-step, the time-step size is reduced by a factor 5.0 and 
computations are redone for the smaller time-step size. In addition, if a print time (i.e., the target time value 
at which the output printing/saving is required) is reached, the time-step size is selected to include the print 
time value. If the time step size is reduced to be smaller than the minimum step size, the simulation is 
aborted. This technique provides a means of exiting the program simulation if severe difficulties are 
encountered. Finally, the time step size is constrained to be less than or equal to the maximum time step 
size. This constraint is significant for accuracy of time discretization, even when the non-linearities are 
mild or insignificant. 

Adaptive Time Stepping (ATS) 

 
Adaptive time stepping in MODFLOW-USG is a modification to the output control file and does not use a 
separate input file.  Select Model|MODFLOW-USG|Options – ATS tab and check the box at the top to turn 
on this feature.  You should always use ATS with steadystate flow and transient transport simulations.  For 
transient flow and transport, ATS is not strictly needed.  However, in this case transport is solved on the 
same time stepping scheme as flow, which may result in convergence difficulties. 

The adaptive time-stepping algorithm of MODFLOW-USG is tied to the number of nonlinear iterations 
that a time step takes to converge to the solution. If the problem was solved within one-third the total 
number of nonlinear iterations, then the solution is assumed to be easy and the time-step size is increased 
by a user selected adjustment factor (Multiplier in the GV spreadsheet), for the next time. If the problem 
was solved within two third (but greater than one third) the total number of nonlinear iterations, then the 
solution is considered optimal and the time-step size is kept the same for the next time. If the problem 
required more than two third the total number of nonlinear iterations, then the solution is considered hard 
and the time-step size is decreased by the user selected adjustment factor (Multiplier in the spreadsheet 
shown below), for the next time, to try and prevent nonconvergence. 

If however, the system fails to converge for the maximum prescribed number of nonlinear iterations, the 
time-step size is reduced by a time-step cutting factor (Reduction in the spreadsheet) and solution is 
reattempted for this reduced time-step size. The adaptive time-stepping algorithm further adjusts time-step 
sizes to evaluate the solution at various target time values. Target times may result from user defined output 
times or at time values when there is a change in stresses or stress periods.  These target times are entered 
on the options dialog shown below.  You specify the number of times you require and then click the “Time 
Values” button to enter these values.  These times are elapsed time since the beginning of the simulation. 

The adaptive time-stepping algorithm is further subject to constraints on the time step size. A user defined 
maximum time-step size value is not exceeded. Furthermore, if the adaptive time step size is computed to 
be smaller than a user defined minimum time-step size then the simulation is aborted. The minimum time-
step size is further used in adapting the time-step size of a simulation to achieve target times that may not 
be smaller than this minimum time-step size. 

Output control flexibility is included with adaptive time stepping. Output can be requested at every N time 
step, or at user defined time values. The former option is useful when beginning a project and evaluating 
how the simulation is behaving. The latter option is useful for production simulations of a project when 
output values are desired at particular times. With MODFLOW’s time stepping procedures, the print flags 
are set at every time step to determine what is to be output (heads and drawdowns in the ASCII listing and 
binary output files, cell-by-cell flow terms and mass balance components). These print flags are set at every 
stress period when adaptive time stepping is used, with the relevant output provided at every nth time step, 
or at the user defined time values. 
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Use of adaptive time stepping further allows adaptation of some of the solver parameters between stress 
periods. Specifically, the closure tolerance for nonlinear convergence (HCLOSE), the maximum outer 
number of iterations (MXITER) and the backtracking tolerance factor (BTOL) may be allowed to vary 
between iterations for better numerical control. For instance, it may be more beneficial for steady-state 
stress periods to use larger number of iterations (MXITER=200) with a tight backtracking tolerance factor 
(BTOL=1.1) to force the solution to behave. On the other hand, a smaller number of iterations  
MXITER=15) and large backtracking factor (BTOL=1.0E6) may be more suitable for transient stress 
periods with small changes from previous conditions.  

 
To edit the ATS parameters for each stress period, use Model|MODFLOW-USG|Adaptive Time Stepping 
(see below).  When changing the solver parameters (MXITER, BTOL, HCLOSE), a zero value means keep 
using the value from the previous stress period.  In the example below, 500 is entered for MXITER for 
stress period 2.  Stress period 1 would use whatever value of MXITER was entered on the SMS Solver 
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Options dialog.  Stress period 3, because it is back to zero, would keep using the MXITER value of 500 
from stress period 2. 

 

Transport (Surfact) 

 
MODFLOW-Surfact is not compatible with MT3D.  Therefore, to run a transport simulation in 
MODFLOW-Surfact, you need to activate the Transport package.  This is done on the Model|MODFLOW-
Surfact|Packages dialog.  You need the transport package and potentially the prescribed concentration 
boundary (PCN) and constant head transport package (HCN).  The latter is needed if you have any constant 
head cells in your model.  In addition to activating these packages, you also need to choose Model| 
MODFLOW-Surfact|Options – Transport tab and turn on use of transport as the first option on this dialog.  
The rest of the dialog provides all of the options that Surfact has for transport.  Please consult the 
MODFLOW-Surfact manual for information on these options. 

One option that deserves some explanation is called “Multiply adsorbed mass by saturation”.  In the 
MODFLOW-Surfact manual this is called IUNCAD.  When using the pseudo-soil option to deal with 
desaturated cells, this option should be turned on so that sorbed mass is restricted to the saturated part of 
the cell and not the entire cell thickness. 
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The Initial Concentrations tab of the MODFLOW-Surfact options dialog, has the option of using a binary 
concentration file from a previous run as initial concentrations to the current run.  You activate this option 
using the checkbox at the top, enter the file name (*.con for Surfact), and then provide the flow stress 
period and time step and the transport time step to use. 
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When using chain decay option in transport, the “Species Data” tab on this dialog provides input for the 
stoichiometric ratio between the different components.  STOICH in the dialog below is actually variable 
SFACTR in the MODFLOW-Surfact manual.  Decay of one unit of Species 1 produces SFACTR(1) units 
of Species 2, etc.  You can also provide a name which will be used for labeling in the input files. 
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The “Species Constants” tab of the MODFLOW-Surfact Options dialog contains constants used when 
simulating transport in water and air or when NAPL is present.  Please consult the MODFLOW-Surfact 
manual for more information on these variables.  Note that when simulating NAPL with MODFLOW-



Groundwater Vistas Version 7 Page 261 

Surfact, component N+1 is used to store initial saturations for the NAPL phase where N is the total number 
of components for dissolved transport. 

 

 

 

 
Finally, MODFLOW-Surfact can simulate density-dependent transport.  Options for this are on the 
“Density” tab of the MODFLOW-Surfact Options dialog. 
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PCN (Surfact) 

 
The MODFLOW-Surfact PCN package should be used when you have constant concentration boundary 
conditions in the model.  There are no other options for this package.  Please see the previous chapter on 
designing boundary conditions. 

HCN (Surfact) 

 
The MODFLOW-Surfact HCN package should be used when you have constant head boundary conditions 
in the model and you are simulating transport.  There are no other options for this package. 

Reactions (Surfact) 

 
A new feature in MODFLOW-SURFACT Version 3 is the use of RT3D reactions.  To activate this feature, 
set up MODFLOW-SURFACT for transport as you normally would.  Then go to Model/MT3D/RT3D 
Options and select a reaction module from the drop-down list.  Reaction constants are then entered as for 
RT3D on that same dialog 
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Notes on MT3D Packages 
The following subsections describe each MT3D Package supported by GV.  We provide the location of the 
package options within the GV menu structure, versions of MT3D supported, and other information to help 
you use these packages effectively.  Note however, that there is no substitute for reading the documentation 
for MT3D version 5 and MT3D-USGS.  These  are provided with the GV install in the 
gwv7\documentation\MT3D folder. 

While GV is backward compatible with older versions of MT3D, you will probably use either MT3DMS 
version 5.3 or MT3D-USGS.  The latter is the latest version and moving forward will be the standard 
version of MT3D.  The new packages (CTS, LKT, UZFT, SFT) are not available in the Standard version of 
GV but MT3D-USGS can still be used by the Standard version without these newer packages. 

Basic Transport (BTN) 

 
The basic transport package contains most of the options for the simulation, along with initial 
concentrations, and porosity.  The Basic Transport dialog shown below has a lot of these options, which 
have been merged from the GV6 Basic Transport and MT3DMS options dialogs into one new dialog. 

MT3D can have inactive cells for transport that are different from inactive flow cells (noflow cells).  To 
create inactive transport cells in Groundwater Vistas, you use a special diffusion zone number (default of 
10 on this dialog).  Any cell that has diffusion zone 10 defined will not be considered in the transport 
simulation. 

The BTN options contain time, length, and mass units.  These are just descriptive text that is added to the 
output file for MT3D.  They do not change anything about the transport run. 

By default, GV sets up the MT3D run to remove contaminants in water extracted through ET.  There is an 
option on this dialog to not remove any contaminant concentration in ET.  This will allow concentrations to 
build up in ET cells. 

MT3D in SEAWAT version 4 and in MT3D-USGS has a new option for diffusion where each component 
can have its own diffusion coefficient.  There is a checkbox on this dialog which should be on for 
SEAWAT version 4 runs. 

MT3D has a steadystate transport option.  A checkbox is provided to simulate transport in steadystate.  
When doing this you will only get 1 transport timestep, just as in a steadystate flow simulation. 

The number of components (NCOMP) has been moved from the old MT3DMS options dialog in GV6 to 
the Basic Transport dialog in version 7.  When simulating more than one component, you need to decide 
whether to store initial concentration and recharge concentrations for all components.  Checkboxes are 
provided on this dialog.  If you do NOT check these options and try to enter data for components greater 
than 1, the updated concentrations are applied to component 1. 

The last five options on this dialog are new in MT3D-USGS.  Please consult the MT3D-USGS manual for 
a description of these options. 
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The Initial Concentrations tab of the options dialog, has the option of using a binary concentration file from 
a previous run as initial concentrations to the current run.  You activate this option using the checkbox at 
the top, enter the file name (*.ucn for MT3D), and then provide the flow stress period and time step and the 
transport time step to use. 
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The Printing tab has options for how often to save concentration data to the binary concentration file 
(UCN), the observation file (*.obs), and the mass summary file (*.mas).  For the UCN file, you can either 
print every N time steps or you can enter elapsed time values to save to the UCN file.  Since MT3D usually 
has a lot more time steps than MODFLOW, you should be careful how many time steps are saved.  In a 
very large model this can result in a huge file size. 

 
The time stepping file controls how many transport steps are used for each MODFLOW flow time step.  
The “Transport Time Step Size” is the initial time step size for the finite-difference technique.  This time 
step size is subseuqently multiplied by the time step multiplier up to the maximum step size.  The transport 
time step size is the constant step size for TVD scheme.  Note that TVD will reduce this step size if the 
courant number is violated.  You can override the TVD selected time step size by making this step size 
negative.  The maximum transport time steps per flow step is an annoying option and seems rather 
pointless.  However, if you do not make this large enough, the MT3D run will stop before completion.  
Ideally, make this number very large (e.g. 100000). 
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When using chain decay option in transport for MT3D-USGS, the “Species Data” tab on this dialog 
provides input for the stoichiometric ratio between the different components.  STOICH in the dialog below 
is actually variable SFACTR in the MODFLOW-Surfact manual.  Decay of one unit of Species 1 produces 
SFACTR(1) units of Species 2, etc.  You can also provide a name which will be used for labeling in the 
input file 
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Advection (ADV) 

 
In most cases the advective scheme is either finite-difference or TVD.  The older MOC schemes are also 
still available but generally suffer from severe mass balance issues.  Most modelers choose either finite 
difference or TVD.  Finite-difference is unconditionally stable and can use large time step size so the runs 
are fast.  The down-side of finite-difference is the addition of numerical dispersion.  TVD, on the other 
hand, has less problems with numerical dispersion but time steps are very small, resulting in long run times. 

 

Dispersion (DSP) 

 
The dispersion package contains dispersivity values and diffusion coefficients.  Dispersivity is entered 
using Props|Dispersivity.  Note that only the first three columns in the dispersivity zone database (or 
matrices 1 through 3) are used by MT3D.  These are the longitudinal dispersivity (Longitudinal_D), 
transverse horizontal dispersivity (Transverse_D), and transverse vertical dispersivity (Transverse_V).  
Longitudinal dispersivity can be heterogeneous within a layer.  However, the transverse horizontal and 
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transverse vertical dispersivity values are entered as a multiplier on longitudinal dispersivity and are 
constant by layer. 

Diffusion coefficients are enter using the Props|Diffusion property. 

Source/Sink Mixing (SSM) 

 
The source/sink mixing package has no options other than the boundary conditions that you add to your 
model, as described in the previous chapter.  GV automatically adds these potential sources of 
contamination to the SSM package, including concentration in recharge.  Note that constant concentrations 
are now placed in the SSM package rather than using -1 for transport IBOUND in the Basic Transport 
package input file.  Also, if you specify a concentration in a boundary condition (e.g. a river cell) that is 
removing water from the aquifer, that concentration value does appear in the SSM input file.  However, it is 
not used by MT3D.  MT3D only uses these boundary cell concentrations if the BC is recharging water to 
the aquifer. 

Reactions (RCT) 

 
In MT3DMS, there were two types of reactions, sorption and decay.  MT3D-USGS added some new 
options to these reaction types and added a whole new category as well.  Sorption can be one of the 
following types: 

- No Sorption 

- Linear Sorption 

- Freundlich Isotherm (Nonlinear) 

- Langmuir Isotherm (Nonlinear) 

- 1st Order Kinetic 

- Dual Domain without Sorption 

- Dual Domain with Sorption 

- Dual Domain with Different Mobile/Immobile Sorption (MT3D-USGS only) 

The first column in the chemical reactions database is used with all of these reactions.  MT3D data input 
guide calls this SP1.  For most, it is the distribution coefficient (Kd).  The nonlinear sorption reactions also 
use a variable called SP2.  This is the 3rd column in the Diffusion database.  Bulk density of the aquifer 
material is also required, which is the 2nd column in the chemical reactions database.  One other variable is 
needed for the new MT3D-USGS option Dual Domain with Different Mobile/Immobile Sorption.  This 
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also needs Kd for the immobile domain, which is the 4th item in the chemical reactions database (new in 
GV7). 

For the dual domain reaction types, you also need porosity of the immobile domain.  This is called 
porosity2 (4th column in the Storage database or matrix #4). 

Decay reactions also have a number of options, as summarized below: 

- No decay 

- 1st order decay 

- Monod Kinetics 

- 1st order chain decay (MT3D-USGS only) 

- Zero order decay 

In 1st order decay (and chain decay), MT3D takes as input a reaction coefficient.  This is computed as the 
natural log of 2 divided by half-life in model units of time (e.g. days).  GV requires you to enter half-life 
and then computes the reaction coefficient for you.  If you are using Monod Kinetics, however, you enter 
the reaction coefficient directly in the chemical reactions database (3rd item).  When using the new chain 
decay option, you also need to provide the stoichiometric ratio from the Species Data tab, as described 
above in the Basic Transport Package. 

Zero order decay is often used to simulate groundwater age.  This is easy to do.  Just use zero initial 
concentrations and a decay coefficient (3rd item in chemical reactions database) of -1.0.  The output 
concentrations in this case are groundwater age in units of model time (e.g. days). 

 

 



Groundwater Vistas Version 7 Page 272 

GCG Solver (GCG) 

 
GCG is the only solver currently available for MT3D (although it is possible that SAMG will be available 
soon).  The default options on the GV GCG solver tab will generally work for most problems.  If the 
transport run is not converging the first thing to try is make the maximum number of iterations larger.  If 
that does not work, you will probably have to reduce the maximum transport step size under the Time 
Stepping tab. 

 

Contaminant System Treatment (CTS) 

 
The Contaminant Treatment System (CTS) Package is new in MT3D-USGS.  This complex package is 
designed to simulate the pumping, treatment, and reinjection of contaminants.  CTS options are used to 
determine whether to use the normal MODFLOW Well package or the MNW2 Package.  Those are the 
only two options and these cannot be mixed.  You have to use one or the other.  Also, there is a serious 
problem in the MNW2 package with CTS.  MNW2 wells often have a small amount of injection in or more 
layers of the wellbore.  The net flux is the flow rate you specify but there can be some injection.  CTS 
requires that you explicitly list injection vs pumping wells and this includes individual layers for MNW2.  
Because GV cannot know this ahead of time, there is really no practical way to make this work.  You can 
try to use the MNW2 option but if you see large problems or errors, this is likely the cause. 

The options dialog also have maximum values for number of treatment systems and number of stress 
periods for memory allocation.  Set these accordingly before trying to use the rest of the data input for CTS. 
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There is a Contaminant Treatment System submenu on the MT3D/RT3D menu in GV7.  This menu has 4 
options.  The first is definition of treatment system wells, as shown below.  There is a different spreadsheet 
for each treatment system.  Each row of the table is a stress period.  You change between treatment systems 
using the field in the lower left corner of the dialog.  For each stress period you define a range of reach 
number for pumping wells (Q Reach 1 to Q Reach 2) and injection wells (I Reach 1 to I Reach 2).  The 
variables itrtinj, ioptinj, Qout, and Qin are explained in the MT3D-USGS manual.  ITRTINJ is the level of 
treatment provided for the treatment system.  This is an integer option of 0 for no treatment, 1 for same 
level of treatment for all injection wells, and 2 for different level of treatment for each injection well.  
Option 2 is not supported by Groundwater Vistas.  IOPTINJ is also an integer from 1 through 4 and 
determines what CMCHGINJ values mean.  Qin is the external flow rate of water entering the treatment 
system from outside the model. Qout is the outflow of water from the treatment system to an external sink 
(not part of the model).  The concentration of contaminants in this external source of water is called 
CINCTS and is entered in the 4th menu item spreadsheet described later. 

 
 

The second CTS menu item is called Maximum Concentration Limits.  There is a different spreadsheet for 
each treatment system.  Each row of the table is a stress period.  You change between treatment systems 
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using the field in the lower left corner of the dialog.  For each stress period you define the variable CNTE 
(concentration not to be exceeded for a treatment system) for each component (maximum 12 components).  
Please consult the MT3D-USGS manual for the significance of this variable. 

 
The third CTS menu item is called System Concentrations.  There is a different spreadsheet for each 
treatment system.  Each row of the table is a stress period.  You change between treatment systems using 
the field in the lower left corner of the dialog.  For each stress period you define the variable CMCHGINJ 
(concentration limits enforced at each injection well) for each component (maximum 12 components).  
Please consult the MT3D-USGS manual for the significance of this variable. 
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The 4th menu item is called External Concentration Input.  There is a different spreadsheet for each 
treatment system.  Each row of the table is a stress period.  You change between treatment systems using 
the field in the lower left corner of the dialog.  For each stress period you define the variable CINCTS 
(concentration from an external source) for each component (maximum 12 components).  Please consult 
the MT3D-USGS manual for the significance of this variable. 

 

Unsaturated Zone Transport (UZT) 

 
UZT from MT3D-USGS works with the UZF Package of MODFLOW2005/NWT.  Some of the input for 
UZT comes directly from the UZF package.  Recharge concentrations come from the Rechare property.  
New parameters include initial water content and initial saturated thickness.  These are both computed 
based on the starting heads for the simulation.  The starting water content (WC) is equal to porosity where 
the starting head is above the cell bottom.  In unsaturated cells WC is equal to the residual water content of 
the unsaturated flow property (3rd column in the zone database or matrix #3).  The starting saturated 
thickness is zero if the starting head is below the layer bottom, otherwise it is the saturated thickness of the 
cell. 
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Lake Transport (LKT) 

 
Lake transport assumes that LAK3 is used in the flow model.  LKT requires input of initial lake 
concentrations.  GV7 is limited to zero initial concentrations for lakes. 

 

Stream Flow Transport (SFT) 

 
Like the LKT, SFT assumes starting stream concentrations of zero in GV7.  Dispersivity in streams is 
assumed to be a constant value (DISPSF) and can be entered on the Streams tab of the MT3D options 
dialog shown below. The remaining options on this dialog are described in the MT3D-USGS manual. 
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Using RT3D 
Groundwater Vistas now supports the RT3D model as a special subset of MT3D simulations.  Note that 
you must use the program rt3d_v25.exe which is distributed with Groundwater Vistas.  The version from 
Battelle will not work with Vistas because the format of the binary files is not compatible. 

RT3D supports seven specialized reaction models, all of which use multiple chemical components.  These 
components affect boundary conditions, recharge concentrations, initial concentrations, and chemical 
reaction parameter databases in Groundwater Vistas.  The RT3D Options dialog is shown below and 
referenced in the following discussion of how each aspect of RT3D is implemented in Groundwater Vistas. 

Each boundary condition may have an associated concentration just like in MT3D and the other supported 
transport models.  In addition, however, RT3D allows you to specify concentrations for each mobile 
component.  To do this, you need to check the box labeled Store data for all chemical components.  When 
you check this option, the button labeled "Component C." becomes active and you can enter concentrations 
for other components.  Components are numbered from 1 through MCOMP components (see RT3D 
documentation).  The first component is the normal one entered on the boundary condition dialog or by 
pressing the "Transient Data" button on the boundary condition dialog.  Components 2 through MCOMP 
are entered by pressing the "Component C." button. The default condition is that these additional 
component concentrations are not stored.  This saves a tremendous amount of memory.  You should only 
store component concentrations when necessary and not on a routine basis. 

A special feature is also available for the constant concentration boundary conditions.  You have the option 
of having all component concentrations constant or only component number 1.  RT3D is more general than 
this, allowing you to set any of the components constant.  The current version of GV only allows one or all 
components to be constant.  You can get around this restriction, however, by entering a negative 
concentration for a component.  This tells RT3D to not set a constant concentration for that component. 

Each component is referenced by a number.  The components are numbered in order as they appear in the 
RT3D manual (and the dialog shown above) for each reaction model.  To confirm the component numbers, 
select Model/MT3D/RT3D Options.   
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You may specify the concentration for any mobile component that will be infiltrated with recharge.  By 
default, however, this option is disabled to save memory.  To activate the use of more than one component 
with recharge, choose Model/MT3D/RT3D Options and check the box at the top of the dialog labeled Store 
Component Recharge Concentrations.  To edit the component recharge concentrations, you first select 
Props/Recharge to edit his property.  Next, select Props/Current Component and enter the number of the 
chemical component you wish to edit.  Finally, select Props/Property Values/Database and enter the 
concentration for that component in the third column of the database.  All components must use the same 
pattern of recharge zones but may have different concentrations in the database corresponding to each zone 
number. 

Each component is referred to by a number.  The components are numbered in order as they appear in the 
RT3D manual for each reaction model.  To confirm the component numbers, select Model/MT3D/RT3D 
Options.   

GV assumes that, by default, only the first chemical component will have non-zero initial concentrations.  
To enter initial concentrations for other components, select Model/MT3D/RT3D Options and check the box 
at the top of the dialog labeled Store Component Initial Concentrations.  To edit the component initial 
concentrations, you first select Props/Initial Concentrations to edit his property.  Next, select Props/Current 
Component and enter the number of the chemical component you wish to edit.  Finally, select 
Props/Property Values/Database and enter the concentration for that component in the first column of the 
database.  Each component may have a different pattern of zones and a different database. 

The first seven reaction models are supported by GV.  You select the model for your simulation by 
selecting Model/MT3D/RT3D Options.  You first check the box labeled "Create RT3D Datasets".  This 
option tells GV to create RT3D files the next time MT3D datasets are created.  The reaction model is 
selected from a pulldown combobox on this dialog.  As you select the specific model, the lower portion of 
the dialog displays component names, values for RTOL and ATOL variables, and reaction constants.  Be 
sure to confirm that the reaction constants are correct before running the model!  This is especially true for 
the decay rates, which have default values of one year (assuming that you are using time units of days).  
Note also that the decay constants on this dialog must be computed as the natural log of 2.0 divided by the 
half-life of the contaminant.  GV does not compute this for you. 

When you import results from RT3D, you will need to use the *.UCN files.  You will see several of these, 
one for each component.  If your root file name was RT, then you will see files names RT001.UCN, 
RT002.UCN, etc.  You will also see RT001.CON, etc.  These files are not in the proper format for GV to 
process.  You must use the *.UCN files. 
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Triangular, Voronoi, and Other Grid Types 
 

Introduction 
Previous versions of Groundwater Vistas (prior to version 7) only had one document type.  In Version 7, a 
new document type called the GWVistas FE type (FE stands for finite element).  The original intent of this 
document was to design finite-element models.  However, with the new MODFLOW-USG model, the FE 
document type was modified to use triangulat, voronoi, and other mesh types for use in MODFLOW-USG 
and MODFLOW6 (when available).  You must have a license for either the Professional or Premium levels 
of Groundwater Vistas to use these new grid types. 

The intent of the new FE grid types in Groundwater Vistas was to design the grid outside of GV and then 
import it into GV via a grid specification file (GSF).  A license for AlgoMesh is bundled with the 
Professional and Premium versions to facilitate this type of design.  You can also use the USGS gridgen 
program to create quadtree grids, followed by use of a utility from the PEST suite of utilities called 
gridgen2gsf.exe to create the required GSF file. 

The AlgoMesh installation program is called AlgoMesh-xxxxx-x64.msi (e.g. AlgoMesh-1.2.0.37827-
x64.msi), there the xxxxx is the version number.  Double-click this file from the GV7 installation media or 
download archive and follow the instructions.  When you launch AlgoMesh for the first time, you are 
presented with a registration dialog (shown below).  Copy the Registration ID to the clipboard and paste 
into an email and send it to support@groundwatermodels.com.  We will then return a License Key for your 
installation.  AlgoMesh does not use hasp keys (dongles) like GV7 does. 

 

 
 

AlgoMesh has extensive documentation and tutorials.  The manual is called AlgoMesh User Guide.pdf and 
is located in the c:\Program Files\AlgoMesh\Documentation folder after installation.  The GV7 tutorial 
manual also has a tutorial on how to use AlgoMesh to support modeling in Groundwater Vistas. 

mailto:support@groundwatermodels.com


Groundwater Vistas Version 7 Page 280 

Starting a New FE Model 
The intent of the new FE grid types in Groundwater Vistas was to design the grid outside of GV and then 
import it into GV via a grid specification file (GSF).  A license for AlgoMesh is bundled with the 
Professional and Premium versions to facilitate this type of design.  You can also create simple 
unstructured grids in Groundwater Vistas. 

To start a new FE model, select File|New from the main menu or click the new document button on the 
toolbar.  GV7 asks for the document type.  Choose GWVistas FE Document and click OK. 

 
You will then see the normal GV “Initialize Model Grid” dialog, as shown below. 

 
The buttons in the lower left are the main difference between the FE initialize dialog and the original one.  
In the lower left is a button called “Import”.  If you are starting from a Grid Specification File (GSF) then 
click that button and browse for the GSF file.  GSF files can be created from GMS, Visual MODFLOW, 
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AlgoMesh, or other programs.  The GSF simply defines the location of each node in the grid, along with 
the X and Y coordinates of the vertices of each node.  The GSF can contain the actual number of layers in 
the model or you can add and delete layers later.  The easiest approach is to design a one-layer GSF in 
AlgoMesh, import that into Vistas, and then add other layers that you need.  You can also specify the 
number of layers you want in the Initialize dialog shown above. 

When designing in AlgoMesh, you create the mesh using either triangles or voronoi polygons. 

 
The AlgoMesh manual and our tutorial show how to do this.  Once the mesh has been created you select 
File|Voronoi Mesh (or Triangular Mesh)|Export to MODFLOW-USG.  This creates the GSF file that 
Groundwater Vistas can import.  After importing into GV7, the model should look just like the one in 
AlgoMesh. 
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The drop-down list to the right of the “Import” button provides three options for creating simple 
unstructured grids.  The options are rectangular, triangular, and circular.  Choosing rectangular creates a 
mesh that is like a normal MODFLOW grid (see below).  While this is an option, you would be better off 
creating a normal MODFLOW model than using a FE model. 

 
Choosing triangular creates a similar grid that has been split in half to form triangles. 

 
The circular grid also uses triangles but arranges them in a circular pattern which could be used to evaluate 
an aquifer test. 
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Importing a Full MODFLOW-USG Dataset 
If in addition to the GSF file, you also have a full MODFLOW-USG dataset, use Model|MODFLOW-
USG|Import MODFLOW Dataset command.  Browse for the name file and the model will be imported.  
Note that if the number of nodes does not match the GSF file you imported, the model files will not be 
imported.  Also, note that the discretization information such as nodal connections, connection lengths, and 
connection areas will be recomputed by GV7.  Therefore, there may be slight differences in this 
information when GV7 writes out the dataset for MODFLOW-USG. 

Finishing the FE Design 
Adding boundary conditions, aquifer properties, analytic elements, creating MODFLOW input files, and 
running the model works exactly like a normal GV7 grid design for MODFLOW2000/2005/NWT/USG.  
One thing you might find confusing is searching for a particular node.  Node numbering is handled in 
AlgoMesh or whatever program created the model you are working on.  This numbering can appear a bit 
random.  To facilitate finding a particular node, use the View|Zoom to Node function.  Enter the node 
number and the degree of zooming ( > 1.0 zooms in on the node). 

 
GV7 then zooms to that particular node, placing it at the center of the display.  A red dot is also placed on 
the node.  This dot will disappear as soon as you do anything to alter the screen display.  It is just there to 
show clearly the location of the node.  Aloso, if the node you are looking for is in a different layer from the 
current layer, the current layer is changed to the one containing that node. 
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You will notice that some aspects take more time than in a normal MODFLOW grid.  Contouring, for 
example, requires substantial time after your first simulation and any time you modify the contour area or 
matrix size.  However, this only happens one time and then the information is saved with the model.  In an 
ordinary MODFLOW grid, GV7 uses bilinear interpolation of the four surrounding nodes when contouring 
or interpolating to calibration targets and observation wells.  In the FE models, GV uses triangulation using 
linear basis functions to perform the same types of calculations.  Performing the first triangulation is where 
the extra time comes in. 

You will also notice that the menus in GV7 FE are much smaller than in a normal grid.  This is because 
currently there is only one version of MODFLOW supported by FE, MODFLOW-USG.  The menus have 
been reduced to only those that are compatible with MODFLOW-USG.  In the future, when MODFLOW 6 
is released by USGS and supported by Groundwater Vistas, it will also be available in GV7 FE. 

The Cross-Section View 
The cross-section view is currently not supported in the FE grid type.  This will be added soon where you 
will drag a line to indicate the location and orientation of the cross-section. 

The Mesh Menu 
The Mesh menu is a substitute for the Grid menu in the normal version of GV7.  You can use this to edit 
the grid by moving vertices and adding/removing nodes.  We suggest you do not alter the grid, however, as 
this can cause numerical problems with running the model.  If you need to make changes to the grid, we 
suggest you go back to the original design program (e.g. AlgoMesh) and make alterations there. 

You can use the Edit|Mesh menu to edit the mesh.  This operation will take a bit of time in some cases 
because it creates new representations of cells and vertices to facilitate editing of the mesh.  Each cell or 
element has a specific number of vertices.   Vertices are shared among adjacent cells and cannot be moved 
or removed unless they are not part of any element.  When an element (node in USG terminology) is 
deleted, only the linkages are deleted, the nodes remain.  Unconnected nodes can be moved around the 
same as an analytic well. 

The Mesh|Edit Mesh menu activates the Mesh Style Information dialog.  The Mesh Style tab allows the 
user to define if and how elements and vertices are displayed.  The Nodes and Elements tabs allow the user 
to define if and how the node and element numbers are displayed. 

Nodes/vertices can be added to the model using Mesh/Insert/Node.  The Mesh/Insert /Node menu allows 
the user to insert a node by hitting the left mouse button at the location on the map where the node should 
be placed. 
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If a number of nodes/vertices are selected, they can be connected to create a new element/cell using 
Mesh/Insert/Element.  Keep in mind that if you add a node or element or delete a node or element, the same 
thing happens to each layer and the element and node numbers are changed.  Editing a mesh manually is 
time consuming and it is recommended that the user use a mesh generator. 

The Mesh/Generate Mesh menu will remove all elements and generate a new triangular mesh that uses all 
nodes.  There is no control on the process so it should be used with caution. 

The Mesh/Insert/Layer Below and Mesh/Insert/Layer Above add a layer to the mesh and activate the Insert 
Layer Options dialog that allows the user to define how the stratigraphy will change. 

The Mesh/Export GSF File menu exports a .gsf file representing the current mesh.  It includes all layers 
and the current top and bottom elevations defined in the model.  GSF files are used by mod-PATH3DU for 
particle tracking and PEST for kriging of pilot points. 

The Mesh/Delete/Current Layer menu will remove the current layer from the mesh. 

The Mesh/Delete/Node and Mesh/Delete/Element menus will delete all selected nodes and elements from 
all layers.  Remember that deleting an element only deletes the linkage and not the nodes unless they are 
selected as well. 

The Mesh/Delete/All Elements will remove all elements and leave all nodes.  This operation is performed 
automatically when the Mesh/Generate Mesh menu has been used. 

The Mesh/Use Large Nodes menu is used to increase the size of the nodes so they can be more easily 
manipulated. 

The Mesh/Use Polygon menu changes the way the mesh is displayed.  Typically the element boundaries are 
thicker when not using polygons; however, using polygons refreshes the screen faster 
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Processing Simulation Results 
 

Introduction 
GV offers a wide variety of analysis techniques and graphics for viewing the results of model simulations.  
These range from contours of various model output to velocity vector maps and charts.  Contours, velocity 
vector maps, and particle traces may be plotted in both plan view and cross-sectional view simultaneously.   
The following is a summary of the different plots that can be created with GV: 

• Head, Drawdown, Concentration, Flux contours 

•  Head, Drawdown, Concentration, Flux color floods 

•  Velocity Vectors 

•  Pathline and travel times from MODPATH/PATH3D 

•  Local Mass Balance Bar Charts 

•  Plot head, drawdown, concentration versus time 

•  Parameter Sensitivity Plots 

•  Head, Drawdown, Concentration, Flux Profiles along 

 a cross-section 

•  Calibration target scatter plots 

•  Calibration target hydrographs 

•  Calibration statistics for head, concentration, flux 

The following chapter describes the various plots, graphs, and analysis techniques available in GV to help 
you evaluate your model simulations. 

Map Overlays 
GV can display up to 10 digitized base maps and/or 1 bitmap.  The map provides you with a frame of 
reference as you design the model.  Digitized base maps may be in one of six formats, (1) GV format, (2) 
ModelCad format, (3) DXF format, (4) SURFER BLN (blanking file) format, (5) Shapefile format, and (6) 
Windows bitmap (*.bmp) format.  These map options are displayed on a dropdown menu after you select 
File|Map. 

The DXF file is a generic format supported by most CAD software packages (such as AutoCAD).  The 
SURFER BLN format is used by the popular SURFER contouring software to draw base maps.  The BLN 
format is limited to only one color for all map entities and you will be presented with a dialog to choose the 
color assigned to the BLN map you import.  The Chapter entitled Digitized Maps provides details regarding 
the GV map format, which is identical to the QuickFlow and ModelCad map formats. 

Shapefiles (*.shp) may be imported without attributes for Groundwater Vistas base maps.  Only line and 
polygon (arc) type shapefiles are supported for map overlays. (Note that shapefiles can be imported 
elsewhere in Vistas with attributes for analytic elements, boundary conditions, and properties).  After 
identifying the shapefile to import and the map file to create, GV prompts for the color.  All entities in the 
shapefile are assigned a common color.  Note that this option only displays the lines in the shapefile and 
does not do anything with the attribute database.  If you need to import shapefiles with attributes, use the 
AE, BCs, and Props menus for analytic elements, boundary conditions, and aquifer properties, respectively. 
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If you have already defined the real-world coordinates of the lower left corner of the model grid, then GV 
references the map to those coordinates.  Otherwise, GV assumes that the coordinate systems for the map 
and model are identical.  That is, the origin (x=0.0 and y=0.0) of both map and model coincide with the 
lower left corner of the model grid.  GV will check, however, to see if the map and model are completely 
separated (e.g., they do not overlap) when you import the map.  If the map and model do not overlap, GV 
will automatically offset the model grid such that the origin of the model is moved to the minimum X and 
Y coordinates on the map.  You may move the model grid further by selecting Grid|Offset.   

Notes on Bitmaps 
You may import a bitmap (e.g., scanned image) to overlay as a base map in GV.  You are limited to only 
one bitmap at a time.  You may remove the bitmap from display by selecting File/Map/Remove Bitmap. 

The bitmap must be in Windows Bitmap format.  A lot of images are in either TIFF or JPEG formats and 
these may be used but you will have to convert them to BMP format.  There are many programs available 
to do that.  A good shareware program is called LVIEW-Pro (www.lview.com). 

After selecting the bitmap to import, GV needs to know how the pixels in the image map to the real world 
coordinates in GV.  The following dialog is displayed: 

  
At the top, GV displays the number of pixels in height and width for the bitmap.  Below, you must enter the 
real-world coordinates of the lower left corner of the bitmap (Origin X and Origin Y).  You also need to 
enter the Height and Width of the bitmap in real-world units of length (e.g. feet or meters).  In many cases, 
you may have a TIFF world file (*.tfw) associated with the bitmap that you have now convert to BMP 
format.  If you simply rename the *.tfw file to *.bpw, then GV will automatically read that file and get the 
necessary real-world mapping from it. 

Notes on DXF Files 
After choosing DXF from the Map menu, a standard Windows file selection dialog will then be displayed 
where you select the file to import.  For DXF files, a second file dialog appears because the DXF file is 
translated into a GV map file.  The second dialog prompts for the name of the GV map file to be created.  
Once you import a DXF file, you do not need it again because GV will subsequently use the GV map that 
is created. 

After specifying the GV map file name that will be created, GV displays a dialog for the DXF 
multiplication factor.  This is a scaling factor used to modify the coordinates in the DXF file.  Sometimes, 
the DXF file will contain coordinates in inches.  You would then enter a multiplication factor of 0.08333 to 
convert inches to feet.  It is difficult to know in advance what coordinates are in the DXF file, so some 
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experimentation may be required.  After importing the DXF file, move the cursor around on the screen and 
check the coordinates of key points on the map.  Use these coordinates to determine distances.  If these 
distances are not correct, simply import the DXF map again and use a multiplier to change the scale of the 
DXF file. 

Another common problem with DXF files is that many drafters use “blocks” to define items on the map.  A 
block is a special entity used by AutoCAD (and other CAD systems, too) to group multiple entities (e.g., 
lines and circles) into one item.  GV does not properly interpret blocks.  If you see that GV has not 
imported all items on your DXF map, go back to the CAD software and perform a function called “explode 
all blocks”.  This breaks down the blocks into individual entities that can then be exported in the DXF file 
so that GV will recognize them 

Display Options for Maps 
Select Plot|Map Overlays to change the way base maps are displayed.  For each of the 10 maps, you can 
turn them on/off or delete them.  You can also change the line thickness of each map. 

 
When deleting maps, change their status above from Draw to Delete using the dropdown list to the right of 
the file name.  Then click OK.  Now save the GWV file (File|Save or File|Save As) and close the model.  
When you reopen the gwv file, the maps will be removed.  The map files still exist in the same location on 
your hard drive but the reference to them is no longer in the model. 

If you want to temporarily turn on or off all maps and bitmaps, use Plot|What to Display.  The top of that 
dialog has options for turning them on and off, as well as clipping the maps to the model grid. 

 

Importing Model Results 

MODFLOW and MT3D 
The first step in processing the results of a MODFLOW or MT3D simulation is to import the data from one 
or more output files into GV.  GV reads the results of model simulations in two ways.  The first method is 
to manually import the results by selecting Plot|Import Results for head, concentration, drawdown, and/or 
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cell-by-cell flow data.  You may select Plot|Import MODPATH to read the results of a particle-tracking 
simulation.  Both MODPATH and mod-PATH3DU results are read using the latter command.  The second 
method happens right after a simulation, when GV asks you whether you would like to process the results 
of the model run.  You may select Yes to read the results immediately or No to import the results later. 

Selecting Plot|Import Results displays a dialog where you provide the file names containing model output, 
the time step and stress period to import, and the format of the files.  Note that these files must be binary.  
While MODFLOW can be configured to write text output, they are not supported by GV.  This dialog is 
shown below: 

 
 You must first decide which time step, stress period, and transport time step (MT3D, MODFLOW-SURFACT, and 
MODFLOW-USG) to import.  Click the Browse button next to the time step and stress period fields to see what the 
choices are for heads, drawdowns, and cell-by-cell flows.  GV will then read the head-save file and determine how 
many different times were saved.  If the model is steady-state, the time step and stress period are always one for both 
values.  Click the browse button next to transport time step to see what time values were saved in the concentration file.  
These may be different than for heads.  The only restriction is that the stress period and flow time steps for heads and 
concentrations must be the same.  If you get an error that the time step or stress period is not found, then you probably 
tried to import a time step that was not saved to the binary files or the concentration time step is not from the same 
stress period and time step as the head data. 

Browse buttons are provided for both the head-save file and the concentration file.  Drawdown and cell-by-
cell flow files must have the same time steps as the head file.  For a transport simulation, the time step is 
different for concentrations than it is for flow unless you are running MODFLOW-SURFACT.  Make sure 
to specify whether the transport simulation was run using MT3D.  This is necessary because the format of 
concentration files is different for MT3D (compared to the other supported transport models). 
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 Below the time step and stress period fields are the file name fields.  Place a check mark next to each type of data to be 
imported.  The choices are head, drawdown, concentration, and cell-by-cell flow data.  You need to import cell-by-cell 
flow data if you want to perform mass balance analyses or plot velocity vectors. 

The file names listed on the dialog should be correct for your simulation; however, you may change them 
to import files from another run.  The number of rows, columns, and layers (or nodes for 
MODFLOW_USG) must match the current model design.  You must specify the full path to the various 
files.  If you are unsure of the file names, click the Browse button to use a File Open dialog to search for 
the file.  Click the OK button when you are done.  GV will read the files, compute all calibration targets, 
and contour the results in both plan and cross-section views. 

You will notice that you only enter the name of the cell-by-cell flow file for the LPF/BCF package on the 
import dialog (*.cbb).  GV uses the directory and root name from this file and appends file extensions for 
all other cell-by-cell flow files that MODFLOW creates.  If the file exists in the specified directory, that file 
is read and processed by GV.  In order to get an accurate mass balance summary in GV, you must create a 
cell-by-cell flow file for the LPF/BCF package and for all boundary condition packages, including wells.  
(Note: the well cell-by-cell file is not absolutely necessary as long as all wells in the model are simulated 
and no cells containing wells go dry during the simulation).  

When importing cell-by-cell flows, GV does not necessarily need a cell-by-cell flow file for recharge.  
However, for a large model, you may notice a delay between the reading of the results and the contouring 
of the information.  This is caused by GV assembling recharge rates internally.  If you notice a long wait 
before contouring happens, the best solution is to select Model|MODFLOW|Packages and place a non-
zero number in the 3rd column next to Recharge.   This tells MODFLOW to save cell-by-cell flow terms for 
the recharge package. 

Import of Cell-by-Cell Flow Data.  GV divides all flux terms by the cross-sectional area perpendicular to 
the orientation of the flux term.  For example, the flow terms in the Z (layer) direction are divided by the 
area of the cell.  This makes them analogous to a recharge term.   

Contouring Starting Heads.  MODFLOW does not save the starting heads (initial conditions) to the head-
save file so GV cannot contour them.  The Import Results dialog has been changed, however, so that you 
may import heads from the BASIC Package for contouring.  Simply substitute the BASIC Package file 
name for the Head-Save File name on the “head” line of the Import Results dialog. 

Water Table Contouring.  In a multi-layer water table simulation, the water table surface may span more 
than one layer.  For example, the water table may drop into layer 2 causing layer 1 cells to become dry.  
Normally, GV will contour the heads in one layer at a time.  There is an option on the Import Results 
dialog that will allow contouring the continuous water table surface.  Check the box labeled “Contour 
Water Table in Layer 1” prior to importing heads.  When you contour Layer 1, GV will use heads in lower 
layers if the upper layers are dry.  This will give you a continuous water table map when the water table 
spans more than one layer.  You should make sure, however, that the value assigned to dry cells is different 
than the head value assigned to no-flow cells.  You can change the dry cell head value by selecting 
Model|MODFLOW|Resaturation Data.  You set the no-flow value of head by selecting 
Model|MODFLOW|Basic Package. 

Interpolation of target and observation well data.  When this option is checked, GV uses bilinear 
interpolation to estimate a target or observation well value from the MODFLOW results.  This is done by 
default because the targets and observation wells are often not located at the center of a cell and are thus 
some combination of the four surrounding nodes.  You may uncheck this option to use the data computed 
by MODFLOW (or other model) without any modification.  In the latter case, GV just determines the cell 
containing the well and uses the value directly from the binary file.  There is also a subtle difference in how 
GV uses concentrations from MT3D.  When you choose to interpolate target and observation well data, GV 
uses concentration data from the binary concentration file (*.ucn).  If you do not interpolate target and 
observation well data, GV uses data directly from the observation well file created by MT3D (default is 
mt3d.obs). 
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Plot Pressure Head.  This option is most useful for MODFLOW-Surfact when simulating unsaturated 
flow.  MODFLOW-Surfact always writes total head to the binary head file.  If you want to contour pressure 
head (total head minus elevation of grid cell center), check this option when you import results. 

Double Precision Output.  There are options at the bottom of this dialog to allow importing double-
precision values.  These options should only be used if you have created a customized version of 
MODFLOW that writes a double-precision binary output file.  Or in some cases, you may get such a 
version from the USGS web site.  The versions of MODFLOW provided with GV, even if they are 
simulating in double-precision, still write single precision output. 

Switching Between Time Steps 
There are several options and hot-keys that make switching between time steps in a transient run much 
easier.  These include the following: 

Import Results (Plot|Import Results)  Ctrl+Shift+I 

Next Time Step (Plot|Next Time Step)  Ctrl+Shift+N 

Previous Time Step (Plot|Previous Time Step) Ctrl+Shift+P 

Jump to a Time Step (Plot|Jump to Time Step) Ctrl+Shift+J 

Selecting the next time step will bring in the next set of heads, drawdowns, and cell-by-cell flows from the 
MODFLOW run and/or the next set of concentrations.  For a transport run, there are normally multiple 
transport time steps for each flow time step.  In this case, GV will just get the next transport time step. 

Importing MODPATH Pathlines 
The Import MODPATH selection on the Plot menu reads the results of a MODPATH or mod-PATH3DU 
simulation.  A File Open dialog prompts for the name of the file to import.  Pathline files created by our 
versiosn of modpath have a *.ptl extension.  Enter the appropriate file name in the dialog and click OK.  
GV reads the results and displays the pathlines in both plan and section views.   

Importing PATH3D Pathlines 
The Plot|Other Imports|Import PATH3D option works just like the one for MODPATH listed above.  
The only difference is that Path3D creates a file called p3dplot.dat.  Find this file and click OK to process 
and display the particle traces. 

The Cross-Section View 
The cross-section view is displayed above the plan view on your screen.  In the current release of GV, it is 
only a view.  GV will not respond to mouse clicks in the cross-section view, although the coordinates of the 
cursor and any property or boundary condition data will be displayed on the status bar. 

You may expand or decrease the size of the cross-section view by sliding the border between the section 
and plan views up or down.  Slide the border to the toolbar to get rid of the section view entirely.  The 
vertical exaggeration of the cross-section automatically adapts to the size of the available window.  In 
addition, the section is always the same horizontal scale as the plan view. 

You may change the current section being displayed by clicking the + or - buttons next to row or column 
on the Reference Cube or by selecting Xsect|Select.  The cross-section view is also printed from the Xsect 
menu. 

There is also a tab at the bottom of the GV screen for display of the cross-section in its own window.  This 
tab view is a functional cross-section where some design functions can take place.  At this time, you may 
add titles to the tab cross-section view and you may add a vertical scale bar.  
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Vertical Exaggeration 
Normally GV will draw the cross-section to fill the available area.  If you would like to specify an exact 
vertical exaggeration, you may use this command.  Simply check the option to “Specify Vertical 
Exaggeration” and then enter the amount. 

 
 

Printing the Cross-Section 
There are three menu selections related to printing the current cross-section.  These include Print, Print 
Preview, and Page Setup.  The first two options are standard Windows menu items and will work the same 
as your other Windows applications.  The current cross-sectional view of the model can be printed to any 
printer, plotter, fax modem, or other device supported by Windows.  The only potential problem with 
printing is related to the rotated fonts used in contour labels.  Some Windows device drivers do not 
properly support rotated fonts.  It is very important to select Print Setup and choose the option to “Print 
TrueType as Graphics”.  Most Windows device drivers will support this option, which allows for proper 
font rotation.  If after selecting this option the contour labels are not properly rotated, you should call the 
manufacturer of your printer or other output device to get an updated Windows driver.  Many are also 
available on Compuserve. 

Choose Page Setup to control the scale of the plot on the output device.  You may specify the area that is 
printed (called the “Clip Window”) and the scale of the printout (called the “Map Scale”).  There are two 
options for the Clip Window, Display Window and Map Window.  The Display Window is the current 
cross-section view on your computer screen.  The Map Window is the entire finite-difference grid by 
default.  You may change the map view to a smaller or larger area by selecting Plot|Map|Window and 
dragging a rectangle on the plan view.  This rectangular window becomes the Map Window referred to on 
this dialog.   

The Map Scale may be one of three options.  You may force the next printout to fit on a full page (called 
“Scale to Page”).  You may use the same scale as the current section view on your computer screen (called 
“Window Scale”).  The final option is to specify the scale (called “Specify Scale”).  When choosing the 
latter option, you then enter the scale in model units (e.g. feet) per inch on the printout. 

At the bottom of the dialog, you may enter a vertical exaggeration for the cross-section.  The default case is 
to use the current exaggeration, but you may specify another value here. 

Exporting Cross-Section Data 
The Export feature provides you with a way to transfer GV cross-sectional graphics and data to other 
software packages.  Supported file formats include the following: 

 

SURFER (ASCII and binary grid files), 

DXF (*.dxf), 

Windows Metafiles (*.wmf), 

Spyglass (ASCII Special Files) (*.spy), 
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Geosoft (*.geo), 

GV supports both ASCII and binary SURFER grid files.  The grid files contain the matrix of head, 
concentration, or flux values currently contoured in plan view by GV for recontouring in SURFER.   

GV exports model graphics (contours, digitized map, etc.) to either a DXF file or a Windows Metafile.  
DXF is a generic format supported by most CAD software, including AutoCAD.  A Windows Metafile 
(.wmf) is a fairly generic format supported by most Windows programs.  Many of these applications, 
however, do not support the rotated text required for the contour labels. 

Other types of export formats include Spyglass ASCII Special format, Geosoft format, and XYZ format.  
Spyglass and Geosoft are commercial graphics programs that provide more sophisticated visualization 
capabilities than GV 

Contour Maps 
GV contours head, concentration, drawdown, flow in the X-, Y-, and Z- directions, velocity, and 4 user 
variables from the matrix calculator.  Contours are created in both plan and cross-section views.  As you 
change the current layer and section number using the reference cube, GV automatically computes and 
redraws the contours.  Only one variable (e.g., head, concentration, etc.) may be contoured at one time.  
The same variable is contoured in both map view and section view. 

By default, GV contours heads when you import a model run for the first time.  You may change the type 
of contours by selecting Plot|What to Display.  The following dialog is displayed: 
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This dialog controls not just contouring but velocity vectors, particle traces, color floods, and how the base 
maps are displayed.  A check mark next to any option means that the selected item will be displayed or the 
option is in effect.  You may overlay any or all of these graphics on the screen through these check boxes. 

The contour and color flood options also contain combo-boxes that have the following options (1) head, (2) 
drawdown, (3) concentration, (4) flow in the X-direction, (5) flow in the Y-direction, (6) flow in the Z-
direction, (7) velocity (Darcy flux divided by porosity), and (8) four user-defined variables.  You may 
contour one variable type and flood another using a combination of these options.  In addition to the seven 
predefined variables described above, you may also define four user variables.  These user variables are 
computed using matrix calculations (Plot|Matrix Calculator|…)   
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The Plot|Contour menu is used to modify how GV draws contours.  There are four options on the menu, 
including Window, Parameters (Plan), Parameters (Section), and Concentration.   

The contour window is the area contoured within the model grid.  By default this is the entire model 
domain.  You may resize the window to contour a subregion within the model.  Selecting Window will 
allow you to resize the contour area.  Move the mouse to one corner of the new contour window and press 
the left mouse button.  Hold the left button down, drag the cursor to the opposite corner of the window, and 
release the button.  A dialog will then be displayed to confirm the window coordinates.  Press OK to accept 
the new contour window or Cancel to keep the existing one.  This also resizes the section contour map to 
the same area as the plan view.   

Choosing Parameters (Plan) from the Contour menu displays a dialog that allows you to change the 
resolution of the contour matrix and the look of the contour map.  You may change the minimum contour 
level, the contour interval, the number of nodes in the contour matrix, and format of the labeling.  This 
dialog is shown below: 

 
The contour matrix is made up of a series of equally spaced points where head, drawdown, concentration, 
or flux is computed by GV.  GV uses a bilinear interpolation scheme to compute one of these variables 
(head, etc.) on the regular grid from the model grid.  You may choose the number of points in both the X 
and Y directions.  The upper limit is 1000 points in each direction.  Increasing the number of nodes 
increases the time required to contour and display the model results and makes the contours look smoother.   
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There are a number of parameters that control the drawing and labeling of contours.  These include color 
and thickness of lines, label precision (number of digits to the right of the decimal), label format (Fixed or 
Exponential), the distance between labels (in model units of length, e.g., feet), and the font.  You may also 
choose to label every so many contour levels. 

You also have the ability to customize the contour levels.  Click the option labeled “Use Custom Contour 
Levels” and then click the button called “Custom Levels”.  Enter the contour levels in a spreadsheet.  The 
number of levels you want to contour is entered in the field to the left of the custom levels button. 

The same parameters are available for the cross-section contour map.  These parameters are kept separate 
because you must usually space the contour labels closer in the cross-section and use a smaller font.  

Concentrations are often contoured on log cycles because these data usually span a very wide range that is 
not handled well by a fixed contour interval.  The concentration contour dialog has two fields.  The first is 
the starting log cycle.  This value should be an even power of 10.  The second field is the number of 
contours per log cycle. 

Color Floods 
In a color flood, GV fills each finite-difference cell with a color that is representative of the model 
dependent variable that has been computed for that cell.  The dependent variables include head, drawdown, 
concentration, and flow in the X-, Y-, and Z- directions as for contours.  You may color flood a different 
variable from the one that is being contoured.  Use the Plot|What to Display dialog to determine whether 
color flooding is being performed and to select the variable type to flood. 

GV scales the colors from blue for the lowest value in the model domain to red for the highest values.  You 
can change how the colors are mapped by selecting Plot|Color Flood|Color Flood Options.  GV maps 
blue to the minimum value you enter on the dialog and red to the highest.  You may also scale the colors 
logarithmically and you may display a color bar legend next to the model grid. 

The default settings in Groundwater Vistas display a color ramp from blue to red with blue being at the 
lowest value and red at the highest value.  Four color cycles are used including (1) blue to aqua, (2) aqua to 
green, (3) green to yellow, and (4) yellow to red.  Using Color Flood Setup, you may change the colors, 
number of cycles (4 is the maximum however), and even the specific parameter value assigned to the 
bounds on each cycle. 
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View Results in Spreadsheet 
Sometimes you may want to look at the actual computed results for heads, drawdowns, concentrations, etc.  
There is a new option under Plot|View Results in Matrix, which places the variable currently being 
contoured in a spreadsheet. 

 

Velocity Vectors 
Velocity vectors are simply arrows that are drawn in the direction of groundwater flow.  The length of the 
arrow is proportional to the velocity or to the logarithm of the velocity.  The following is an example of a 
vector map with contours: 
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In order to plot vectors, you must import cell-by-cell flow data for at least the BCF or LPF package.  
MODFLOW saves cell-by-cell values for the BCF Package when you place a nonzero number in the “cell-
by-cell flow unit no.” column on the MODFLOW Packages dialog.  The LPF Package is controlled on the 
MODFLOW2000 Package dialog.  If you create a new model in GV (as opposed to importing an existing 
one), GV automatically assigns a unit number of 50 to the cell-by-cell flow file for the LPF package.  GV 
also automatically tells MODFLOW to save this data. 

You may modify how vectors are drawn by selecting Plot|Vector Options.  A dialog is displayed which 
controls vectors in both plan and cross-section views.  The options include the minimum velocity to plot 
(default is zero), the maximum vector length in model length units (e.g., feet), an option to scale vectors 
logarithmically, and the color of upward and downward vectors.  The determination of whether a vector is 
upward or downward is based upon the flow direction of water at the top of the layer.  Thus, for the top 
layer, the direction is usually downward from recharge.  For other layers, the vertical direction of flow is 
determined based upon the head relationships between adjacent layers.  There is also a new option to color 
flood the vectors based on the velocity.  This can make it easier to distinguish between high and low 
velocity when using log-scaled vectors. 

Particle Traces 
Particle traces are computed using either MODPATH or PATH3D.  Both the steady-state and transient 
versions of MODPATH are supported by GV.  The Import MODPATH option on the Plot menu reads the 
results of a MODPATH simulation.  A File Open dialog prompts for the name of the file to import.  The 
MODPATH version distributed with GV creates a file called root.ptl, where root is the MODPATH root 
file name (see Model/MODPATH/Packages).  Enter the appropriate file name in the dialog and click OK.  
GV reads the results and displays the pathlines in both plan and section views. 

The Import PATH3D option works just like the one for MODPATH listed above.  The only difference is 
that Path3D creates a file called p3dplot.dat.  Find this file and click OK to process and display the particle 
traces. 
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GV reads the pathline data and displays the traces in both plan and section views.  By default neither travel 
times nor arrow heads are plotted on the traces; however, you may select Plot|Particles|Options to change 
these options.  The dailog contains three tabs, including Arrows, Time Posting, and Options.   

The Arrows tab controls the appearance of arrowheads on particle traces.  A dialog prompts for three 
values, the distance between arrows, the size of each arrow-head, and a check-box which determines 
whether the arrows are displayed.  The size of arrows and distance between successive arrows are entered 
in model units of length (e.g., feet). 

The Time Posting tab controls the appearance of time values posted along particle traces.  The dialog asks 
for several data values, including the time interval between successive postings, the precision (decimal 
digits) of the posting, a time multiplier value, the font to use for the posting, and a check-box which 
determines whether postings are displayed.  The multiplier is used to change the time units of the posting.  
For example, to convert model units of days to years for the posting, multiply by 1/365 or 0.00274. 

The Options tab controls the way in which particles are displayed.  A dialog is displayed prompting for the 
maximum tracking time.  The maximum travel time determines how much of the particle trace is displayed.  
This allows you to truncate particle traces from a MODPATH or Path3D run.  For example, to compute the 
10 year travel time around a production well, set this value to 3650 days (if your model time units are 
days).  Note that in a steady-state model MODPATH will track the particle until it leaves the model.  In a 
transient model, MODPATH will only track the particle for the length of the transient simulation. 

There are numerous options that control which particles are displayed and how the color of each trace is 
determined.  The option to “Display in Current Slice Only” will only display the parts of each trace that are 
within the current layer and section.  The option to “Display Particles only if they originate in the current 
slice” will display those traces that have their starting location in the current layer or section.  The last 
option on the default tab will only display those particles that originate in a particular cell that you specify.  
You enter the row, column, and layer and only those particles that start in that cell will be displayed.  If you 
enter a zero for layer number, GV will display all traces that start at that row and column location but in 
any layer. 

There are three options for the color of each trace.  The default condition is that each particle will be 
displayed using one color (red by default).  This color is selected under Plot/Map/Colors.  You can also 
choose to display the particles using a different color for each layer.  The final color option displays the 
particle in the color of the boundary condition that captures the particle.  So, for example, if constant heads 
are blue and wells are red, then any particle that exits through a constant head will be blue.  Any particle 
that is captured by a well will be red. 
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Mass Balance Analysis 
GV provides several different types of mass balance analysis techniques for the entire model, a single layer, 
or for a subregion of the model (either a window or irregular polygon).  In the current release, only flow 
mass balances are supported.  Contaminant mass balance is currently not supported because MT3D does 
not save a comparable cell-by-cell flow file. 

Required Data Files 
Mass balance is a method of looking at the amount of water that enters or leaves the model plus any change 
in storage within the model.  Adding these three major components together should yield zero.  However, 
there will always be some error and hopefully it is small.  If you import all of the components of the cell-
by-cell flow terms computed by MODFLOW, GV will compute the error for the whole model, for a single 
layer, or for a window.  In order to save all of the necessary cell-by-cell flow data, you must place a 
nonzero number in the “cell-by-cell flow unit no.” field of the Packages dialogs for all of the following 
packages: 

BCF/LPF  *.cbb 

River   *.crv 

Drain   *.cbd 

GHB   *.cbg 

Well   *.cbw 

Recharge  *.crc 

ET   *.cbe 

Stream or SFR  *.cs1 or *.cst 

FWL4   *.cfw 

Lake   *.cbl 

MNW Well  *.cmw 

UZF Package  *.cbz 

FWL5   *.cw5 

You must always create the cell-by-cell flow file for the BCF or LPF Package and any other boundary 
conditions that are in your model.  You only specify the cell-by-cell flow file for the BCF/LPF package on 
the Import Results dialog; however, GV looks for the other files in the same directory as the BCF cell-by-
cell file and uses the default extensions for the file names as shown above. 

Displaying Mass Balance Data 
Selecting Mass Balance from the Plot menu displays a dropdown menu with several options, Window, 
Layer Summary, Model Summary, BC Flow Accretion Curve, Boundary Reach, Digitize, 
Hydrostratigraphic Units, and Graph Setup.  The first three options summarize the flow of water into 
and out of an arbitrary window, the entire model, or the current layer, respectively.  The boundary reach 
option adds the flows to every boundary condition with a specified reach number and can also generate a 
report for all boundary reaches in the model.  The resulting dialog displays the total flow broken down by 
boundary type.  The “BC Flow Accretion curve” plots a graph of boundary inflow/outflow versus distance.  
This option will only be meaningful if all boundary conditions in the reach to be plotted have unique 
elevations.  GV will sort the cells by head and plot them in order from upgradient end to downgradient end.  
The digitize option allows you to digitize a polygon region where flow data will be summarized.  You may 
even save the digitized region to a file for later processing.  The Hydrostratigraphic Unit (HSU) option will 
summarize the inflows and outflows for the current HSU (see Plot/HSU Options to set current HSU 
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number) or can create a report for all HSUs.  The last option is used to configure the bar chart that may be 
plotted when summarizing the mass balance in one of the first three options. 

After choosing Window from the Mass Balance menu, move the cursor to one corner of the area you are 
interested in.  Click and hold the left mouse button, move the cursor to the opposite corner of the 
rectangular area and release the mouse button.  You will then see a dialog to confirm the coordinates you 
just entered.  Click OK and another dialog is displayed to show the mass balance summary.  An example is 
shown below: 

 
The Model and Layer summary options will display the same dialog with the mass balance summary.  The 
units on all mass balance numbers are L3/T (e.g., ft3/d). This summary should match the one printed in the 
MODFLOW output file.  

These numbers may not match the mass balance summary in MODFLOW because the MODFLOW mass 
balance numbers in the first column of the MODFLOW output file have been multiplied by the time step 
size.  Thus, the MODFLOW cumulative mass balance numbers are in units of L3.  (NOTE: the right side of 
the MODFLOW output file for mass balance should match the GV numbers; only the left side of the 
printout in MODFLOW has been multiplied by time step size). 

Even the MODFLOW mass balance numbers from the right side of the listing file for a particular time step 
might not match the numbers displayed by GV.  There are several reasons for this.  The first relates to 
constant heads.  MODFLOW treats the inflows and outflows from constant heads differently from any 
other boundary type.  In most boundary types, MODFLOW will compute a net flux for the entire cell.  For 
constant heads, MODFLOW computes a separate inflow/outflow for each face of the cell (6 total).  If some 
faces are inflows and some are outflows, these will be separated on the mass balance displayed by 
MODFLOW in the text output file.  GV, on the other hand, obtains the constant head fluxes from the cell-
by-cell flow file written by MODFLOW and this file only has a net flux for each cell. 

The second area where MODFLOW and Vistas may differ is when there are multiple boundary conditions 
of the same type in the same cell.  GV will normally not allow you to create such a situation.  However, if 
you import a model created outside of GV and that model has overlapping boundary conditions, then they 
will all be imported to the model and can result in a discrepancy in the mass balance.  This happens in a 
similar manner to the constant head problem discussed in the preceding paragraph.  If some of the 
boundary conditions in a cell are inflow and some are outflow, MODFLOW will separate them in the 
output file.  The cell-by-cell flow file, on the other hand, will only contain a net flux for each cell and that 
value is reported by GV. 
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Mass balance data for individual boundary conditions is available as you move the mouse on the screen.  
Moving the mouse over a boundary cell displays the flux into (+) or out of (-) the model at that cell 
location.  The flux value is displayed on the status bar as “F=” with units of L3/T.  You must be in 
boundary condition mode, however, for these flux values to be displayed.  Note that for stream BCs, you 
will also see a “Flow=” value, which is the surface flow in that cell (also in L3/T). 

The mass balance summary dialog contains buttons labeled Graph and Export.  The export button prompts 
for a file name where GV will write the data used to create the mass balance summary.  This file is an 
ASCII comma-delimited file that can be imported to just about any spreadsheet program (like Excel).  
Click the Graph button to display a bar graph of inflows (positive numbers) and outflows (negative 
numbers).  An example is shown below: 

 

 
Choosing Graph Setup from the dropdown menu displays a dialog with options for displaying the mass 
balance summary bar chart.  These options include: 

 Display only nonzero flux values 
 Minimum flux on Y-Axis 
 Maximum flux on Y-Axis 
 Distance between Y-Axis labels 
 Number of decimals in Y-axis labels 

When you choose the option to display only non-zero flux values, GV will only display bars for boundary 
conditions or faces of the cube (or model or layer) that have non-zero fluxes.  This limits the amount of 
information on the chart and makes it easier to compare the differences between flux values. 

Digitize Feature 
GV has a powerful digitize feature for analyzing mass balance information.  The Digitize option allows you 
to digitize a polygon with the mouse.  GV then provides you with a mass balance summary for this 
irregular region.  There are several digitize options for mass balance: (1) New Polygon, (2) Last Polygon, 
(3) Export Polygon, (4) Import Polygon, and (5) Display Polygon.  After selecting New Polygon, you 
digitize the polygon by moving the mouse and clicking the left mouse button.  The right mouse button 
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deletes the last point digitized.  Double-click the left mouse button to end digitizing and close the polygon.  
GV will then shade each cell within the polygon.  GV decides that a cell is within the polygon if the center 
of the cell lies within the digitized region.  Last Polygon uses the last polygon you digitized in this GV 
session (NOTE: polygons are not automatically saved when you exit GV).  You may import and export the 
last polygon you digitized.  The final option is a check menu item.  When checked, the Display Polygon 
option keeps the mass balance polygon shaded.  This will also print to any Windows output device. 

Mass Balance Over Time 
GV has the ability to create a hydrograph that shows mass balance over time in a transient model.  This is 
accomplished by selecting the Plot|Hydrograph|Mass Balance menu.  An example mass balance 
hydrograph is shown below: 

 
This graph can be plotted as long as heads and cell-by-cell flows are saved using the same frequency (e.g. 
every time step or every other time step, etc.).  Note also that reading all of the mass balance information 
for a large model with many time steps can take a while so be patient. 

HSU Zones - Emulating Zone Budget Program 
The USGS has a program called Zone Budget that evaluates the mass balance of a model by dividing it into 
zones and looking at the interchange of water between the zones.  While GV does not support Zone Budget 
directly, we have now added a feature that is like Zone Budget.  This new feature writes a report based on 
water balance among different hydrostratigraphic units or HSUs (see Concepts chapter on 
hydrostratigraphic units). 

The first step is to divide up the aquifer into different HSUs.  This is done on the Props menu by first 
selecting Props|Hydrostratigraphy.  Then define different HSU zones.  After running your model, select 
Plot|Mass Balance|Hydrostratigraphic Units|Export HSU Summary.  You then provide a file name.  
GV exports the report as a comma-delimited file that you can import to Excel or other spreadsheet.  The 
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following is an example for a model with 3 HSUs.  The report summarizes the inflows and outflows 
through boundary conditions in each HSU and also the amount of water exchanged between each zone. 

 
Summary of HSU Zone Number 1  
Flows Within HSU  Inflow  Outflow 
Constant Head 0 46300 
River 0 0 
Drain 0 0 
GHB 0 0 
Well 0 70000 
Stream 0 0 
Lake 0 0 
Recharge 95542 0 
ET 0 0 
Storage 0 0 
   
Flows Between HSUs   
HSU Number Inflow Outflow 
HSU Zone 2 30829 14643 
HSU Zone 3 15749 11166 
   
TOTAL FLOWS 142120 142109 
Error 0  
   
   
Summary of HSU Zone Number 2  
Flows Within HSU  Inflow  Outflow 
Constant Head 0 0 
River 0 0 
Drain 0 0 
GHB 0 0 
Well 0 0 
Stream 0 0 
Lake 0 0 
Recharge 20764 0 
ET 0 0 
Storage 0 0 
   
Flows Between HSUs   
HSU Number Inflow Outflow 
HSU Zone 1 14643 30829 
HSU Zone 3 0 4583 
   
TOTAL FLOWS 35406 35412 
Error 0  
   
   
Summary of HSU Zone Number 3  
Flows Within HSU  Inflow  Outflow 
Constant Head 0 0 
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River 0 0 
Drain 0 0 
GHB 0 0 
Well 0 0 
Stream 0 0 
Lake 0 0 
Recharge 0 0 
ET 0 0 
Storage 0 0 
   
Flows Between HSUs   
HSU Number Inflow Outflow 
HSU Zone 1 11166 15749 
HSU Zone 2 4583 0 
   
TOTAL FLOWS 15749 15749 
Error 0  
   

Many of the mass balance functions in GV operate on the current HSU zone.  This is set using Props|HSU 
Options. 

Hydrographs 
Hydrographs are plots of a model dependent variable with time on an arithmetic graph.  Hydrographs may 
be plotted for head, drawdown, and/or concentration at either calibration target locations or for monitoring 
wells.   

Monitoring wells are added to the model by selecting Add|Well from the main menu.  After selecting Well 

or choosing on the toolbar, move the cursor to the new well location and click the left mouse button or 
press Enter.  A dialog will be displayed to enter the well characteristics.  Click the box labeled “Monitor 
head/concentration vs. Time”.  If the well is used strictly for monitoring, make sure that the flow rate is set 
to zero.  Wells that span more than one layer will have one curve for each layer. 

You may plot hydrographs for observation wells or for calibration targets by selecting 
Plot|Hydrographs|Target or Plot|Hydrographs|Monitoring Well, respectively.  In each case a dialog is 
displayed with a list of available targets or monitoring wells.  Click on the well you would like to plot and a 
graph is displayed.  For monitoring wells, you must also select the variable to plot.  You may plot head, 
drawdown, or concentration. 

You also may set plot options for each plot type (Target or Monitoring Well) by selecting 
Plot|Hydrographs|Plot Options.  A dialog is displayed with options for the Time (X) axis and the Model 
Value (Y) axis.  The options include the minimum and maximum values to plot, the distance between axis 
labels, and the number of decimal places in the axis labels. 

Hydrograph data are read from the model output files when these files are imported, as discussed in the first 
section of this chapter.  If you add targets or monitoring wells after importing the results of a simulation, 
you must import the results again so that GV records the information.   

Hydrograph data generally comes from either the head, drawdown, or concentration files.  GV plots data 
for each time step found in these files.  If only a few time steps were saved, the plots may not look very 
smooth.  You may fix this by saving more time steps.  The exception to this is MT3D, which also saves 
concentration in an observation file (called *.OBS).  GV reads this file directly to get concentration 
hydrograph data if you uncheck the “Interpolate Target and Observation Data” option on Plot/Import 
Results dialog after the run. 
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Profiles 
Profiles are graphs of a model variable versus distance along a cross-section.  The model variables may be 
head, drawdown, concentration, flow in the X-direction (Qx), flow in the Y-direction (Qy), or flow in the 
Z-direction (Qz).  To plot a head profile for the current cross-section (the one that is displayed above the 
plan view on your screen), select Plot|Profiles|Head.  Similar menu choices are available for the other 
variables.  The following is an example head profile: 

 
Note in the example above that the curves drop to the X-axis at the right side of the graph.  This is where 
no-flow cells are located.  Since MODFLOW does not compute a real head value for no-flow or dry cells, 
Vistas simply drops the profile to the minimum real head value along that profile. 

A final selection on the Profiles menu is Plot Options.  A dialog is displayed with options for the Distance 
(X) axis and the Model Value (Y) axis.  The options include the minimum and maximum values to plot, the 
distance between axis labels, and the number of decimal places in the axis labels. 

Charts in Groundwater Vistas 
When you create a graph, you will notice several tabs at the bottom of the graph.  The default tab displays 
the graph itself.  The other tabs are spreadsheets that show the data for each curve on the graph, as shown in 
this example: 
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In the example above, the tab labeled “Layer 1”, contains the distance and head data for the curve 
representing heads in layer 1. 

Right-click on the graph to change the appearance of the graph (properties), copy data to the clipboard, 
export data to a comma-delimited file or to a Windows metafile, or print the graph.  Data that are copied to 
the clipboard can be pasted into spreadsheets such as Excel.   

Choosing “Properties” from the context menu (after right-clicking the graph) displays another menu 
containing options for the graph, X-axis, Y-axis, line types, and line styles.  These options can be used to 
change fonts, colors, line styles, etc. 

Dry, Flooded, and Pinchout Cells 
Dry cells are those where the water level is below the layer bottom or where MODFLOW has flagged the 
cell as dry by writing the dry cell head (see Model|MODFLOW|Package Options – Resaturation tab for dry 
cell head value) to the head-save file.  By default plotting of dry cells is on and the color is purple. 

Flooded cells are those where the water level is higher than the top of layer 1.  The default color is light 
blue. 

Pinchout cells are those in MODFLOW-USG where the layer thickness is less than a threshold amount 
(default is 0.1).  The default color is pink. 

Dry and flooded cells can be turned off on the Plot|What to Display dialog.  Flooded cells can also have a 
threshold value.  For example, if that value is 10.0 then only cells with heads more than 10 ft above the top 
of layer 1 would be shaded in the flooded color.   

Pinchout cells are always displayed if the model is MODFLOW-USG and the pinchout option is activated 
in Model|MODFLOW-USG|Options and the option to draw them is on when selecting Plot|Dry, Flooded 
cells, Pinchouts. 

The colors for dry, flooded, and pinchout cells is found by selecting Plot|Dry, Flooded cells, Pinchouts. 
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Plot Options for Analytic Elements and Maps 
The Plot|Map and AE Options menu selection contains several submenu items, Window, Parameters, 
Color Change in Maps, Well Options, and AE Colors.  The Parameters menu selection displays a dialog 
that prompts for the size of symbols used to represent wells, the width of line boundaries, and the cursor 
step size.  All of these values are measured in terms of model length units (e.g. feet).  The cursor step size 
is the distance the cursor moves when you press one of the arrow keys. 

The Window option allows you to change the size and location of the map window.  The map window is by 
default the full finite-difference model grid.  This is the region that is displayed when you choose 
View|Full|Screen.  It is also the area printed when you choose "Map Window" on the Page Setup dialog.  
Selecting Options|Map|Window allows you to drag a rectangle on the screen to define the new map 
window. 

Color Change in Maps allows you to change all map items of a given color to another color.  Please note, 
however, that this permanently changes the digitized map file.  You may want to make a backup copy of 
your map file before changing colors. 

 
Well Options provides an easy way to turn on display of all well names and allows you to quickly reset the 
font.  You may also change the size of a symbol used to draw the analytic wells.  The dropdown list in the 
center of the dialog allows you to turn all well names on or off.  There are two check-boxes to reset the font 
on all well names and also to reset the dX and dY parameters of those names.  If you are having trouble 
displaying well names, try resetting dX and dY so that the well names display correctly. 
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Similar options for drawing calibration targets are described in the next chapter and are found under 
Plot|Calibration|Options. 

The Default AE Colors menu selection displays a dialog to change the color of the following items: 

• Wells 

• Line Boundaries 

• Circle Boundaries 

• Particle traces 

• Targets 

• Titles 

• Scale bar 

Next to each item is an option field containing sixteen different colors.  Click on the field and choose from 
the list of available colors.  Choose OK on the dialog to accept the new colors or Cancel to keep the current 
ones.  If Automatic Refresh is selected, the new colors will be displayed immediately.  Otherwise, you must 
select Refresh from the View menu to see the new colors.  Note that you may also change the color of 
individual AE items by double-clicking the element (e.g. target) and clicking the color button there. 

Legends 
GV now plots legends anywhere within your model.  The various options for plotting legends are accessed 
on the Plot menu.  The procedure to follow in specifying legends is to first define where the legend will be 
plotted.  You do this by selecting Plot|Legend|Window and drag a rectangular window over the area where 
the legend will be plotted.  You may also enter the coordinates of the legend window directly by selecting 
Plot|Legend|Options and clicking on the Position tab (the coordinates are in model coordinates).   

The default position is the right edge of the model.  You may reposition it anywhere within the model.  The 
legend window whites out anything behind it except text elements (e.g., Add|Text), the north arrow, and 
the scale bar.  

 

 

Legends may contain a number of descriptive items, including the following: 

Boundary conditions (only those active in the current layer are plotted), 

Dry cells, 

Analytic elements (wells and targets), 
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Property Zones (either with a color bar or individual zones), 

Color Flood legend (if results are being displayed using color floods). 

The legend also contains a title which is specified by selecting Plot|Legend|Options and clicking on the 
Title and Fonts tab.  The default title is (as you might expect) Legend.  There are two fonts used in the 
legend, one for the title and one for the rest of the text.  Both are selected on this dialog.  You may also 
override the title of the color bar and enter a new title.  This is useful when you have imported a file using 
Plot|Import Results for head but that file really contains something else.  GV would title the color bar (if 
you were using color floods) as head but you would want to use a different title. 

 
The following is the dialog displayed when you select Plot|Legend|Options and clicking on the Contents 
tab.  The legend cell size is the size of an example model cell (square cell) plotted on the legend.  The size 
is specified using model length units (e.g., feet).  The legend orientation is either East-West or North-South. 
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The Velocity Vector, Particle Trace, and Contours options above will draw representative vectors, particle 
traces, or contours.  Labeling of these features is controlled on the Results tab, as described below. 

 

There are additional options for plotting property zones on the legend.  These options are selected using 
Plot|Legend|Options and clicking on the Property Zone tab.  The Zone Options dialog is shown below. 
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There are two presentation styles, (1) Individual Cells, and (2) Color Scale.  Choosing Individual Cells 
displays all zones in the current layer as individual cells in the legend. This works well as long as the 
number of zones is relatively small.  For large numbers of zones, you might try the Color Scale option.  
The last option on the dialog is labeled Database Parameter No. to Display.  All property databases contain 
up to 3 parameters.  For example, the hydraulic conductivity database contains Kx, Ky, and Kz.  You may 
plot a legend for any of these 3 parameters. 

The legend can be further customized on the Results tab, as shown below.  These are primarily labels that 
can be customized for items posted to the legend. 
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Similarly, the Names tab contains names of boundary conditions and some analytic elements.  For 
example, if you prefer the word “Observation” instead of Target, you can change that here. 
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There will undoubtedly be times when you want to customize the legend in Vistas.  If the options provided 
do not meet your needs, you can create a legend in other software, export the legend as a bitmap, and then 
display that legend using frames in GV.  To add a frame, use AE|Frame and then drag a rectangle on the 
screen where your legend will go.  A property sheet is displayed.  Click on the Contents tab and change the 
fill type to bitmap.  Then click the browse button to find the bitmap you created. 
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Printing Graphics 

Plan View 
GV will print to any device supported by Windows.  Printing the plan view maps is controled by selecting 
one of four options on the File menu.  These include Print, Print Preview, Print Setup, and Page Setup.  
The first three options are standard Windows menu items and will work the same as your other Windows 
applications.  The current view of the model can be printed to any printer, plotter, fax modem, or other 
device supported by Windows.   

Choose Page Setup to control the scale of the plot on the output device and to add an optional header 
and/or footer with plot border.  The Page Setup sheet contains several tabs.  The first tab is called “Layout” 
and contains options for margin widths and options for the header, footer, and plot border.  The Display 
Border option draws a rectangular line around the plot.  Select Footer Line to place a title and logo at the 
bottom of the plot or select Header Line to put the title and logo at the top of the page.  When turning on 
the footer or header line, you must also change None to Default next to header or footer in the center of the 
dialog. 



Groundwater Vistas Version 7 Page 317 

 
Click the Maps tab to control the scale of the plot.  You may specify the area that is printed (called the 
“Clip Window”) and the scale of the printout (called the “Map Scale”).  There are two options for the Clip 
Window, Display Window and Map Window.  The Display Window is the current plan view on your 
computer screen.  The Map Window is the entire finite-difference grid by default.  You may change the 
map view to a smaller or larger area by selecting Plot|Map|Window and dragging a rectangle on the 
screen.  This rectangular window becomes the Map Window referred to on this dialog.   

The Map Scale may be one of three options.  You may force the next printout to fit on a full page (called 
“Scale to Page”).  You may use the same scale as the current plan view on your computer screen (called 
“Window Scale”).  The final option is to specify the scale (called “Specify Scale”).  When choosing the 
latter option, you then enter the scale in model units (e.g. feet) per inch on the printout. 
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The Default Header/Footer tab allows you to add lines of text in the default header or footer.  Each line of 
text also has its own font.  You may also add a bitmap (a logo for example) by clicking the browse button 
and finding the bitmap file. 
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Cross-Section View 
The section view is printed from the Xsect  menu.  There are three menu selections related to printing the 
current cross-section.  These include Print, Print Preview, and Page Setup.  The first two options are 
standard Windows menu items and will work the same as your other Windows applications.  The current 
cross-sectional view of the model can be printed to any printer, plotter, fax modem, or other device 
supported by Windows.  Page Setup options for the section view work the same as for plan view, discussed 
above. 

Matrix Calculator 
The Matrix Calculator gives you the flexibility to compute and display your own variables which are 
mathematical functions of model results and/or parameters.  For example, you can create a user-defined 
variable called transmissivity to contour transmissivity in the model.  You may select Plot|Matrix 
Calculator|Variable Names to give the matrix a logical name.  In this example, you would type 
transmissivity for user variable 1 as shown below. 

 
You would next define how the transmissivity is computed.  There are two types of calculations.  The first 
is a true three-dimensional calculation.  Use the 3D matrix computation if all cells in every layer are treated 
the same way.  In this example, you would select Plot|Matrix Calculator|Compute (3D) and enter the 
calculation data for user variable 1 as shown below: 
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To activate an equation, simply place a check to the left of the definition for that equation.  In this example, 
we are making only one calculation.  You then select the variables to use in the calculation and how they 
are combined (add, subtract, multiply, divide, or square root).  If you use a constant, you would enter this 
below the word constant in the equation.  The equations are processed when you click OK on this dialog.  
The equations are also processed in the order they appear on the dialog.   

The two-dimensional calculation works the same way but you also assign layer numbers to each variable in 
the equation.  The 2D matrix math would be useful for computing the head difference between two layers, 
for example. 

Once a user-defined variable has been computed, you can contour and color flood the data just like heads or 
drawdown from a MODFLOW simulation.  Select Plot|What to Display.  The combo box next to contour 
and color flood will contain the user variable names. 

You can also export the user variables to head-save files for later use.  Select Plot|Matrix 
Calculator|Export and specify the variable name and file name to contain the data as shown below.  There 
are two file types supported by GV, head-save (*.hds) and text matrix (*.dat). 
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These can also be imported back into GV by selecting Plot|Matrix Calculator|Import.  The same type of 
dialog is displayed.  Just tell GV what variable will contain the imported data and the file name. 

Exporting Data 
Data and graphics related to model results are exported from GV primarily from the File menu, although 
some dialogs (such as the Mass Balance dialog) offer their own data export options.  The Export feature on 
the File menu provides you with a way to transfer GV graphics and data to other software packages.  
Supported file formats include the following: 

SURFER (ASCII and binary grid files, XYLINE files, and Posting files), 

DXF (*.dxf), 

Windows Metafiles (*.wmf) and Bitmap (*.bmp), 

Text XYZ (*.dat), 

Observation Well Data (*.dat) 

Target data (*.dat) 

GIS shapefile (*.shp) 

Spatial Analyst ASCII Raster 

Multi-layer Observation Data file  

Matrix of model results 

Particle coordinates 

BC Well Concentrations 

Fracture Well Flows 

EVS field file  

EVS UCD file 

Summary Statistics 

 

GV supports both ASCII and binary SURFER grid files.  The grid files contain the matrix of head, 
concentration, or flux values currently contoured in plan view by GV for recontouring in SURFER.  GV 
can also export the digitized map file as a SURFER XYLINE file.  Text values (time postings, map titles, 
etc.) are exported to SURFER Posting files.  You may also export SURFER grid files for the cross-section 
view by selecting Xsect|Export. 

GV exports the contents of the plan view display to either a DXF file or a Windows Metafile.  DXF is a 
generic format supported by most CAD software, including AutoCAD.  A Windows Metafile (.wmf) is a 
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fairly generic format supported by most Windows programs.  Many of these applications, however, do not 
support the rotated text required for the contour labels.  If you just want a bitmap image of your screen, use 
Edit/Copy View to Clipboard.  You can then go into almost any program (e.g. Microsoft Word) and paste 
the image into your document. 

A Windows Metafile (.wmf) is a fairly generic format supported by most Windows programs.  The 
metafile retains the proper text font and colors in your plot.  The metafile contains everything displayed on 
your screen.  In Microsoft Word Version 7.0, however, you may need to insert a frame around the graphic 
after importing into Word. 

The XYZ format is a simple DOS text file that lists each head, concentration, drawdown, flux, or velocity 
computed by GV and its X and Y locations.  One data point is listed on each line of the file.  After clicking 
OK on the file save dialog, you will be presented with another dialog to specify the options for XYZ 
export.  These include (1) data type (head, drawdown, concentration, flux in the x-, y-, and z-directions, 
and horizontal velocities), (2) dimensions (3D or 2D), and (3) data format (X, Y, Z or Row, Column, 
Layer).  In order to export these data, you must first import them from the previous model run.   

The shapefile is a very useful format for transferring information to other models or for display and 
processing of model results in GIS.  After choosing a file name, a dialog is displayed with additional 
options: 

 
The result type can be contours, particle traces, velocity vectors, nodal data, cell data, and endpoint 
analysis.  The contours option simply exports the contours you see on your screen without labels.  Likewise 
particle traces and velocity vectors are exported as they appear on your screen.  One additional option is to 
export particle traces as individual lines.  The latter is necessary if you want to display the traces in GIS 
according to travel time or layer or other criteria.  When choosing nodal or cell data, you can also choose 
the data type (head, drawdown, concentration etc).  Nodal data are exported as a series of points (cell 
centers) for the current layer.  Cell data are exported as polygons (rectangles) for the current layer. 

Animations 
In a transient simulation or a particle tracking simulation, Groundwater Vistas can animate the contours, 
color floods, and or particle movement to a series of bitmaps.  The bitmaps are named by adding a 
sequence number to the root name entered on the dialog shown below.  The first time step saved to the 
binary output files in MODFLOW and/or MT3D is sequence number 1.  GV will automatically read the 
next time step, display the results, and capture the screen to a bitmap file.  This will continue until the end 
of the simulation is encountered.  For particle traces, the sequence of pictures will be based on the time 
interval between arrows under Plot|Particles|Options. 
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In some cases, Windows will not be able to keep up with the redrawing of the model and capture of the 
screen image.  If you display the animation and it appears to stop changing after a certain point, select 
Plot|Import Results, import the time step where the image stopped changing.  Then repeat the animation 
export and check the option above called “Start Animation from Current Time Step”. 

If you are having problems getting this feature to work, try using View|Auto Save Bitmaps.  Then import 
the first time step.  Now use Plot|Next Time Step to move to each consecutive time step.  Each time Vistas 
imports and redraws the screen, a new bitmap will be created.  You can then use the bmp2avi program from 
the command line to stitch these files together into a movie.   

File Operations 
GV provides a convenient way to view what is contained in a binary file output file from MODFLOW (all 
versions) and MT3D.  You select Plot|File Operations|View Contents and the following dialog is displayed. 

 
Select the file name and type at the bottom of the dialog and then click the View button.  GV will scan 
through the file and display all time steps, stress periods, transport time steps (if appropriate), and the title 
of the variables stored in the file.   

This function only works on true binary files and not files created as FORTRAN Unformatted files.  All 
versions of MODFLOW, MT3D, and SEAWAT distributed with GV use this format.  MODFLOW2000 
and MODFLOW2005 from the USGS also use this format.  Older versions of MODFLOW from the USGS 
use the FORTRAN unformatted file type, though. 

The second option on the File Operations menu compares the contents of two files.  This is convenient for 
determining the difference between two runs or as a QA/QC step to make sure an imported model is 
producing the same results as the original one.  The file comparison dialog is shown below. 
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 Select the two files to compare and give a file name that would contain the differences for later processing.  
Contents of the first file are subtracted from the contents of the second file.  Also select the file type at the 
bottom of the dialog.  Click the View button to perform the comparison and create the Results file.  The 
maximum difference is displayed at the top of the dialog for each matrix in the file. 

By default, GV assumes that both files contain the same number of time steps.  However, there are also 
options where the second file (From file) contains only one time step or you may specify one time step in 
the “From” file to compare to all time steps in the first (Subtract) file. 

Results of the comparison (the differences at each cell and time step) are placed in the “Results in” file.  
This file can be displayed and analyzed in GV using Plot|Import Results like a normal result file. 

The third option on the File Operations menu extracts the data from one time step of a transient file and 
puts the extracted data into another binary file of the same format as the original.  The following dialog is 
displayed. 

 
Click OK and the new file is created. 
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There are many uses for this function.  Two common ones are to create a starting head from based on the 
results of the last time step of a transient run to start another transient run.  This may be necessary because 
if you use the option to have MODFLOW read starting heads direct from a binary file, it always reads the 
first set of heads in the file.   

Another use may be to run MODPATH on one time step of a transient run.  When running MODPATH on 
a transient run, it always uses all time steps in the run.  You do not have the option of getting pathlines for 
an individual time step.  This makes interpreting the tracking results complicated.  On the other hand, you 
can use the extract command to create new head-save and cell-by-cell flow files for a particular time step 
and just run MODPATH on those results. 

There are times when transient simulations need to be split into separate runs.  The ending heads of one run 
then serve as starting heads for the next run.  When all of the runs are finished, however, it is desirable to 
be able to plot hydrographs that represent the entire set of runs.  The “Combine Binary Files” function was 
added to accomplish this task.  The following dialog is displayed: 

 
Each run must have a common root name followed by a sequence number.  In the example above, the first 
run head-save file would be t21.hds.  The second would be t22.hds, etc.  The directory is where all runs are 
stored.  If the “Runs are in separate directories” option is chosen, then the directories must be named such 
that the run number is at the end of the directory name.  For example, work1 would be the first run, work2 
would be the second run etc.  The “Root Name of Composite” is the name of the head-save file that results 
from combining runs.  Note that in this description we talk about head files.  However, all binary files are 
combined (drawdown, cell-by-cell flow, and head). 

The next option on the File Operations menu computes the mean and standard deviation for a series of 
stress periods in a transient run.  The resulting mean and standard deviation will be written to separate 
binary files with one time step.  The following dialog contains the options for the calculations: 
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The first field is the binary output from the transient run.  This can be a head, drawdown, concentration, or 
cell-by-cell flow file.  Separate file names are then given for the mean and for the standard deviation.  The 
file type dropdown list tells Groundwater Vistas which type of file is being summarized.  The range of 
stress periods is selected at the bottom of the dialog. 

The Plot|File Operations|Transient Minimum command will create a head-save file with one stress period’s 
worth of data.  These data represent the minimum head value in each cell queried from a transient run.  
These head values could come from very different stress periods as you move from cell to cell.  You enter 
the minimum and maximum stress periods to process.  An analogous command (the last on this menu) does 
the same thing but looks for the maximum head in each stress period. 

Graphics for Calibration 
There are several types of plots that are used to evaluate model calibration.  These include the scatter plot 
of measured vs. Observed heads, drawdowns, and concentrations, posting residuals on contour maps, and 
the sensitivity plots.  These are all covered in the next chapter on model Calibration. 

Figures 
Groundwater Vistas can now save your current view, including all options and data sources, as figures.  
These figures can be used to save figures for a report, a pre-planned slide show, or just common views you 
like to see while you are running your model and evaluating results. 

You can start using figures by simply selecting a figure number on the reference cube at the left of your 
Groundwater Vistas window and then selecting View/Set New Figure.  Groundwater Vistas will then save 
your current view to that figure number.  Normally you will start with figure 1 and then increment the 
figure number and save a new figure, etc.  To replay a figure, simply change the figure number on the 
reference cube. 
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You can also delete figures or you can over-write them.  For example, if you have already defined figure 
number 2 and figure 2 is on the reference cube and you then select View/Set New Figure, Groundwater 
Vistas will ask if you want to set a new Figure 2.  If you answer yes, then the old settings for figure 2 are 
replaced by the current view. 

Figures also save whatever data you are displaying, including the location and name of head, drawdown, 
concentration, and cell-by-cell flow files.  When you replay a figure where heads are contoured, for 
example, GV will go find the head file you used for that view, read those heads, and contour them. 

Figures can also be accessed on the right edge of the plan view window.  Each figure will have its own tab 
which makes remembering what figures you have defined and accessing them very easy. 

Layouts 
A new tab is displayed at the bottom of the Groundwater Vistas window right above the status bar.  It is 
called “Layout” and shows what your plot will look like on a piece of paper.  This makes is easier to adjust 
the page setup settings.  To access the page setup property sheet, simply double-click the layout.  Then 
make any changes you need and they will be updated on the layout page. 
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You can also customize the layout by adding titles, north arrow, scale bar, and frames from the AE menu.  
When you add these items to the layout, they are not added to the plan view of your model.  They will only 
show up when you print the layout. 

3D Visualization with GW3D 
GW3D is a simple 3D Visualization program designed to work with Groundwater Vistas.  It is designed to 
view groundwater models and model results in three dimensions.  GW3D does not come with Groundwater 
Vistas unless you have the Entreprise Version.  If you have the Standard Version or the Advanced Version, 
GW3D may be purchased separately. 

It is very easy to start using GW3D.  Simply open your model in Groundwater Vistas and select 
3D\Options from the main menu.  This sets up the basic options before launching GW3D.  The Options 
dialog is shown below: 



Groundwater Vistas Version 7 Page 329 

 
The type of 3D view is either the default (which starts a new view of the model in GW3D with basic 
options) or “Existing GW3D File”.  The latter is used when you already have a 3D view prepared in GW3D 
and just want to launch GW3D to view it again.  The name of the GW3D file is then placed in the field 
labeled “GW3D File Name”.  GW3D files use the extension “gw3”. 

The Model Type is either MODFLOW or MT3D.  Choose MODFLOW to view head and drawdown 
information or MT3D to view concentrations. 

The path to the GW3D program should be set appropriately if you installed GW3D in the default directory.  
Otherwise, browse to find the file gw3d.exe. 

GW3D will display the same base maps as your Groundwater Vistas model.  Maps can either be draped 
over the top of layer 1 or on a flat plane.  In either case, the distance between the map and the top of model 
layer 1 is also entered as the “gap” value.  The final option on the dialog is the vertical exaggeration. These 
last three options on the bottom of the dialog can be changed after launching GW3D. 

At the bottom of the dialog is a list of other data types that can be viewed in 3D.  By default, GW3D will 
display head, drawdown, and pathlines for MODFLOW or concentrations for MT3D, and also positions of 
boundary conditions.  Most other matrix data types in Vistas can also be displayed, including hydraulic 
conductivity, storage, etc. 
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Launch GW3D 
After selecting the options above, choose 3D/Launch GW3D.  Your screen should then look like the one 
below. 

 
The view you get when you first start GW3D is from above the model domain looking down on it, like the 
plan view in Vistas.  Active cells are shaded a greenish color.  No-flow cells are not shown.  Maps are 
displayed the same way they are in Vistas. 

Quick Launch 
Quick Launch loads GW3D and passes it a GW3D file name.  You specify the file name under 3D\Options, 
as described above.  The type of 3D view on the Options dialog is either the default (which starts a new 
view of the model in GW3D with basic options) or “Existing GW3D File”.  The latter is used when you 
already have a 3D view prepared in GW3D and just want to use Quick Launch.  The name of the GW3D 
file is then placed in the field labeled “GW3D File Name”.  GW3D files use the extension “gw3”. 

3D Visualization with Groundwater Desktop 
Groundwater Visas also works with a program called Groundwater Desktop (GWD).  GWD is a more full 
featured 3D visualization package and can be purchased as an add-on for use with Groundwater Vistas.  
The 3D|Groundwater Desktop Options dialog has a field for the path to GWD.  Then 3D|Launch 
Groundwater Desktop writes some simple files and then runs GWD directly.  GWD uses the model files 
you already created in the most recent simulation. 
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Creating Reports 
The Reports menu in GV provides many options for exporting text file reports and for creating customized 
reports based on the model and simulation results. 

Custom reports 
Custom reports are useful documents that take advantage of GV’s scripting capabilities to automatically 
transfer information about your model to the report.  The custom report should be created in Microsoft 
Word in Rich Text Format (RTF).  Other word processing software can also be used as long as the file can 
be saved in RTF format.  RTF is convenient because it is a text file but also has all of the formatting like 
font control and embedded images. 

Reports are customized by embedding special codes within the RTF file.  A code starts and ends with a 
tilde character (~).  Between these two tildas is a command.  One example is ~constant,rootname~.  GV 
reads the template file containing these codes and writes out the report, also in RTF format.  When it 
encounters a command, it substitutes data and information as it writes out the custom report.  The 
~constant,rootname~ command substitutes the root name of your MODFLOW run into the report.  

The following is an example of a customized report: 
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The template shown above was used to create the final report on the next page.  By comparing the template 
to the final report you can see how the commands are used to pass information to the report.  

 
 

 

 

A full list of available commands is provided in the file called CustomReportCodes.xls located in the 
documentation folder for GV7.   
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The model run log is one example of a custom report.  One has been provided for you called 
GVRunLogTemplate.rtf.   If you open the run log in Word, you can see that there are codes embedded in 
the log that start and end with the ‘~’ character.  This character tells Vistas to evaluate the words between 
the tildas and place model information there based on that code.   

If you want GV to not only create the report but also display it, you need to browse to find the program you 
will use to display the run log.  When using the default rtf file as your run log, you should use Microsoft 
Word as the application. 

 

Calibration 

Target Residuals 
The target residuals report is actually a comma-delimited file that lists all targets meeting the criteria of the 
search and then statistics on the set of targets and subsets identified on the dialog. 
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As shown in the dialog above, you can set the characteristics of the targets you want to evaluate using a 
range of layers, range of groups, range of zones of the current property type, and a time range for transient 
targets.  You can also specify that targets must have residuals greater than or less than some threshold.  The 
latter is useful for finding the worst targets in the simulation. 

The “Summarize Statistics” area presents three options for how statistics are computed.  Statistics are 
always computed for the whole group of targets but can then be computed on a layer, group, and/or zone 
basis. 

The special area allows you to identify targets in dry cells or within boundary cells. 

Transient Targets 
The transient target report exports a comma-delimited file with a summary of residuals at each transient 
target.  The data include the location (x, y, row, column, layer), the number of transient time values, mean 
residual, absolute mean residual, standard deviation of the residuals, and RMS Error.  An example report is 
shown below. 
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Targets in Zones 
The target zone report is a text file that shows which targets are in each zone of the current property type.  
The current property is the one identified on the Props menu with a check-mark.  The report shows the area, 
volume, and number of cells for each property zone and then lists the target names within the zone.  It also 
lists targets that are in cells above and below the zone. 

Pilot Points in Zones 
The pilot point zone report is a text file that shows which pilot points are in each zone of the current 
property type.  The current property is the one identified on the Props menu with a check-mark.  The report 
shows the area, volume, and number of cells for each property zone and then lists the pilot point names 
within the zone.  This is a useful check on your pilot point set because pilot points are kriged by zone.  If 
there is one pilot point in a zone, then that zone is treated as a homogeneous area. 

Dry Cells 
The Dry Cell report is a comma-delimited file (*.csv) that can be loaded into Excel.  It shows the row, 
column and layer of each dry cell.  It also shows the bottom elevation of the dry cell, the head in the aquifer 
below the dry cell, and the bottom of the underlying cell. 

Flooded Cells 
Flooded cells are those in which the head is above land surface (top of layer 1).  The report is a comma-
delimited file (*.csv) that can be read by Excel.  The report contains the row, column, and layer of each 
flooded cell.  It also shows the head in the cell and the top elevation of the cell.  Only cells in layer 1 are 
evaluated. 

Analytic Well Report 
The analytic well report is a comma-delimited file that shows each analytic well with well coordinates, 
layers penetrated, and a summary of aquifer properties in each layer at that location. 
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BC Stress Period Summary 
The BC stress period report is a comma-delimited file showing each boundary type (recharge, ET, constant 
head, drain, etc) and the number of cells in each stress period.  For recharge and ET, the values are 1 or 0.  
One means there is non-zero recharge or et for that stress period. 

Special Reports 
Special reports were created in Groundwater Vistas for our consulting clients.  These are not generally 
applicable to normal modeling in GV. 

 

Notes on the View Menu 
The View menu controls basic display of information in Groundwater Vistas and is used in conjunction wit 
the Plot menu, which was the subject of most of this chapter.  The following section describes the 
functionality available on the View menu. 

Toolbar, Status Bar, Reference Cube 
The Toolbar and Status Bar menu selections indicate whether these items are displayed by GV.  The 
toolbar is immediately below the menu by default but is a dockable toolbar and may be moved by clicking 
the left mouse button on the toolbar and dragging the bar to a new location.  The status bar is located at the 
bottom of the GV window and displays information as the cursor moves across the model.  A checkmark 
appearing on the menu next to the selection means that the item will be displayed.  Click on the menu 
selection to toggle the checkmark on and off. 

The Reference Cube is displayed by default on the left side of your screen.  The Reference Cube is used to 
quickly change the current layer displayed in plan view or to change the row or column currently displayed 
in the cross-section view.  The Reference Cube is a dockable toolbar that may be in one of three positions.  
You may click on the upper area of the Reference Cube (left of the +/- spinners) and hold the left mouse 
button down to move the Reference Cube.  If you move it so that it overlaps the left or right edge of the GV 
window, it will be docked there.  If you leave it in the center of the GV window, it will float over your 
model design.  You may remove the check mark from the View menu to make the cube disappear. 
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The reference cube also allows you to change the current stress period, component number, and figure 
number.  The current stress period determines which transient data to display when working with recharge 
and ET.  It has nothing to do with which results to display.  The component number refers to chemical 
components in transport runs.  Data for the current component are displayed when working with the 
Chemical Reactions, Recharge Concentration, Initial Concentrations, and Diffusion properties.  Figure 
numbers are used to record the current view and replay it later.  If you change the figure number to one that 
has been previously recorded, it will be replayed.  If you want to create a new figure, change the figure 
number to one you either do not have or one you want to overwrite and then select View/Set New Figure. 

Toolbar Tooltips 
Hovering the mouse over the toolbar displays a small dropdown box that lets you know what the button 
does.  On some computers, however, this little box causes your computer screen to automatically refresh.  
For complex models, this can be quite annoying.  Uncheck this menu item to turn off the tooltips and stop 
the screen refreshes. 

Fast Zone Paint 
Clicking on Fast Zone Paint adds or removes a check mark next to this item.  When checked, GV paints 
zones by simply drawing a line through the cell with the appropriate color.  This is usually faster than 
filling the cell with a color and pattern.  For very large models (over 40,000 cells per layer), this can speed 
up the refresh rate when GV redraws the model design.   

No Zone Paint 
Clicking on No Zone Paint adds or removes a check mark next to this item.  When checked, GV does not 
paint zones at all.  This may be necessary when your model design is over 100,000 cells per layer and/or 
your computer is relatively slow. 
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Auto Refresh 
The Auto Refresh menu selection determines whether GV will redraw the model design window each time 
a dialog is displayed or the window is resized, zoomed, or changed in any way.  A checkmark appearing 
next to Auto Refresh means that the display is redrawn after every action that changes the display.  Click 
on this menu item to toggle the option on or off (with or without the checkmark).  The default condition is 
Auto Refresh on.  You may want to turn Auto Refresh off if you are making a lot of changes to the model 
and your map is large or if your model is complex.  On a fast computer (e.g., Pentium), the refresh is fast 
enough that you probably will not care. 

Refresh 
Selecting Refresh from the view menu causes the current model window to be redrawn.  You would use 
this feature if you have turned the Auto Refresh off (see last section) and the screen needs to be redrawn 
after a scroll or other action.  You may also use the toolbar  .  You may also press Ctrl-R to refresh the 
screen. 

Scroll and Page 
Selecting Scroll or Page from the View menu displays a third menu with the following selections: left, 
right, up, and down.  Select which direction the current model window will be scrolled.  The only 
difference between Scroll and Page is the distance that is scrolled.  Scroll moves the display a short 
distance and Page moves the display a larger distance. 

Up Layer, Down Layer 
Selecting Up Layer changes the current plan view to the next layer up from the current layer.  If the current 
layer is the top layer (layer 1), nothing happens.  Down Layer moves the plan view down one layer.  The 
same effect is obtained by clicking the “+” or “-“ button next to “Layer Number” on the Reference Cube. 

Specific Layer 
Selecting Specific Layer displays a dialog where you enter the layer you want to view.  Clicking OK causes 
GV to change the plan view to the specified layer.  The same effect may be obtained by entering a new 
layer number in the “Layer Number” field on the Reference Cube and pressing the Enter or Tab keys. 

Zoom 
Zoom allows you to magnify a point on the current display.  After selecting Zoom from the View menu, 
you must click on a point with the mouse (or use the cursor keys followed by the Enter key).  A dialog is 
displayed where you can change the coordinates of the magnification point and the degree of 
magnification.  A zoom value greater that 1 causes the display to be magnified and a value less than 1 
causes more of the map to fit in the current window.  You may also press Ctrl-Alt-Z to execute this 
command. 

Zoom In, Zoom Out 
Selecting either item causes the display to be zoomed in or out by about 15 percent. This is a quick way of 
zooming that avoids mouse clicks and dialog entry.  You may also press Ctrl-Z to Zoom In and Alt-Z to 
Zoom Out.  In addition, the scroll wheel on the mouse will zoom in and out. 
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Zoom to Node 
When using MODFLOW-USG, it can be difficult to find the location of a node in an unstructured grid.  By 
using Zoom to Node, you enter a node number and a zoom factor (>1 zooms in on the node) and GV 
centers the display on that node number. 

 

Window 
Select Window from the View menu to highlight a region of the model that will be magnified to fit within 
the current display.  After selecting Window, click on a point and drag a box to cover the area of interest.  
Release the mouse button and a dialog allows you to edit the coordinates of the corners of the box.  Click 
OK to redraw the display.  You may also press Ctrl-W to execute this command. 

Full 
The Full menu contains three submenu choices, labeled Screen, Printer, and Grid.  Choose the Screen menu 
item to display the full map window within the current window on your screen.  By default the map 
window contains your full model grid and enough space on either side to draw row and column labels.  
You may change the map window to a smaller or larger area by selecting Plot|Map|Window.  If the map 
window is different from the full grid, you may select Full|Grid to display the full finite-difference grid ( ).  
Choose the Printer option to make sure that the full map window will fit on a single printed page.  This 
effect can also be achieved using the File|Page Setup menu item and checking the "Size to Page" option.  
You may change the size of the current map window by selecting Options|Map|Window.   

Previous 
The Previous command replays the previous view.  If you zoom in using one of the other commands on the 
view menu, the Previous command will revert back to the view before that command was executed.  You 
can also use the Ctrl-Alt-P hot key. 

Set New Figure 
Figure numbers are used to record the current view and replay it later.  If you change the figure number to 
one that has been previously recorded, it will be replayed.  If you want to create a new figure, change the 
figure number to one you either do not have or one you want to overwrite and then select View/Set New 
Figure.  If the figure already exists, GV will ask if you want to overwrite it. 

Save Figure As 
Figure numbers are used to record the current view and replay it later.  If you change the figure number to 
one that has been previously recorded, it will be replayed.  This command allows you to save the current 
view as a figure and to give that figure a particular number.  If the figure already exists, GV will ask if you 
want to overwrite it. 
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Delete Figure 
The previous two command s add a figure.  The current command will delete a given figure.  GV prompts 
for the figure number, which is displayed on the tab to the right side of the plan view. 

Display Bounds 
The Display Bounds menu selection indicates whether the coordinates of the current window will be 
displayed in the corners of the display.  A checkmark appearing on the menu next to the selection means 
that these coordinates will be displayed.  Click on the menu selection to toggle the checkmark on and off. 

Show Site Coordinates 
When checked, this option displays the X and Y coordinates under the cursor in the site (world) coordinate 
system.  This option is equivalent to the last check-box on the Grid|Options dialog.  For Groundwater 
Exports which do not explicitly contain an option for model vs. site coordinates, this menu selection will 
determine which coordinate system is used in the export. 

Fast Well Drawing 
In models that have very large numbers of analytic element wells, drawing each well can take a very long 
time.  Fast Well Drawing uses a faster technique.  The only problem is that information under the well is 
obscured when this drawing style is activated. 

Auto Save Bitmaps 
The animation option on the File menu can sometimes get stuck on a particular view when Windows has 
trouble keeping up with the refreshing of the screen.  Turning on Auto Save Bitmaps allows you to 
manually save bitmaps every time the screen changes.  The same root name is used for all bitmaps and a 
sequence number is appended to that.  The root name is entered on the File|Export Animation dialog: 
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Model Calibration 

Introduction 
In most modeling studies, the calibration phase requires the most effort and is the most difficult to 
accomplish.  Groundwater Vistas helps streamline the calibration process by offering one of the most 
comprehensive suites of calibration tools of any groundwater modeling system.  These tools include 
calculation of residuals and residual statistics for head, drawdown, concentration, flow direction, 
subsidence, and flux targets, running individual sensitivity simulations, an automated sensitivity analysis, 
running multiple automatic sensitivity analyses in batch mode, and support for the PEST, MODAC, and 
MODFLOW2000 calibration (inverse) models.  Each of these capabilities are described in the following 
chapter.  In addition, there are several tutorials in the Groundwater Vistas Tutorial manual that illustrate 
how to use these techniques. 

Calibration Targets 
A calibration target is a point in space and time where one of the model dependent variables has been 
measured.  PEST calls these observations.  Calibration targets provide a means of assessing calibration 
quality because an error term, called a residual, is computed for each target location.  A residual is 
computed as the field measurement minus the model-computed value. The range of errors helps you 
determine whether the quality of the calibration is adequate for your purposes.  GV assists you in this 
determination by computing a wide variety of target statistics and by creating several different types of 
calibration maps and plots. 

Target Types 
Calibration targets may be measurements of head, concentration, drawdown, flow direction, subsidence, or 
groundwater flow (called flux in the following discussion).  Targets may be steady-state or may have an 
associated time value (called transient targets).  A hybrid type of target, called a gradient target, is 
composed of three head targets.  The three targets form a triangle that can be used to assess the error in the 
direction and magnitude of the hydraulic gradient. 

The top of a target dialog in GV shows the different types of targets.   
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Targets are actually used for many things other than calibration so only a few of these target types are 
applicable here, including: 

- Head 

- Drawdown 

- Concentration 

- Flux (node) 

- Flux (reach) 

- Subsidence 

- Flow Direction 

 

The Hydraulic Conductivity, Kz, Recharge, and Conductance types are used for Prior Information in PEST 
(discussed later).  Contraints, min and max values (e.g. Max Concentration), Stream flow/depletion are all 
used for optimization models described in the next chapter.  Pilot points are used as parameters in PEST 
calibrations (discussed later). 
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Head, drawdown, and concentration targets should be obvious.  Flux targets use the cell-by-cell flow output 
from MODFLOW and have units of L3/T (e.g. cubic ft per day).  A flux node target compares the target 
value to the flux in one boundary condition node.  The flux reach target adds up the fluxes from a group of 
boundary conditions that are of the same type and have the same reach number.  Groundwater Vistas gets 
the boundary condition type (and reach number for a flux reach target) from the cell containing the target.  
This cell should NOT contain multiple boundary types or multiple reach numbers.  For a flux reach target, 
the target can be placed in any boundary condition cell that has the reach number you want to use. 

Flux targets can also be used for ET.  To use this option, give the target a unique group number (see target 
dialog below – group is right below the weight).  GV then uses the ET zone containing that target and adds 
up the ET flux for all cells in that zone.  You tell GV which group number is used for ET targets on 
Plot|Calibration|Options dialog. 

Flow direction targets are designed to calibrate groundwater flow directions either as a surrogate for 
transport calibration or in conjunction with transport calibration.  The flow direction is an angle in degrees.  
These directions are not compass directions but mathematical directions.  Zero degrees is east (+X direction 
in the model), 90 degrees is north (+Y direction), etc. 

Subsidence targets measure compaction at land surface and should be located in layer 1.  Subsidence 
targets work with either the IBS or SUB Packages of MODFLOW. 

There are two special types of targets.  The first is a head difference target.  These are designed for the 
difference in head between two model layers at the same location.  On the target dialog shown below, you 
would turn on the option that says “Head Target is Difference with Layer” and then enter a second layer 
number.  The head difference is the head in the layer containing the target minus the head in this second 
layer.  Only head targets are used with this target type. 

The second special target type is a censored target.  These targets are used when the target value (e.g. water 
level or concentration) is not known exactly.  This is the last option on the target dialog and by default is 
set to “No Censoring”.  The other options are “Target Represents a Minimum Value”, “Target Represents a 
Maximum Value”, and Range.  If the target is a minimum, then any computed value greater than the target 
value results in a zero residual.  Likewise, if the target is a maximum, then any computed value less than 
the target value results in a zero residual.  These are useful for water levels when you want to keep cells 
from flooding in layer 1.  You may not have actual well data but you know water levels should be below 
land surface.  A common example for concentration targets is non-detect wells.  You do not know the exact 
concentration value but you know it is less than some threshold value. 

Adding Targets 
Targets are added to the model by selecting AE|Target from the menu or by pressing the target button,  

 , on the toolbar.  You must be in analytic element mode to add targets (i.e., press the   button on 
the toolbar.  Move the mouse to the target location and click the left mouse button.  A dialog prompts for 
the target type, target value, layer number, sublayer number for a sublayered nested MODFLOW-USG 
mesh, X- and Y- coordinates, and an optional target name.  You may also choose the font style, font size, 
and relative location of the target name.  The target dialog is shown below. 

Targets may be either steady-state or transient.  If you enter a steady-state target in a transient model, the 
target value will not be used by GV.  Transient in this case means more than one time step.  You can have 
multiple steadystate stress periods in the same model run but from a target standpoint, this type of run is 
still transient.  Similarly, transient targets are ignored when the model contains only one steady-state stress 
period. This gets a bit tricky with concentration targets because your flow model may be steady-state.  
However, transport is always transient.  Therefore, concentration targets must always be transient.   
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To enter transient data for a target, click on the “Steady State” check box to remove the check mark.  Next, 
click on the button labeled “Transient Data”.  Enter the time and target values on the scrolling list.  The 
time value is elapsed time since the beginning of the simulation.  These target time values are NOT stress 
period numbers.  You may also import the transient data from a file.  Click on the button labeled “Import” 
and enter the file name on the File Open dialog.  The file must be a text file (ASCII file).  Each line of the 
file must contain one value of time and one value of the target value (head, drawdown, or concentration) 
separated by spaces, tabs, or a comma. 

It is helpful when adding targets to the model to provide a name for the target.  This helps you easily 
identify the location of large errors.  The name would normally represent the monitoring well name.  Press 
the Name button on the dialog to enter a name, choose a font, and select an option to display the name next 
to the target symbol. 

Targets are assigned a weight which is normally a multiplier applied to the residual (error) when computing 
statistics.  The weight by default is 1.0, signifying that the residual is not modified.  There are times, 
however, when using a weight other than 1.0 is necessary.  A common use of weights is to normalize units 
of different target types.  For example, when you have head targets and flux targets in the same model, the 
flux residuals are normally much larger than a comparable head error.  When these are squared by an 
inverse model (e.g. PEST) or in the automated sensitivity analysis, the sum of squared flux residuals is 
orders of magnitude greater than head errors.  Thus, the calibration will focus more on resolving the flux 
errors and the head errors can be ignored.  To get around this problem, use a weight less than 1.0 to reduce 
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the magnitude of flux errors so they are comparable to head errors.  A similar problem is often seen with 
concentration targets for a similar reason. 

Targets are drawn on the screen using a circular symbol with a cross through it.  Only targets in the current 
layer are displayed.  You may change the size of the symbol and other plotting options by selecting 
Plot|Calibration|Options.   

 
Target residuals can be posted on the map view by selecting Plot|What to Display and turning on “Post 
Residuals”.  The font used is edited on the Options dialog shown above.  For steadystate models, there is 
only one residual.  For transient models with multiple potential residuals in time, GV chooses the one to 
post by comparing the elapsed time you have imported from the head/drawdown/concentration files using 
Plot|Import Results to the Time Accuracy value on the dialog above.  If a target time is within +/- Time 
Accuracy of the current imported time from  model output, that residual is posted. 
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You don’t always have to post residuals at target locations.  The “Value to Plot” option shown above has 
several options besides residual including: 

- Target Value 

- Average Residual 

- Amplitude Ratio (range in observed values divided by range in computed values) 

- Worst Residual 

- Sum of Residuals 

- Sum of Absolute Residuals 

- RMS Error 

- Absolute Residual Mean 

Except for the target value, these are all for transient models is more than one time value in a target. 

There is an option to use weights when posting residuals.  There is also an option for flux targets in stream 
cells to use the computed surface flow instead of groundwater flux.  In this way, you can calibrate to 
surface flow in the stream. 

You may delete a target by clicking on it with the mouse.  This selects the target by drawing the circle with 
a solid color.  You may press the Del key to delete the target, double-click on the target to edit it, or drag 
the target to a new location.  Select multiple targets are holding down the shift key and left-clicking the 
target.  You can select all targets using Edit|Select All|Targets or automate the selection of a subset of 
targets using Edit|Select by|. 

Importing Targets 
Steady-state targets may be imported from a text file by selecting AE|Import|Target Text File.  Each line 
of the file must contain data for only one target and the order of data is up to you.  You simply tell GV 
which column contains each data type.  Data types include the following: 

 Target name 
 X coordinate (or column) of target 
 Y coordinate (or row) of target 
 Target value (e.g., head) 
 Screen elevation (or layer number) 
 Weight 
 Number of transient data points (if transient targets) 

Items must be separated by a comma, spaces, or a tab.  For transient targets, enter one line to define the 
target and include a column that has the number of time-target pairs.  Immediately after the target definition 
line enter the time and target values (in that order and delimited as described above). 

After selecting AE|Import|Targets, you will see a File Open dialog prompting for the name of the file to 
import.  The default extension on this file is *.dat.  Once the file is selected, the Target import dialog is 
displayed, as shown below. 
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The default settings are shown on the dialog above.  The numbers at the bottom of the dialog next to items 
such as Name and Column refer to column numbers in the data file.  In the example above, the name will 
be read from column 1, the X coordinate of the target from column 2, etc.  These correspond to the format 
of the target import file exported by GV.  When choosing the latter, GV will decide which layer contains 
the target based upon the screen elevation.  

As with other text file import routines in GV, you must also tell GV whether the X and Y coordinates of the 
target are in site coordinates or model coordinates.  You can also skip a given number of lines at the top of 
the file.  For example, you could have a text line at the top of the file to label the columns and give a 
description of what the file contains.  You must also tell GV whether the targets are transient or steady-state 
and what type of targets the file contains. 

For transient targets, you must enter the time value (elapsed time from the beginning of the simulation) and 
target value on the line immediately following the line defining the target.  A column in the header line 
must be used to tell GV how many transient data lines to read.  The data on the transient data line must be 
in the order given above and both values must be there.  An example of such a file is shown below: 

Name,X,Y,Layer,NumberOfPoints 
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MW-1, 100.0, 200.0, 3, 4 

1.0, 511.0 

2.0, 512.0 

3.0, 513.3 

4.0, 514.4 

MW-2.... 

A second method of importing transient targets is to have the target value history stored in a separate file.  
The data for the dialog shown above are in the first file.  To read the transient data for a second file check 
the box that says “Transient Data Contained in Separate File” at the bottom of the dialog.  Then click the 
“Browse” button next to that option to provide further information as shown below: 

 
After providing the file name at the top, you must provide the column containing the well name, the 
column containing target values, and the column for date.  The name field in this second file MUST 
MATCH the names provided in the first file and they are case sensitive.  This is one of the only places in 
Vistas where you relate the model to actual time in years and days.  You must tell GV the starting time of 
the model and the format of the date field.  Dates can also be in separate columns (e.g. year, month, day) 
and can optionally include time. 

Groundwater Vistas will determine the elapsed time value for each target date that is entered.  If the date is 
before the simulation time or after the end of the simulation, then those data are ignored automatically. 

Targets may also be imported from shapefiles.  After selecting Add/Import/Shapefile, a dialog is displayed 
which prompts for the name of the shapefile and the type (target). 
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After clicking OK, another dialog is displayed.  The general idea is to match fields in the shapefile database 
with features of the target or well in GV. 

 
The dropdown lists at the right of the dialog contain all fields in the Shapefile.  Just pick the one that goes 
with the feature listed on the left.  In the example above, the Name field goes with Target Name.  For 
transient targets, the shapefile can contain one target value and that value can be added to existing targets or 
the shapefile can contain multiple time and target values.  If the latter is the case, then select the first time 
and target value field.  GV assumes then that the remaining time and target fields are to the right of the first 
field in the database in (time, value) pairs. 

Click the “Screen Elevation Field Contains Layer Number” if the database contains layer numbers.  
Otherwise, GV will assume that the database contains elevations and will decide where the target goes 
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based on layer elevations in your model.  If you do not select any field for Screen Elevation, then GV will  
put all the targets in the current layer.  Note that the “lower screen elevation” field is only used for head 
difference targets. 

Targets and Model Results 
The purpose of a calibration target (or observation in PEST terminology) is to compare field measurements 
to model simulated results.  Groundwater Vistas (or targpest when running with PEST) performs the 
calculations that match the model results to target locations.   

Flux targets are the easiest because no interpolation is used in space.  The flux node targets just get the 
computed flux for the boundary condition located in the same cell as the target.  Care should be taken so 
that there is only one boundary condition in the cell with each flux node target.  If there is more than one 
boundary condition, then Vistas just picks the first one it comes to.  For flux reach targets, the cell 
containing the target determines both the boundary type and reach number.  Any other boundary condition 
of the same type and reach number (regardless of layer) is added up for that target.  For transient flux 
targets, there is a slight difference between the way Vistas handles things compared to targpest.  In Vistas, 
linear interpolation in time is used.  In targpest, the closest time step is used for each time associated with 
the target. 

The default case in Groundwater Vistas uses interpolation to go from the MODFLOW grid centers to the 
target locations, which are usually not at the center of the cell.  To do this, bilinear interpolation from the 
four surrounding cells is done for head, drawdown, flow direction, subsidence, and concentration targets.  
In the cell containing the target is dry, then the cell bottom elevation is used for head targets.  Zero is 
assigned for drawdown or concentration in that case.  When using MODFLOW-USG with upstream 
weighting, MODFLOW-NWT, or MODFLOW-Surfact with unsaturated flow, the interpolation is done as 
normally because cells do not go dry.  If one of the other 3 surrounding cells used in the interpolation is 
dry, then the head for the cell containing the target is used without interpolation.  For transient targets, 
linear interpolation is used in all cases, including in targpest. 

There is an option under Plot|Import Results where interpolation of targets and observation wells is not 
performed.  If this option is chosen, then the head value for the cell containing the target is used without 
interpolation.  The same goes for drawdown, concentration, and subsidence targets.  Flow direction targets 
always use interpolation.  Targpest for PEST does not have this option to not use interpolation. 

The special case of MODFLOW-USG for voronoi, triangular, and other FE type grids uses triangulation of 
the 3 surrounding nodes using linear basis functions for all non-flux targets.  Flux targets in these grids are 
handled in the same manner as a normal grid. 

Computing Calibration Statistics 
Calibration statistics are computed by first calculating the error associated with each target and then 
calculating simple statistics on the population of targets.  The error is called a residual and is computed by 
subtracting the model-computed value (head, drawdown, concentration, or flux) from the target value.  
Negative residuals indicate that the model is calculating the dependent value too high and a positive 
residual is where the model value is too low. 

Prior to computing calibration statistics or plotting residuals, you must run the model and import results.  If 
you add a target to the model after importing the results of a simulation, you must import the results again 
so that GV can compute the target residuals.  Calculation of residuals is done only when you import results. 

Select Plot|Calibration|Statistics/Plot to display a dialog that controls calculation and display of target 
residuals.  You may select the type of target to compute (head, drawdown, concentration, or flux) and the 
range of layers to use in the calculation.   
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Click on the “Statistics” button to display a summary of residual statistics and a listing of the residual 
values.  The types of statistics computed include the following: 

 Sum of squared residuals 
 Residual mean 
 Residual standard deviation (and RMS Error) 
 Absolute residual mean 
 Residual standard deviation divided by range in target value 
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The sum of squared residuals is computed by squaring all residuals and adding them together.  This statistic 
is meaningless by itself but is useful to plot on sensitivity curves or when judging several different 
simulations.  The sum of squared residuals is used by inverse models in the automated calibration process. 

The residual mean is computed by dividing the sum of residuals by the number of residuals.  Because both 
positive and negative residuals are used in the calculation, this value should be close to zero for a good 
calibration.  In other words, the positive and negative errors should balance each other.  The absolute 
residual mean, on the other hand, is calculated using the absolute value of the error (only positive values) 
and is a measure of the average error in the model. 

The residual standard deviation is a measure of the overall spread of residuals.  Think of it as a ± value.  
The residual standard deviation can be compared to the overall range in target value (e.g., head) as a further 
comparison.  For head targets, this value shows how the errors relate to the overall gradient across the 
model.  Normally, this value should be less than 10 percent for a good calibration. 

You may compute your own calibration statistics by exporting the target information to a text file.  Simply 
click the “Export” button on the calibration statistics dialog and specify a file name.  Data exported include 
the target name, target value, model computed value, and residual.  Times are also exported for transient 
models. 

Plotting Calibration Results 

Scatter Plots 
Three types of plots are useful in assessing the quality of calibration simulations.  The first is the scatter 
plot where observed target values (measurements) are plotted versus the values computed by the model.  In 
an ideal calibration, the points will fall on a straight line with a 45 degree slope; i.e., that the computed 
value equals the measured value.  The degree of scatter about this theoretical line is a measure of overall 
calibration quality. 
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Scatter plots are displayed by clicking the Plot Observed vs. Simulated button on the target statistics dialog.  
A different symbol type and color is used for residuals in each model layer to help you identify calibration 
problems, as shown below. 

 
The Plot|Calibration|Target Options menu selection displays a dialog for options related to the scatter 
plots and for posting of target residuals on the map.  Scatter plot options include the origin for the X 
(observed target values) and Y (computed values) axes, the maximum X and Y values to plot, the distance 
between axis labels, and the number of decimal places in the axis labels.  GV requires that the X and Y 
axes of the plot be the same length for target scatter plots. 

A similar scatter plot can be created with observed value on the X-axis and residual on the Y-axis.  In this 
case, the scatter of points should not have a pattern (it should be random).  This plot is created by clicking 
the Plot Observed vs. Residual button on the target statistics dialog.  

A third type of scatter plot is the cumulative probability plot.  This plot is only useful if you are using 
statistical tests from an inverse model.  In that case, these statistics are only valid if the probability plot 
forms a straight line.  For example, PEST computes the 95% confidence limits on estimated parameters 
values.  You can only use these limits if the errors are randomly distributed, which is indicated by a straight 
line on probability plots, as shown below. 

A new plot is a cumulative sum of squared residuals plot.  This shows whether just a few targets with large 
errors is biasing the sum of squares.  This can be important if you intend to use the automatic sensitivity 
analysis or inverse models which rely on this statistic.  The example below shows that just a couple of 
targets account for about two-thirds of the sum of squares.  In this case, you should investigate what targets 
these are and whether they might have data quality problems. 
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Posting Residuals 
Another type of plot that is useful in assessing calibration quality is a contour map of the model dependent 
variable (e.g., head) with residuals posted on the contours.  To display the target residuals, place a check 
mark next to the Post Residual selection on the Calibration menu. 

The Plot|Calibration|Options menu selection displays a dialog for options related to the posting of target 
residuals on the map.  Target posting options control the way that residuals are posted on the plan view of 
the model.  These options include justification (left, right, center), format of the residual (fixed or 
exponential), precision of the label (number of significant digits), time accuracy (for transient models), dX 
and dY (these are offsets from the target symbol), the font, and color.   

GV only posts residuals for the layer containing the target.  These residual posting maps are useful in 
pointing out spatial bias in the distribution of errors.  In steady-state models, posting residuals is relatively 
simple because all target residuals are posted.  However, transient targets are trickier.  GV will only post 
residuals (and residual circles described below) if the time value of the residual is within +/- the time 
accuracy (see Plot|Calibration|Options) applied to the time value currently being displayed from the 
model output.  For example, if the time accuracy is 1.0 and the current time value imported from the 
transient run is 10.0, then target residuals will be posted if they are between 9 and 11 time units (e.g. days) 
from the beginning of the simulation.   

The previous paragraph applies to posting a single residual from a time-series in a transient target.  There 
are other options, however, for what to post for transient targets  (see “Value to Plot” in the dialog on the 
calibration options dialog).  These include the average residual, RMS error, etc. 

You should look for areas where residuals are all too high or too low.  This indicates that something is 
incorrect about your conceptual model or model parameters.  Even when the calibration statistics look 
good, you can have significant spatial bias in the distribution of residuals.  The following is an example of a 
residual posting plot.  Note that most of the residuals are negative indicating spatial bias in this part of the 
model. 
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A similar option is the residual circle option.  In cases when you have many targets, it is sometimes 
difficult to read the individual residuals on the map.  A circle can be drawn around the target, though, with 
the size of the circle proportional to the magnitude of the error.  The color of the circle indicates whether 
the residual is positive or negative.  You can turn on display of residual circles using Plot|Calibration|Post 
Residual Circles.  Select Plot|Calibration|Residual Circle Options to modify how these circles are 
drawn, as shown below. 

 

Sensitivity Analysis 
Sensitivity analysis is the process of identifying the model parameters that have the most effect on model 
calibration or on model predictions.  Model calibration is the focus of this chapter, so sensitivity analysis 
evaluates the effect of a change in a model parameter or boundary condition on the calibration statistics.  
GV has two methods of performing a sensitivity analysis, (1) single sensitivity runs, and (2) an automated 
sensitivity analysis. 

In the current release of GV, only MODFLOW simulations are used in the two types of sensitivity analysis.  
For the automated sensitivity analysis, you must use ESI’s MODFLOWwin32 , MODFLOW2000win32, or 
MODFLOW2005win32, and MODFLOW-NWTwin32.  MODFLOW-SURFACT can also be used.  However, 
Groundwater Vistas (and likely your computer) will be unresponsive until the sensitivity analysis is 
completed.  Likewise, MODFLOW-USG can be used but the command line version is used because it is 
more stable. 
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Single Sensitivity Run 
In an individual sensitivity run, you change one parameter or boundary condition by a small amount and 
evaluate the change in calibration statistics.  A sensitive parameter is one that changes these statistics by a 
large amount.  By identifying the most sensitive parameters in a model, you can streamline the calibration 
process by focusing your efforts on the most important aspects of the model. 

A single sensitivity run is performed by selecting Model|MODFLOW|Sensitivity Analysis.  The 
sensitivity analysis dialog is used to make a single sensitivity run by multiplying a single parameter zone by 
a given multiplication factor.  This is not the same as the automatic sensitivity analysis discussed below in 
which several runs are made by GV.  The advantage of the single sensitivity run is that you may modify a 
parameter value but not change the value in the database. 

You select a parameter type (Kx, Ky, Kz, Leakance, Storage, Specific Yield, Recharge rate, ET rate, or ET 
extinction depth), the zone number to modify, and the multiplication factor.  The parameter value in the 
database for the specified zone is then multiplied by the factor before being written to the data set. 

You now create a new set of model files, run the model, import results, and evaluate calibration statistics.  
The single sensitivity run works with any version of MODFLOW.  

Automated Sensitivity Analysis 
In an automated sensitivity analysis, GV runs MODFLOW several times and computes calibration statistics 
for each simulation.  After the analysis is finished, you may plot key statistics versus model parameter 
value.   

Setting Up the Run 
The automatic sensitivity analysis procedure is a powerful calibration tool offered by GV.  Running the 
sensitivity analysis is a two step procedure.  You start by selecting Model|Auto Sensitivity|Options.  The 
first step is to choose a parameter to modify from the drop-down list at the top of the dialog.  Below the 
parameter type is the zone number (for aquifer properties) or reach number (for boundary conditions).  
Next is the number of simulations.  After entering the number of simulations, click the Multipliers button to 
enter a multiplication factor for each run.  A common configuration is to have 11 multipliers, 5 less than 
1.0, 5 greater than 1.0 and a multiplier of 1.0 for the current parameter value.  Make sure the multipliers are 
in order from lowest to highest in the spreadsheet. 

The boundary condition reach to monitor is only used to evaluate the sensitivity of boundary flux to 
parameters changes.  You would enter a reach number and Groundwater Vistas would store the total flux 
from all cells having that reach number.  These fluxes can then be plotted versus parameter multiplier.  
Note that these fluxes have nothing to do with model calibration. 

The base sum of squares is only used in computing a sensitivity coefficient.  The sensitivity coefficient has 
evolved and is now computed as: 

Si = (DelRss * ParmValue) / (DelParmValue * RSS) 

Where Si is the sensitivity coefficient reported by GV, DelRss is the change in Sum of Squared Residuals 
from the base value you enter on the sensitivity setup dialog, ParmValue is the initial parameter value for 
the base case, DelParmValue is the change in parameter value for the sensitivity run, and RSS is the base 
case sum of squared residuals. 

There are three check-boxes below these fields for some additional options.  The first is to use weights in 
the sensitivity analysis.  When checked, GV will multiply each residual by its weight before computing 
statistics.  The second option is to save the binary files (head, drawdown, cell-by-cell flows) from each run 
of the sensitivity analysis.  This option can generate an enormous amount of information so use with 
caution.  The third option changes the meaning of the multiplication factors entered using the “Multipliers” 
button.  When checked, these values are added (not multiplied) to any boundary head parameters you are 
evaluating. 
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Parameters include the following: 

 Kx = Ky 
 Kz 
 Leakance 
 Storage coefficient 
 Specific Yield 
 Recharge rate 
 ET rate 
 ET extinction depth 
 River conductance 
 Drain conductance 
 GHB conductance 
 Stream conductance 
 Well discharge (Q) 
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 HFB conductance 
 River stage 
 Drain elevation 
 GHB head 
 Stream stage 
 Constant Head 

The first eight parameters are Properties and the last eleven are boundary conditions.  For the properties, 
you enter a zone number from the GV database.  For boundary conditions, you enter a reach number, which 
is a number used to segregate boundary cells into groups.   

Click the Multipliers button to display a scrolling list of multiplication factors for each run, as shown 
below.  The multipliers are used to scale the property value or boundary conductance for each run in the 
sensitivity analysis.  GV takes the parameter value in the database or the conductance you entered in the 
boundary condition dialog and multiplies it by the multiplication factor.  GV then creates a new 
MODFLOW data file when you start the run. 

 
A faster way of using the automated sensitivity analysis is to create a script file.  This allows you to 
evaluate several parameters in one massive batch run.  The first step is to create a sensitivity analysis script 
file in any text editor or word processor.  You can also use the buttons on the side of the dialog (see 
example above) to create the script file, add to the script file, or load the script file into a text editor.  The 
file consists of blocks of data for each sensitivity run corresponding to one parameter type.  You may 
append as many of these blocks as you like to form a series of analyses.  Each block of data has the 
following format: 

Type   Zone   NumRuns   Reach 

X(1) 

. 

. 

X(NumRuns) 

 

Where: Type is the parameter type (see the following table for numeric parameter type codes), Zone is the 
parameter zone number or boundary condition reach number, NumRuns is the number of simulations in the 
current analysis, and Reach is the boundary reach number for summarizing effects on boundary fluxes.  
These data are listed on one line of the file.  The numbers should be separated by spaces, commas, or tabs.  
Following this line is one line for each parameter multiplier value. 

  Parameter Type   Integer Code 

  Kx     0 

  Kz     1 

  Leakance    2 
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  Storage Coefficient   3 

  Specific Yield    4 

  Recharge Rate    5 

  ET Rate     6 

  ET Extinction Depth   7 

  River Conductance   8 

  Drain Conductance   9 

  GHB Conductance   10 

  Stream Conductance   11 

  Well Flow Rate    12 

  HFB Conductance   13 

  River Stage    14 

  Drain elevation    15 

  GHB head    16 

  Stream Stage    17 

  Constant Head    18 

For example, the following block of data would perform a sensitivity analysis on Recharge Zone number 3 
with 7 simulations: 

 5 3 7 0 

 0.7 

 0.8 

 0.9 

 1.0 

 1.1 

 1.2 

 1.3 

There should be no other data or text written to the file other than these numbers.  Comments cannot be 
embedded in the file at this time. 

After creating the script file, select Model|Auto Sensitivity|Options and check the option labeled “Use 
Script File”.  Next enter the full path to the script file.  When you select Run Analysis, GV will run every 
sensitivity analysis in the script file and dump the results to a file called autosens.out.  You can also enter a 
new file name for the output file, as shown on the dialog above.  This file can be viewed in any text editor 
or word processor or may be imported into a spreadsheet such as Excel. 

The second step of the sensitivity analysis happens when you select Run Analysis from the Auto 
Sensitivity menu.  GV will run MODFLOWwin32 the desired number of times and display a sensitivity 
graph at the end of the simulations.   

While the sensitivity analysis is in progress, you will see MODFLOWwin32 making the simulations.  After 
all of the runs are complete, GV will ask whether you want to plot the results.  If you select Yes, GV will 
ask which parameter to plot.  These include the sum of squared residuals, residual mean, residual standard 
deviation, average drawdown, or boundary flux for the specified reach. 
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You may choose Plot|Sensitivity Analysis|Plot results (for the single sensitivity run) or Plot|Sensitivity 
Analysis|Plot Scripted Results (for the scripted sensitivity analysis) at any time after the sensitivity run to 
recreate the plot.  You may also choose Plot|SensitivityAnalysis|Plot Options to modify the plot 
parameters.  The latter dialog is also used to determine what statistic is plotted on the graph.  You may plot 
the sum of squared residuals, the residual mean, the residual standard deviation, the average drawdown in 
the model, and flux for the specified boundary reach.  The average drawdown is useful as a measure of 
overall model sensitivity to the parameter change.  An example sensitivity plot is shown below: 

 
When interpreting the curve above, you are looking for the lowest value of sum of squared residuals (Y-
axis).  In the example above, the lowest point on the curve is for a multiplier of 0.5.  It means that when the 
current parameter value is multiplied by 0.5, it yields a much lower sum of squared residuals than the 
current value (multiplier of 1.0).  If you agree that this change makes sense, then you can modify the 
parameter accordingly. 

After an automated sensitivity run, GV plots a series of curves instead of a bar chart.  An example is shown 
below: 
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The strategy for interpreting the scripted results is similar to the bar chart strategy.  You are looking for the 
curve that drops to the lowest point on the Y-axis (this is the calibration statistic).  You then record the 
parameter for that curve and the multiplier that represents the lowest error.  In the example above, Kx1 is 
the parameter (horizontal hydraulic conductivity in zone 1) at a multiplier of 0.5. 

You can replot the results of a previous sensitivity run by selecting Plot|Sensitivity Analysis|Plot Results or 
Plot|Sensitivity Analysis|Plot Scripted Results. 

Cleaning Up After a Sensitivity Run 
Keep in mind that the last MODFLOW run on your computer’s disk is now the last sensitivity run.  It is a 
good idea to run MODFLOW one more time without any sensitivity analysis to make certain that all of 
your data files reflect your current design and that all output files are consistent with your GV design.  
Simply click the calculator button on the toolbar to make this final run. 

Super Script Analysis 
At the bottom of the automatic sensitivity analysis options dialog is an option to run Super Script to 
automatically update parameters.  In the Super Script analysis, GV will run automatic sensitivity analyses 
back-to-back and choose the best parameter to change based solely on sum of squared residuals.  That is, 
GV searches for the parameter and multiplier combination that reduces the sum of squared residuals the 
most and puts that value in the model.  The number of Super Script iterations is the number of times that 
GV will run the automated sensitivity analysis and update parameters.  After the Super Script run, GV will 
display a summary of what parameters were changed.  If you do not like some of the changes, you can 
manually change them back to previous values. 

PEST Basics 
PEST is a calibration tool, developed by John Doherty of Watermark Computing, that works with all types 
of models.  Any model that uses one or more input files and produces one or more output files can be 
calibrated by PEST.  PEST has been successfully used with MODFLOW and MT3D and is supported by 
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Groundwater Vistas.  PEST versions change quite frequently and Groundwater Vistas is usually up-to-date 
with respect to the most recent PEST version.  If you want to make sure your Pest version is the latest, go 
to www.PestHomePage.org.   

PEST is quite sophisticated so you should be sure to read the PEST manuals before using it.  All PEST 
manuals are supplied in electronic format with GV.  It is also a good idea to run through the Pest tutorials 
in the Groundwater Vistas Tutorial Manual. 

PEST works with several types of files including a control file, a template file, and an instruction file.  
GV creates all of these files for you, although the instruction file must be used with GV’s software called 
targpest.exe.  Targpest reads MODFLOW binary files and reformats the output so that PEST can compute 
the target statistics.   

Most of the data on the GV dialogs are related to the PEST control file.  The remaining data define the 
model parameters that will be estimated by PEST.  You should read the following sections so that you can 
relate the information on the GV dialogs to the variables described in the PEST manual.  The following is 
not a substitute for the PEST manual.   

Pest Versions 
Groundwater Vistas supports several versions of PEST.  These include: 

- PEST Version 14.0 (www.PestHomePage.org)  

- BEOPEST Version 14.0 

- PEST_HP (commercial version of PEST) 

- PEST++ 

By default, GV runs PEST v14.0.  PEST++, created by Dave Welter (www.inversemodeler.org) can be 
used in place of PEST by selecting Model|PEST|Options – Pest++ tab.  BEOPEST and PEST_HP distribute 
a PEST calibration across multiple computers or on one computer with multiple simultaneous simulations.  
The methodology for setting up a PEST run is the same for all of these.  The mechanics of running 
BEOPEST and PEST_HP will be discussed later. 

PEST Concepts & Workflow 
There are several steps you should follow when running PEST to calibrate your model.  The first is to make 
sure your model runs properly and that GV can calculate calibration statistics for your model.  It is also 
advisable that you do some sensitivity analysis prior to running PEST so that you can properly select 
parameters to estimate.  For example, attempting to estimate a non-sensitive parameter can limit the 
usefulness of the PEST simulation.  Also, if changing a parameter makes the run unstable, it will not be 
feasible to run PEST on that parameter. 

After you have made several successful simulations with MODFLOW, you should make a list of the 
parameters and boundary conditions that you want to estimate.  You should also evaluate your set of 
observations (targets) to see the sum of squared errors for each target type.  You may need to adjust 
weights for these target types to keep one group from overshadowing the others.  Flux targets are often a 
problem in this regard.  PEST always uses weights when computing the objective function (sum of squared 
weighted residuals).  When viewing this statistic on the Plot|Calibration|Stats dialog, you should turn on 
use of weights to see the type of objective function that PEST will be computing.  Experiment with weights 
until each group is generally in the same range as the rest. 

PEST has a huge number of options for controlling the calibration.  This can be intimidating if you are not 
familiar with PEST.  To help avoid confusion, we will only discuss options that we believe are important to 
understand.  Even then, the default settings in Groundwater Vistas will work in most cases.  If you are 
curious about the options we do not discuss, please consult the extremely well-written PEST manual 
located in the GWV7\Documentation\PEST folder.  

The following steps are the minimum required to make a PEST run: 

http://www.pesthomepage.org/
http://www.pesthomepage.org/
http://www.inversemodeler.org/
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1) Create model datasets and make sure your model runs well 

2) Set up the calibration targets that PEST will compare to model output 

3) Select Model|PEST|Options and make minor adjustments to settings as described below. 

4) Select Model|PEST|Parameters and select parameters that you want to adjust 

5) Create PEST datasets  

6) Run PESTCHEK to make sure there are no errors 

7) Launch PEST 

8) Import results after PEST finishes (or you stop the PEST run) and evaluate the calibration 

9) Use Model|PEST|Update Parameters if you like the results. 

10) Use File|Save As to make a version of your model with the new parameters 

 

PEST Options 
PEST options supported by Groundwater Vistas are found by selecting Model|PEST|Options.  A dialog 
prompts for information describing the simulation, as discussed below.  The Basic Options tab is displayed 
first and contains many options.  The image below shows the default options in GV and it is rare that you 
will make many changes to these.  Most have the PEST variable name in parentheses.  If you need more 
information on any of these variables, you can search for them in the PEST manual. 

One option we recommend that you change for most runs is the use of command line versions and also to 
run models without screen output.  If you do not use command line versions, then the ESI DLL versions of 
the models will run and keep popping up on your screen during the calibration.  This is fine if you are not 
using the computer for anything else.  However, if you need to also check email and other activities during 
the PEST run, then using the command line versions will work out a lot better.  Turning off screen output 
will also allow you to focus on how PEST is working.  If you have an unstable model and want to see error 
messages, though, then do not turn off screen output. 

Another option to consider is NOPTSWITCH.  By default, GV has all parameter groups set to “switch” for 
computing derivatives.  This means that in the early iterations, one simulation is conducted for each 
parameter to compute its sensitivity.  As the calibration converges and the change in the objective function 
slows, PEST will automatically switch to making 2 runs per parameter.  The NOPTSWITCH parameter 
determines how quickly that can occur.  The default it that it can switch in as little as 1 iteration.  If your 
PEST run switches to 2 runs per parameter (central differencing) in the 2nd iteration, you might consider 
changing NOPTSWITCH to 2 or 3 just to see if that is really necessary. 

Another note on this dialog is the use of Singular Value Decomposition (SVD).  This option is a bit 
different from use of SVD-Assist described later in the context of pilot points.  Truncated SVD on this 
dialog means that if a parameter is insensitive, PEST will not try to estimate it.  SVD is on by default 
because it makes a lot of sense.  Trying to estimate insensitive parameters can cause the calibration to not 
be effective. 

One new feature in Version 7 is the maximum number of non-pilot point parameters set at the top of this 
dialog.  In the past this was set to a hardwired value of 600.  To make GV more flexible, you now can 
change this to as many as you need.  Keep in mind this does NOT include pilot points.  Those are not 
constrained in any way in terms of maximum numbers. 
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There are many other tabs on the PEST Options property sheet.  The following text documents the 
important contents of each tab.  As mentioned earlier, you rarely need to change very many of these 
settings. 

The Targets tab gives you the option of deciding which targets to use in the PEST run.  The default setting 
is to use only head targets.  However, if you are calibrating a pumping test you may need drawdown 
targets.  You may also have flux targets.  Be sure to check the targets that you have defined in your model.  
Groundwater Vistas will not automatically select target types other than head. 
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When using concentration targets, GV does not always know exactly how many concentration time steps 
are in the binary concentration (UCN) file.  The number on this tab defaults to 200 which is normally 
enough.  However, if you know that your UCN file has more than 200 transport time steps, you should 
increase this so it is greater than or equal to that number. 

The “Include Prior Information” check-box introduces prior information into the PEST input file if you 
have defined targets for Hydraulic Conductivity, Kz, Recharge, or Conductance.  Prior information is used 
to try to keep PEST from estimating parameter values that are different from these prior information values.  
Note that prior information are not used with Pilot Points in Groundwater Vistas.  In addition, the prior 
information referred to on this tab are not related to regularization. 

 
One new option that is very convenient when calibrating to transient head targets is whether to use the 
absolute elevatoin of each data point or to use change in head after the first data point in time.  The latter is 
useful if you want to focus on calibrating the storage parameters.  It is often not easy to calibrate to water 
level elevations transiently because early errors, perhaps from a steadystate period, are hard to overcome 
during the transient run.  Using the change in head allows you to focus more on how water levels change in 
response to transient stresses. 
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The Groups tab controls how PEST adjusts parameters in each logical group during the calculation of 
parameter sensitivities.  By default, all parameter groups use the same settings as shown on the dialog 
below.  As explained earlier, the derivative type is set to Switch.  This means that in the early iterations, 
one simulation is conducted for each parameter to compute its sensitivity.  The parameter increment (0.01) 
means that each parameter is increased by 1% relative to its current value when computing parameter 
sensitivities. 

 
The Run Termination tab tells PEST when to stop.  The most important parameter is NOPTMAX.  This is 
the total number of iterations allowed.  It should be a large value so that you can stop the PEST run to see 
how it is doing.  As long as you stop PEST before NOPTMAX is reached, you can then restart it again.  If 
PEST goes the whole way to NOPTMAX, it cannot be restarted.   

A useful technique is to set NOPTMAX to zero when you first use PEST.  This tells PEST to create one set 
of model input files using the base parameter values and make one model run.  You can then make sure that 
everything worked correctly.  If you compare the sum of squared weighted residuals reported by PEST to 
those reported by Groundwater Vistas under Plot|Calibration|Stats.  If they are close then all is well.  If not, 
then something is wrong with the PEST run. 
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The PEST++ tab contains options that are unique to this version of PEST.  If you check the option at the 
top of the dialog to use Pest++, then Vistas will run Pest++ instead of PEST.  When using PEST++, you 
would not use the SVD-Assist procedure because Pest++ embeds SVD-Assist into the PEST run.  If for 
example you want to make one iteration to compute the jacobian matrix and then 10 iterations with super 
parameters (as you woud in SVD-Assist), you would enter 1 for N_ITER_BASE and 10 for 
N_ITER_SUPER.  You would also set the value of MAX_N_SUPER to the number of super parameters 
you want to use.  See the description of SVD-Assist below for more information on this. 
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LSQR is an alternate solver for PEST that works well when there are thousands of parameters.  If you are 
using more than about 2,000 parameters you might try LSQR instead of the normal solver. 

 
The remaining tabs not described here are related to Pilot Points and regularization and will be described 
later in this chapter. 
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PEST Parameters 
Select Model|PEST|Parameters to select the types of model parameters and boundary conditions that will 
be estimated by PEST.  A spreadsheet is displayed containing information that describes the parameter and 
how it will be estimated by PEST.    

 
The first field on the spreadsheet is a combo box that determines the parameter type.  The following 
parameters are supported by GV with PEST: 

- Kx [horizontal K in x-direction; Ky scaled based on horizontal anisotropy] 

- Kz [vertical K or vertical anisotropy (Kx/Kz) if this is written to LPF Package] 

- Anisotropy [ horizontal anisotropy] 

- Leakance [only for use in BCF package when Leakance is explicitly defined in model] 

- S or Ss 

- Sy 

- Recharge rate (R) 

- ET rate 

- ET Extinction depth 

- Well flow rate (Well Q) 

- River conductance (River C) 

- Drain conductance (Drain C) 

- GHB conductance (GHB C) 

- Stream conductance (Stream C) 

- River stage (River H) 

- Drain stage (Drain H) 
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- GHB Head (GHB H) 

- Constant head (CH) 

- Porosity 

- Longitudinal dispersivity (Alpha L) 

- Transverse dispersivity (Alpha T) 

- Vertical dispersivity (Alpha Z) 

- Distribution coefficient (Kd) 

- SP2 

- Decay coefficient [this is ln(2)/half-life and not half-life directly] 

- Soil decay coefficient 

- Recharge concentration (R Conc) 

- Horizontal flow barrier conductance (HFB) 

- Constant concentration (Const C) 

- Elastic Ss 

- Inelastic Ss 

- Recharge multiplier [R Mult – the “zone” number in this case is stress period number] 

- van Genuchten Alpha parameter 

- van Genuchten Beta parameter 

- Residual saturation (R Sat) 

- Brooks-Corey exponent (Brook) 

- Lake evaporation (Lk evap) 

- Lake precipitation (Lk precip) 

- Lake runoff (Lk runoff) 

 

To the right of the parameter type combo box is a column called “Use” and then the zone number or reach 
number of the parameter.  For anisotropy, this value is the layer number to estimate or zone if the 
horizontal anisotropy is variable by cell.  The “Use” option means that the parameter will be added to the 
PEST input file.  If you do not check the “Use” column, then that parameter will be ignored by 
Groundwater Vistas.   

To the right of the “Zone” column are two columns of data for the parameter minimum and maximum 
values.  PEST will honor these bounds.  You must make sure that the current value of the parameter (as 
defined in Groundwater Vistas) lies within these bounds. 

The following data are also entered on this dialog for each parameter: 

 Parameter Transformation   PARTRANS 
 Parameter Limit Type   PARCHGLIM 
 Regularize    See discussion below on regularization 
 Component    Component number for transport properties 

The parameter’s initial value (PARVAL1) is taken from the GV database or boundary condition definition 
(i.e., the information you entered when setting up the model).  The SCALE and OFFSET variables are 
fixed by GV at values of 1.0 and 0.0, respectively.  Note that when using Log as the transform, you must 
choose FACTOR as the limit type. 



Groundwater Vistas Version 7 Page 372 

PEST assigns parameters to groups.  Options for groups are modified by selecting Model|PEST|Groups.  
Consult the PEST manual for more information on groups. 

 
Parameter group data are entered in the same manner as parameter types.  You first enter the parameter 
group that you would like to edit.  Next, a dialog is displayed where you enter the data for the specified 
group.  These data include the following: 

 Increment Type    INCTYP 
 Parameter Increment   DERINC 
 Parameter Increment Lower Bound  DERINCLB 
 Derivative Type    FORCEN 
 Derivative Increment Multiplier  DERINCMUL 
 Derivative Method   DERMTHD 

Parameters can be tied so that adjustment of one parameter also scales another parameter.  This is edited in 
GV using Model|PEST|Tied Parameters spreadsheet shown below.  In the example below, the Kz zones 
are tied to the Kx zones.  This means that only Kx is estimated and then Kz values are scaled as PEST 
estimates Kx.  One important note on this spreadsheet is that you must not change the parameter names or 
zones in the 2 left-most columns in this spreadsheet.  These come from the Pest parameters spreadsheet 
shown above. 
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Notes on PEST Parameters 
PEST works by using a template file that is a copy of the MODFLOW file containing parameters to be 
estimated.  The parameters are replaced by a special code that tells PEST where to get the parameters.  This 
means that the parameters to be estimated must be the ones written to the MODFLOW file (usually the 
BCF Package file or boundary condition files).  This presents some problems that you need to be aware of.   

Transmissivity of Confined Layers in BCF Package 
The first problem is transmissivity in confined layers in the BCF Package (note: this is not a problem with 
the MODFLOW2000 LPF Package).  GV uses hydraulic conductivity and layer thickness to compute 
transmissivity.  When you try to estimate horizontal hydraulic conductivity with PEST, the layer thickness 
within a particular conductivity zone may not be constant and therefore the transmissivity will not be 
constant.  PEST will assume, however, the parameter is constant.  To overcome this problem, we have 
added a preprocessing step before MODFLOW runs.  In previous versions of GV, you needed to use a 
layer type of 3 (unconfined) instead of 0 (confined).  This limitation is no longer needed. 

If you have any confined layers or if you are estimating vertical hydraulic conductivity, you must  write the 
BCF information to an external file.  GV will then run a preprocessor before the PEST run that will 
compute transmissivity and VCONT.  To turn on this option, select Model|PEST|Options.   

The last option on this dialog (Write BCF Arrays as External Files) allows you to estimate K of a confined 
layer without having to convert from Type 0 to Type 3. 

Vertical Hydraulic Conductivity in BCF Package 
GV provides you the option of estimating vertical hydraulic conductivity; however, MODFLOW does not 
use this parameter in the BCF Package (note: this is not a problem in the MODFLOW2000 LPF Package).  
Rather, a vertical conductance term called VCONT (leakance in GV) is used by the BCF package.  The 
VCONT term is computed from vertical hydraulic conductivity, and like transmissivity, is not a constant 
value when layer thickness changes. 
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When you try to estimate vertical hydraulic conductivity, GV places the appropriate PEST code in the 
VCONT array.  This will only work if the leakance value is constant within the Kz zone being estimated.  It 
is better while calibrating the model to use the Leakance parameter in GV.  This approach allows PEST to 
estimate the leakance values directly. 

One way around this problem is to use external arrays as described above for hydraulic conductivity. 

Boundary Conductance 
GV allows you to estimate boundary conductance within a given reach for a specific boundary type.  In 
order to work properly with PEST, however, the conductance term must be constant within the reach being 
estimated.  There is currently no work-around for this limitation. 

Running PEST 
Just like making a MODFLOW run, you start by making the PEST input files.  Select Model|Pest|Create 
Datasets to write the files required for the PEST simulation.  This menu selection only creates the PEST 
control file, the template file(s), and the instruction file. PEST also needs the MODFLOW files from the 
last model run.   It is good practice to recreate the MODFLOW (and MT3D if using concentration targets) 
after making the PEST input files.  This makes sure that all files are up to date.     

The easiest way to run PEST is to simply select Model|PEST|Run PEST.  You can also run it from the 
command line.  It is actually best to run PEST from the command line so that you see any error messages if 
the run fails.  To run PEST this way, first open a Command Prompt (DOS window) in the working 
directory.  If you are using Windows 7 or later, run Windows Explorer (File Explorer), expand the 
directories so you see the working directory in the right pane.  Hold down the shift key and right-click the 
working directory name.  Choose “Open Command Prompt Here”.  In the very latest version of Windows 
10 (called the Creators Edition), this is called a Power Shell.   

A good practice is to check the PEST input file for errors before trying to run PEST.  PEST comes with a 
program called pestchek which does this for you.  Simply select Model|Pest|Run Pestcheck or type the 
following at the command prompt: 

PESTCHEK root.pst 

If there were any errors, PESTCHEK will display them on the screen.  You can either correct the problem 
in a text editor or go back into GV to fix the error.  Warnings reported by PESTCHEK are ok.  But errors 
mean that PEST will not run. 

PEST creates an output file in text format.  The name of the file is root.rec where root is your root file 
name for MODFLOW simulations.  You should view this file in an editor to review the results of the 
simulation.  The PEST manual provides information on how to interpret the results of a simulation.  
Essentially, you should be looking for new parameter values that improve the calibration statistics in your 
model.  If these new values appear to be reasonable, you should open your model in GV and change the 
parameter values in the database.  In the case of boundary conditions, you would change the conductance 
data for the reach you were estimating. 

Updating Parameter Values 
There is an automatic way to update the parameters after a PEST simulation.  Simply select 
Model|PEST|Update Parameters.  GV will then look in the root.par file for the final set of parameter 
estimates.  You can view this file using Model|PEST|View Files|Parameter Esimates if you want to 
check the values before updating.  Note that when using pilot points, GV will not use the par file but rather 
it will use the point*.dat files that contain the pilot point values.  There may be several of these files 
depending on how many pilot point types you are using and number of layers in the model.  After updating 
parameters from a PEST run, we recommend using File|Save As to create a new version of your model. 
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Using Pilot Points with PEST 
In traditional groundwater model calibration, hydraulic conductivity is estimated in a series of piece-wise 
homogeneous zones.  Each zone may have a different hydraulic conductivity (K) but the distribution of K 
within each zone is constant.  The problem is how to define the number and location of zones.  In some 
cases, there is good geologic evidence for the location of zones, but in many cases it is based on intuition 
more than anything.  The following figure is an example of a zone-based hydraulic conductivity 
distribution. 

 
Another way of calibrating distributed parameters like K is to use a technique known as pilot point 
calibration.  In this type of calibration, each pilot point is a parameter that can have a unique value of K.  
The set of pilot points is then interpolated to the model grid to create a heterogeneous distribution.  The 
degree of heterogeneity and the values of K are determined by matching the calibration targets.  In this 
way, the head distribution is used to inform the calibration process where the changes in K should be.  The 
following figure depicts the same model area with a set of pilot points instead of zones.  The red symbols 
are the pilot point locations.  These pilot points have been placed in the model in a uniform grid pattern.  In 
Groundwater Vistas, you may also place pilot points using triangulation of calibration targets, individually 
by clicking the mouse, importing from text and shapefiles, and they may be place right on top of calibration 
targets.  There is also a function to fill in gaps between pilot points. 
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After calibrating this set of pilot points, the hydraulic conductivity distribution is shown in the next figure.  
Each cell in this model has a different hydraulic conductivity value but it is the pattern that is important.  
The nice thing about this technique is that it usually works rather quickly.  Thus, your task is not so much 
the tedious mechanics of calibration, but rather the interpretation of the results.  That is, does the K 
distribution make sense? 

 
Pilot points can be combined with zones such that some zones have an interpolated pilot point distribution 
and some remain homogeneous.  To obtain a homogeneous K value in a zone, simply place one pilot point 
in that zone.  The first pilot point example in the Tutorial manual describes this situation. 
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Adding Pilot Points 
The first step in applying pilot points to a calibration is to set up zones where K will be interpolated.  If you 
want to interpolate an entire layer, just make sure there is only one K zone in that layer.  Next, add pilot 
points to the model.  Pilot points can represent horizontal hydraulic conductivity (Kx), vertical hydraulic 
conductivity (Kz) (or leakance in the BCF package), storage (S or Ss), Sy, porosity, or recharge.  Pilot 
points are added in Groundwater Vistas on the AE|Pilot Points menu.  These automated methods of adding 
pilot points include: 

 Quick Pilot Points along a regular grid 

 Triangulation of calibration targets 

 Fill in the Gaps in the pilot point distribution 

 At calibration target locations 

You may also add pilot points manually or import them from a shapefile using AE|Import|Shapefile.  Use 
the “Target” shapefile type since pilot points use the target object in GV.  Pilot points are simply a special 
type of calibration target.  An example target dialog for a pilot point is shown below. 

 
The target type in this example is Pilot Point (Kx).  The target value is the initial estimate of the hydraulic 
conductivity at this point.  The bounds represent the minimum and maximum value of K at this point.  The 
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name of the pilot point is very important.  It must be unique and it must be less than or equal to 10 
characters.  It is best to use a 2-letter prefix denoting the type of pilot point followed by a sequence number.  
This is the strategy used in the automated methods of adding points.   

In most cases, you will be using a large number of pilot points.  Remember, though, that each point is a 
parameter that will require one or two model runs per iteration.  You need to be careful not to add too many 
or the calibration will take a very long time to complete.  Each of the automated methods of adding pilot 
points are explained in the following sections.   

Quick Pilot Points 
The Quick Pilot Points command enters the pilot points in the current layer in a grid pattern.  The following 
dialog is displayed. 

 
The pilot point type can be Kx, Kz, Storage (Ss or Sy), porosity, or Recharge.  Kz is also used for leakance 
if you are not using Kz to compute leakance (i.e. in the BCF Package).  The prefix and starting pilot point 
number are used to name the pilot point.  Each pilot point must have a unique name.  Using the example 
above, the first point added will be called Kp1.  The number will be incremented by one as new points are 
added.  The group number is just used to make deleting and copying points easier but is not used by Pest 
during calibration. 

The pilot point value is the initial property value assigned to the pilot point.  This must be a realistic value 
so that the model will run and converge.  You can reset the initial value to what is currently in the model by 
using AE|Modify|Pilot Points|Reset from Database.  The minimum and maximum values are the bounds on 
the pilot point parameter.  Pest will not estimate a value beyond these bounds.  Bounds can also be reset 
using AE|Modify|Pilot Points|Bounds.   

The distance between points is used to create a grid of points within the K zones defined at the bottom of 
the dialog.  The distance can be either a real distance (e.g. feet) or number of rows and columns. 

Once you add the pilot points, you can move them around by clicking on them with the mouse and holding 
down the left mouse button.  You can also delete some or all of the new pilot points. 

Target Triangulation 
In target triangulation, Groundwater Vistas will first connect your calibration targets (head, drawdown, 
flux, and concentration) to form a network of triangles.  You can then place the pilot points at the center of 
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each triangle and/or at the midpoints of the sides of the triangles.  You have the option to omit triangles that 
are too small or too thin.  Please note that if you have targets at the same location or very close to each 
other you might want to remove them as they may cause the triangulation function to fail.  Create a version 
of your model with fewer head targets, do the triangulation, then export the pilot points (AE|Export|Target 
Text File) and import to the original model again. 

 
An option in the center of the dialog allows you to create a comma-delimited text file containing the pilot 
points.  If you choose this option, pilot points will NOT be added automatically to the model.  You must 
import the text file that is created.  This gives you the chance to see if you agree with the number and 
location of the new pilot points. 

At the bottom of the dialog you control the name of the pilot points through the Prefix and sequence 
number.  Pilot points are named as Prefix### where ### is the sequence number that is incremented by 1 
each time a new point is added.  So, for example, if your prefix is Kp and your sequence number starts with 
1, the first point would be Kp1.  Remember that pilot points must all have unique names, even if they are 
different types of pilot points.  You must also give the pilot point a reasonable default value and a 
minimum and maximum value.  Pest will not allow the pilot point value to go beyond these minimum and 
maximum values. 

When you click OK, GV will run an external program to triangulate the target data and either add the pilot 
points to the model or write them to a file. 

At Target Locations 
It is often advantageous to add pilot points directly at the locations of your calibration targets.  This 
command does just that.  You determine which type of target to use (Head, Drawdown, Flux, 
concentration) and the type of pilot point.  You can operate on all layers or just the current layer.   

As with target triangulation, you can export the pilot points to a file instead of adding them directly to the 
model. If you choose this option, pilot points will NOT be added automatically to the model.  You must 
import the text file that is created.  This gives you the chance to see if you agree with the number and 
location of the new pilot points. 
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At the bottom of the dialog you control the name of the pilot points through the Prefix and sequence 
number.  Pilot points are named as Prefix### where ### is the sequence number that is incremented by 1 
each time a new point is added.  So, for example, if your prefix is Kp and your sequence number starts with 
1, the first point would be Kp1.  Remember that pilot points must all have unique names, even if they are 
different types of pilot points.  You must also give the pilot point a reasonable default value and a 
minimum and maximum value.  Pest will not allow the pilot point value to go beyond these minimum and 
maximum values. 

Fill Gaps 
In many cases, adding pilot points using the other techniques (e.g. triangulation, quick pilots, or at target 
locations) will leave gaps in the pilot point coverage, especially around the edges of the model.  You should 
have pilot points between your calibration targets and model boundaries to regulate the inflow and outflow 
of groundwater to/from there boundaries. 

By filling gaps, you place pilot points at the center of grid cells that do not have a pilot point within so 
many cells or within a certain distance (see top of dialog for this option).  You can fill gaps in the current 
layer only or in all layers.  You can also only fill gaps in certain hydraulic conductivity zones. (see “Assign 
to Zones” on dialog). 

 
As with target triangulation, you can export the pilot points to a file instead of adding them directly to the 
model. If you choose this option, pilot points will NOT be added automatically to the model.  You must 
import the text file that is created.  This gives you the chance to see if you agree with the number and 
location of the new pilot points. 
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At the bottom of the dialog you control the name of the pilot points through the Prefix and sequence 
number.  Pilot points are named as Prefix### where ### is the sequence number that is incremented by 1 
each time a new point is added.  So, for example, if your prefix is Kp and your sequence number starts with 
1, the first point would be Kp1.  Remember that pilot points must all have unique names, even if they are 
different types of pilot points.  You must also give the pilot point a reasonable default value and a 
minimum and maximum value.  Pest will not allow the pilot point value to go beyond these minimum and 
maximum values. 

Editing Pilot Points 
There are several automated ways of modifying the starting pilot point values (e.g. Kx, Kz, etc), the bounds 
on each pilot point, the name of the points, etc.  These options are found on the AE|Modify|Pilot Points 
menu. In addition, you can delete all pilot points at once by first selecting them (Edit|Select All|Targets) 
and then pressing the Del key or using Edit|Delete.  You many need to do this if you made a mistake in 
entering the pilot points.  

The AE|Modify|Pilot Point|Bounds command modifies the bounds on pilot points.  Bounds are minimum 
and maximum values that constrain what values Pest can estimate for each pilot point.  You can constrain 
the modification to a range of layers, range of groups, and/or range of zones.  You can also make the 
bounds a multiplication factor on the pilot point parameter value (e.g. Kx or Kz). 

 
The second option modifies the initial value of the pilot point.  This is the starting point for hydraulic 
conductivity or storage in the model calibration.  The AE|Modify|Pilot Points|Initial Value option on the 
AE menu resets just a default value that is constant for a set of pilot points.  You can constrain the 
modification to a range of layers, range of groups, and/or range of zones. 
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The next two modifications are the same as those on the Model/Pest/Reset Pilot Points menu.  You can 
reset the pilot points to the results of the last Pest run or you can reset them to the property values in the 
property database. 

The last option renumbers pilot points.  A common problem with pilot points is duplication of a pilot point 
name.  When this happens, creation of the Pest input files will fail.  Rather than search for the duplicate 
names, it is often easier to just rename them all.  Using this command, you choose the pilot point type, the 
prefix, and a starting sequence number.  Each pilot point of the selected type will receive a new name that 
is prefix plus sequence number. 

If you do end up with duplicate names, you can quickly rename all points using AE|Modify|Pilot 
Points|Renumber Pilot Points. 

 

PEST Pilot Points Options 
After adding pilot points to the model, there are several Pest options that need to be set to use them.  Select 
Model|Pest|Options.  Check the option called “Include Pilot Points” and the one called “Write Arrays as 
External Files”.  Those two options are necessary for pilot point calibrations.  It is also a good idea to run 
models without screen output so you can see the output from Pest.  Using command-line versions of the 
models will also keep the ESI modflow windows from flashing up on your screen as Pest runs. 
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There is a second pilot point option called “Krige by zone (regardless of layer)”.  When that option is NOT 
checked, pilot points are interpolated using kriging only within the layer containing the pilot point.  
Checking this option, on the other hand, will collect all pilot points within the same zone, regardless of the 
layer containing the point.  The points are then kriged as a group.  The resulting distribution is applied to all 
cells containing that zone number.  This is useful if a geologic unit is contained within multiple layers but 
should have a continuous K field. 
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Pilot Point Interpolation 
In the previous discussion, we describe the fact that pilot points are interpolated to the model grid.  The 
technique used by Groundwater Vistas is called kriging.  Kriging is a geostatistical technique and uses John 
Doherty’s utility programs fac2real and ppk2fac (or PLPROC as described below for MODFLOW-USG).  
The options for the kriging of pilot points are shown on the Structures tab under Pest Options.   

 
A different structure (variogram) can be used for each zone being kriged.  Click the “next” and “previous” 
buttons to access the full list of structures.  The Pest tutorials provide additional information on structures.  
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If you are do not have much experience at kriging and the use of variograms, the important concepts 
include: 

• Exponential variogram is often a good choice and Log transform should be used 

• Alpha (A) should be about 20% of the size of the zone being kriged 

• Anisotropy and Contribution should be 1 

• Search radius should be large enough that every cell being kriged will be within this distance of 
the minimum number of pilot points. 

These are just guidelines to give you a smooth interpolation, but should suffice in most cases. 

Regularization and Pilot Points 
One problem that can come up when using pilot points is that the number of points may exceed the number 
of calibration targets (observations).  In the Gauss Newton algorithm used by Pest, the number of 
observations must be greater than the number of estimated parameters.  To get around this problem, Pest 
has a technique called regularization (or regularisation in Australian).  Regularization adds prior 
information which act like additional observations.  The regularization equations either attempt to keep the 
kriged distribution homogeneous (called preferred homogeneity) or they try to keep the pilot point values at 
their initial estimate (preferred value).   

To activate regularization in Groundwater Vistas, use Model|Pest|Options and check the option called 
“Regularize Parameters”.  Then click on the Regularisation tab.  The important options on this tab are the 
regularization type (Preferred Homogeneity or Preferred Value), the upper limit on the measurement 
objective function (PHIMLIM) and acceptable measurement objective function (PHIMACCEPT).  The 
other values on this dialog are usually fine at their default values.  Please consult the Pest manual for more 
information on them.  PHIMLIM is the objective function (sum of squared weighted residuals) that you 
would like to achieve.  It should be realistic to avoid over-fitting during calibration.  An easy way to 
estimate PHIMLIM is to come up with an acceptable residual (error) at each observation, square it, and 
multiply by the number of observations.  You will also gain insight into this value as you calibrate and see 
what Pest can achieve.  PHIMACCEPT should be slightly higher than PHIMLIM. 

In preferred value regularization, the base parameter values (those that are entered on your pilot point 
dialogs in GV) are the preferred state of the calibration.  This style of regularization tells PEST to not 
change these values unless it is necessary.  You would use this type of regularization in cases where you 
have a good understanding of the field parameter values.  In preferred homogeneity, on the other hand, you 
are telling PEST that you would like to keep each zone as homogeneous as possible.  The regularization 
type you choose is used for all pilot point types in your calibration. 

Other Pilot Points Options 
There is a pilot points tab on the PEST Options dialog.  This tab has a few more options related to how GV 
uses pilot points in PEST. At the top of this dialog are a set of checkboxes for each pilot point type.  
Checking a box means that pilot point type will be estimated as a multiplication factor field instead of the 
actual value.  The pilot point values, in this case, should be multipliers with a value of 1.0 indicating that 
the parameter values in the model should not be changed.  Bounds are also multiplication factors.  In using 
this technique, pilot points are kriged and then multiplied by the current property field (e.g. Kx or Kz) using 
the PEST utility program twoarray.  This is a useful technique when you start with a heterogeneous 
property field in the model and you want to maintain its structure while warping it a bit to improve the 
calibration. 

Below the multiplier checkboxes is an area where you can put in a global minimum and maximum value on 
pilot point fields.  In kriging it is possible to interpolate values that are higher or lower than the bounds you 
place on the pilot points.  The option shown here will keep that from happening. 
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The final options on this dialog are for recharge pilot points.  Normally recharge pilot points are assumed to 
be the same for all stress periods.  By turning on the option “Recharge Pilot Points are Transient”, you can 
estimate unique recharge fields for each stress period or groups of periods.  Please note, however, that this 
significantly increases the number of parameters.  If you have 100 recharge pilot points and you estimate 
10 different stress period groups, you will actually have 1,000 pilot points for recharge.   
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In the following example, 5 stress period groups are chosen.  By clicking the “Stress Period Groups” 
button, you will see a spreadsheet where you enter the beginning and ending stress period number for each 
group. 

 
GV will use all of your recharge pilot points to estimate unique recharge values for each of the groups.  In 
the second group above, one recharge matrix interpolated from pilot points will be used for stress periods 2 
through 5.  Thus, these 4 stress periods will have the same recharge distribution. 

Singular Value Decomposition (SVD-Assist) 
One of the biggest problems with use of pilot points in Pest is model run time.  Each pilot point is a 
parameter.  Each parameter in Pest requires one or two model simulations per iteration.  If you have 1,000 
pilot points, that equates to 1,000 model simulations (or 2,000 if central differencing is applied) per 
iteration.  Numerous iterations are often required for each calibration run.  If the model takes a few minutes 
to run, that is a very long time to wait for the calibration to finish. 

Another problem with using this many parameters is that many of the parameters may be insensitive, which 
causes the estimation to either to be very slow or to fail altogether.  A procedure called singular value 
decomposition (SVD) has been added to Pest to help alleviate both situations.  SVD is implemented using a 
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Pest utility called SVD-Assist (SVDAPREP.exe).  This utility reformulates the calibration to estimate a set 
of “super-parameters” which are a linear combination of the “real” parameters.  The set of super-
parameters is usually much smaller (e.g. 10%) of the total number of parameters.  Thus, run time is reduced 
significantly. 

The procedure you need to follow in using SVD-Assist is as follows: 

• Make one Pest iteration for all parameters (called the sensitivity run) and stop 

• Run SVDAPREP to create a second Pest control file using super-parameters 

• Run Pest with this new control file 

• Run a utility called PARREP to get the final “real” parameters from the super-parameter values 

• Run Pest with zero iterations (essentially one model run) to get final parameters and model results 
that Groundwater Vistas can import. 

All of this must be done at the command line, which can be quite tedious. 

In the advanced version of Groundwater Vistas (or the Professional and Premium versions as well), there is 
an automated way of using SVD-Assist.  This is located on the Model|Pest|SVD Assist menu.  Simply start 
at the top of the menu and select each function once.  Select these commands in the sequence shown on the 
menu. 

 
The only optional step is “Launch SUPCALC”, which provides some guidance on how many super 
parameters to select.  If your values of PHIMLIM and PHIMACCEPT are not very good, SUPCALC can 
give poor guidance on number of super parameters.  Sometimes starting with 10% of the total number of 
parameters is just as good. 
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At the bottom of the SVD Assist menu are two commands to stop and restart the Pest run.  You may use 
these as necessary but they are not required in the SVD-Assist procedure. 

The second pilot point example in the GV6 Tutorial Manual shows how to implement SVD-Assist. 

Null Space Monte Carlo 
Another powerful new feature in Pest is called Null Space Monte Carlo.  In this procedure, you can create 
any number of calibrated versions (called realizations) of your model.  The Null Space Monte Carlo 
technique is designed to work on a model calibrated using SVD Assist with many parameters, as in a pilot 
point calibration.  While pilot points are not required for Null Space Monte Carlo, a large number of 
parameters is a requirement.   

Null Space Monte Carlo would be used after finalizing a calibration using SVD Assist.  The procedure then 
uses the following steps: 

Set Options.  There are some options to set prior to running the Null Space Monte Carlo simulation.  You 
need to reset the number of super parameters to be the same as you used in the previous SVD Assist run, 
for example.   

Get Covariance Matrices.  This step is only needed when you are using the random method for generating 
new pilot point values or if you have non-pilot point parameters in the calibration.  If neither of these two 
situations are true, then GV will gray out this menu selection. 

Update Jacobian Matrix.  Remember that the Jacobian matrix is the matrix of sensitivities where the 
change in residual at each observation is divided by the change in the parameter value.  When you run SVD 
Assist, the Jacobian Matrix is based on the initial parameter values.  Pest needs to update this matrix using 
the final parameter values after the calibration is finished.  Thus, this step will require one model run per 
parameter. 

Generate Realizations.  A realization is a set of parameters based on the original calibration but modified 
using either a random number generator or a geostatistical field generator.  It is not clear which is better as 
this technique is so new.   

Calibrate Realizations.  The realizations generated in step 4 will generally result in a degradation in model 
calibration.  Pest is now run through a large batch file to tweak each realization back into calibration.  Only 
a couple of iterations are allowed to keep run time to a reasonable level so that some realizations might not 
be accepted in the end. 

Now, considering that most of these tasks need to be done at the command line, this makes Null Space 
Monte Carlo even more difficult to implement than SVD Assist.  As with SVD Assist, however, 
Groundwater Vistas has been configured to make this as simple as possible.   This new menu is under 
Model|Pest|Null Space Monte Carlo.  As with SVD-Assist, the standard version of Groundwater Vistas 
does not support this technique.  The menu for Null Space Monte Carlo is shown below: 
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When using the Null Space Monte Carlo, you first calibrate your model using SVD Assist as described in 
the last section.  Then you update parameters so that the pilot points and|or other parameters are set to the 
calibrated values.  Next, use the Null Space Monte Carlo menu and start at the top, executing each menu 
item in turn as you work your way down.  The best way to see how this technique works is to follow along 
with the example in the Tutorial manual. 
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BeoPest & PEST_HP 
Beopest is a special version of Pest that allows you to make many runs simultaneously across a network or 
within the same computer. PEST_HP is the latest update to BeoPest and Pest that works in a similar 
manner but has been optimized for better performance.  PEST_HP is a commercial version of PEST and 
must be purchased as an add-on to Groundwater Vistas.  In the explanation below, the term BeoPest is 
used.  However, all options also apply to PEST_HP. 

Groundwater Vistas assists you in setting up a Beopest run but cannot launch the Beopest run. You must be 
familiar with using the command prompt (DOS window) or PowerShell to use BeoPest.   

The first step is to select Model|Pest|BeoPest|Options. 

 
The first option determines whether you want to run the 64-bit version of Beopest. Unchecking this box 
will run the 32-bit version. Note that you can run the 32-bit version on a 64-bit computer. 

The "copy working directory" option will copy all files in the working directory to the remote directories. 
These are defined by selecting Model|Pest|BeoPest|Directories. When using this option, it is best to also 
use the next two options to include all program files and to delete model output. The latter can be huge and 
will cause the copy command to take a long time. Including the programs will facilitate the use of cloud 
computers or computers without a GV license, because you will only need to copy the directory contents 
and not have to install anything else. The latter will only work, though, if you use command-line versions 
of the models. 
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The next two items on the Beopest options dialog define the Master Beopest computer. This is the 
computer that will direct the Pest simulation. You must know the IP address of this computer and specify a 
port number that Beopest will use to communicate with other computers. To get the IP address of the 
master computer, open a console window and type IPCONFIG and hit Enter. The IP address should be 4 
sets of numbers separated by ".". For example, 192.168.1.35 would be a valid IP address.  The default port 
number of 4004 works in most cases. 

The bottom of the options dialog is for use with PEST_HP.  To use PEST_HP instead of beopest, simply 
check the box that says “Use PEST_HP instead of beopest”.  There are four additional options at the 
bottom of the dialog that tell PEST_HP how long to run and how long to wait for problem computers.  
PEST_HP uses slightly different terminology than beopest.  In beopest, the Master controls the calibration 
and the Slaves make the actual model runs.  In PEST_HP these are called the Run Manager and the Agents. 

Values are provided for the SOFTSTOPHOURS or HARDSTOPHOURS variables by including the string 
“softstophours = value” or “hardstophours = value” anywhere on the ninth line of the PEST control file; 
value must be replaced by a number specifying PEST_HP timeout in hours. Suppose that 
SOFTSTOPTHOURS is provided with a value of 24.0. Then the PEST_HP manager will cease execution 
on the first occasion that it begins a new iteration of the inversion process following the passing of 24 hours 
since the commencement of its execution.  If HARDSTOPTHOURS is set to 24.0, then the PEST_HP 
manager will cease execution 24 hours after commencement of its execution; regardless of the current 
status of the inversion problem solution process. 

The Slow Run Restart Factor (RUN_SLOW_FAC) is used to calculate the elapsed time at which a model 
run is deemed to be overdue; in assuming the worst (namely communications failure with the pertinent run 
agent), the run manger then assigns the overdue model run to the fastest available idle agent. The elapsed 
time at which a model run is deemed to be overdue is calculated as RUN_SLOW_FAC times the 
anticipated model run time on the agent to which the model run is assigned. 

The way in which the Run Abandonment Factor (RUN_ABANDON_FAC) is employed in parallel run 
management is a little different from that in which the RUN_SLOW_FAC variable is employed. Suppose 
that the slowest model run of the present package has taken N seconds to complete. 
RUN_ABANDON_FAC will abandon all non-completed runs after a further N × RUN_ABANDON_FAC 
seconds have elapsed if no further runs have reached completion in the meantime. In contrast if, over this 
time, another model run reaches completion, then N is re-set and a new agent-abandonment threshold is 
calculated. (It is apparent from this strategy that tolerance for late model runs increases as PEST_HP 
discovers that lateness is the norm for the current parallel run package.) 

Each BeoPest slave must run in a separate directory. Select Model|Pest|BeoPest|Directories to define up to 
100 directories on the current computer or on networked computers. Simply type the full path to the 
directory or click the browse button to find a directory. 
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The directories defined on this dialog are only really used if the "use" flag is checked and the option to 
copy files is selected under Model|Pest|BeoPest|Options. Under those conditions, GV will copy all files 
needed for the Pest run to each directory. GV will not, however, try to launch BeoPest. BeoPest must be 
run manually on each slave (agent) and master (run manager) location. 

The Beopest Setup command performs the tasks outlined under Model|Pest|BeoPest|Options. These tasks 
include (if selected), delete model output files, copy executable programs needed in the Pest run to the 
working directory, and copying the contents of the working directory to slave directories (defined using 
Model|Pest|BeoPest|Directories). If the copy option is selected, this could take quite a bit of time to 
accomplish so be patient. 

GV also creates a text file called readme.txt and places this in the working directory. The readme file 
explains the options you selected in setting up the BeoPest simulation and summarizes what was 
accomplished. This file will be displayed in a text editor after the BeoPest setup is finished 

Several batch files are created to help make running BeoPest a bit easier. These batch files include 
RunMaster.bat which should only be used in one of the working directories. This is the master run or 
PEST_HP run manager, which utilitizes one or more slave (agent) runs. The file RunSlave.bat is run in 
each of the slave directories. Two other batch files with the same name but with "svd" attached to the name 
are used if you have run SVD-Assist (SVDAPREP utility) through Groundwater Vistas. If this is not an 
SVD run or if you did not use Groundwater Vistas to create an SVD run, do not use these batch files. 

If you are using BeoPest/PEST_HP with SVD-Assist, then you would not use the Launch Sensitivity Run 
or Launch SVD Run options from the menu.  Rather, you would manually make these runs using command 
prompts and the batch files that GV creates.  However, if you are using BeoPest/PEST_HP for a non-SVD 
calibration, you still have to get the final parameter values into a final model run that GV can process and 
update.  To do this you would use Model|PEST|Beopest|Create Final Run.  This is analogous to the final 
run used in SVD-Assist.  This final run is made in the working directory, which is assumed to be the 
location of your Master (run manager) run. 
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Using PEST with MODFLOW-USG 
All of the techniques and procedures described previously in this chapter apply to MODFLOW-USG.  
There are really only two differences that happen behind the scenes.  If you never look at the various batch 
files created by GV to make the PEST runs, then these differences are not apparent.  The first difference is 
that instead of using targpest.exe to summarize model output at target locations, a new program called 
targpestu.exe has been created.  TargpestU does the same thing as targpest, but works with the unstructured 
grids.   

The second difference is that instead of using PPKFAC and FAC2REAL for kriging, GV uses PLPROC 
instead.  PLPROC is quite complex but does the same thing as these other two utilities.  GV writes one 
PLPROC script for each pilot point type in the calibration.  It uses the same Structures data to perform the 
kriging.  However, there is one additional option, as shown on the Pilot Points options tab described 
previously,  There is an option to “Use Automated Krigin in PLPROC”.  In the automated kriging 
technique, PLPROC generally does a better job of interpolating the pilot points where there is a difference 
in pilot point density throughout the model.  Since this is quite often the case, use of automated kriging can 
work a lot better than ordinary kriging. 

PEST Graphics 
PEST creates a variety of files for producing graphical output.  GV supports some of these files by 
selecting Plot|Calibration|PEST.  The menu contains three choices: 

Final Sensitivities 

Iteration Sensitivities 

Parameter Summary 

The Parameter Summary option scans through the PEST output file (root.sen) and then plots the relative 
change in parameter value versus iteration number.  An example plot is shown below.  This is a handy 
feature to see how parameters changed throughout the PEST run. 

 
The sensitivity plots create a bar chart where the height of each bar is proportional to the sensitivity 
coefficient of each parameter either for the final sensitivities or for any iteration depending on which menu 
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you choose.  The sensitivity coefficients are useful in identifying those parameters that are insensitive.  
Insensitive parameters should not be estimated during model calibration.  The value of the sensitivity 
coefficient is not important, only the relative sensitivities of all parameters. 

 
If you have trouble getting PEST to improve the calibration, one of the first things to check is the relative 
sensitivity of each parameter.  Those parameters that are very insensitive (e.g. dr0 – drain reach 0 
conductance above) should not be estimated.  Go to Model/Pest/Parameters and uncheck the “Use” field 
of all insensitive parameters and try again. 

Using MODAC 
What is MODAC?  MODAC is a calibration tool now offered with Groundwater Vistas.  MODAC has 
been used for many years by the authors and others but has not been available to the general modeling 
community until now.  The program is unique among inverse models in that it calculates a hydraulic 
conductivity value for every cell in the model (or in selected layers) using starting heads as the calibration 
target.  This means that you first assemble starting heads to match your “conceptual model” of the aquifer 
system.  MODAC will then choose a hydraulic conductivity field to match those heads.  This is somewhat 
like PEST’s pilot point technique with two exceptions.  First, you are not calibrating to heads at points 
(wells) but also to interpreted heads in areas without data.  Second, MODAC performs the calibration very 
quickly in comparison to other inverse techniques.  In the pilot point technique, for example, you may need 
several hundred pilot points, requiring one run for each point for each iteration.  MODAC, on the other 
hand, requires only one model run per iteration regardless of the size of the model. 

Registering MODAC.  You are free to use MODAC until the end of 2004.  At that time, there may be a 
charge for the use of MODAC but the amount has not been determined at this time.  Although use of the 
software is free, you still need to register it separately from Groundwater Vistas.  To do this, install 
MODAC (the installer is by default in gwv5\MODAC\setup.exe) and run it for the first time.  Select 
File/Register and email the system code to support@groundwatermodels.com.  We will return a security 
code to unlock the program. 

Using MODAC.  It is recommended that you read the MODAC manual to become familiar with how it 
works.  In the manual, the authors stress a good conceptual model.  What this means is that you need to 
come up with a set of starting heads that represent your understanding of the aquifer system. 
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MODAC is used like most other models in Groundwater Vistas.  First, design and set up your model as 
usual.  Be sure to use MODFLOW8896 as the version because MODAC does not work with 
MODFLOW2000.  The only extra step is to make sure that your starting head values represent the water 
table and/or potentiometric surfaces you wish to match during calibration.  The ideal way to do this is to 
first interpret water table and or/potentiometric surface based on measured heads and your understanding of 
hydrogeologic conditions, and then input the contours into  a program like SURFER or GIS.    Then import 
SURFER grid file or Arcview shape file  into Groundwater Vistas as the new Initial Heads property.  Once 
the starting heads are in the Vistas design, you may modify them if you need to very easily.  To use the 
Initial Heads property as starting heads in your model, select Model/MODFLOW/Package Options – Initial 
Heads tab and set the dropdown menu at the top so it reads “Use Initial Heads Property Data”.  That is the 
hardest step in using MODAC.  After that, the rest is easy.  (Note: MODAC is limited to steady-state 
models right now). 

After creating the model and adding your calibration starting heads, you run MODAC from the 
Model/MODAC menu.  You should first scan through the various MODAC Options.  The first is 
Model/MODAC/General Options: 

 
 Here you select the optimization methods, number of iterations, whether to calibrate to boundary 
conductance in addition to K, and the path to the MODAC program.  If you installed MODAC in the 
default location and are only estimating K, then you most likely won’t need to modify the data on this 
screen. 

The next option is for each layer in the model.  Select Model/MODAC/Layer Options.  
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This is a spreadsheet with one row for each layer of your model.  The “Match” heading refers to which 
layer to match.  Normally, this value will be the layer number.  If you do not want to match K in a layer, set 
the Match value to zero.  You can also have the K values in a layer estimated by matching heads in another 
layer.  To do this, enter the layer number you want to match in this field.  The other parameters are 
described in the MODAC manual.  The default values entered above are usually fine for a first attempt. 

The final set of options are for calibrating to boundary conductances for individual boundary reaches.  
Select Model/MODAC/Boundary Parameters: 

 
This is a spreadsheet where you select the boundary type, reach number, and bounds on conductance and 
flux. 

After you have set the various MODAC options, you first create MODFLOW files to be sure they are up to 
date.  Then select Model/MODAC/Create Input Files and then Model/MODAC/Run MODAC.   

Now, you simply click Run and the following MODAC window will appear: 
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 Set the number of iterations at the top.  Each iteration is one model run.  The other thing to look at is the 
Vertical Conductance options.  The default is to calculate leakance from the new K values but you can also 
ask MODAC to calibrate on leakance too.  Click OK and MODAC will start to run. 

While MODAC runs, it shows the water table contours you are trying to match (black) and the model-
computed water table (red).  For multiple layers, they flash by quickly.  After the run, you can view the 
current results on the Graphics menu in MODAC.  Choose Graphics/Water Table/Calculated and Observed 
Water Table. 
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After you are done in MODAC, you may review your results under Graphic or save some results to either 
SURFER grid file or matrix file.  Or you may choose Exit and go back to Vistas.  To import the hydraulic 
conductivity values from MODAC, select Props/Hydraulic Conductivity and then Props/Import/Matrix.  
The MODAC results are in *#._kx where * is your model root name, and # is the layer number.  You will 
need to import a matrix for each layer you are calibrating. 
 
. 
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Optimization Models 
Optimization is a technique for minimizing or maximizing groundwater pumping under a series of 
constraints.  For example, you might want to contain a contaminant plume while pumping as little water as 
possible.  Another example for water supply would be to maximize the volume of water extracted while 
minimizing the impact on surrounding wetlands.  There are a lot of optimization models available now and 
GV supports several of them.  These models include: 

Brute Force – a model developed by ESI to optimize pump & treat systems.  The model uses MODFLOW 
and MODPATH in a new particle-tracking technique to minimize the pumping while containing a 
contaminant plume.  Brute Force is provided with GV. 

MODOFC – a model developed by David Ahlfeld and Guy Reifler (http://www.ecs.umass.edu/modofc/) 
that incorporates optimization technology right into MODFLOW.  MODOFC is self-contained, requiring 
no other software to run.  While not as sophisticated as some other optimizing models, it is very easy to 
use.  MODOFC is provided with GV or can be downloaded from the author’s web page shown above. 

SOMOS (formerly known as Remax) – a model developed by Richard Peralta at Utah State University.  
SOMOS is one of the most sophisticated optimizing models available.  SOMOS is not included with GV 
but can be purchased separately. 

MGO – a model developed by Chunmiao Zheng at the University of Alabama (http://www.mt3d.org).  
MGO is a very sophisticated optimization model that incorporates both MODFLOW and MT3DMS.  MGO 
is included with Groundwater Vistas. 

MF2K-GWM – a special version of MODFLOW2000 that is based on the earlier MODOFC code 
(http://water.usgs.gov/nrp/gwsoftware/mf2k-gwm/MF2K-GWM.html).  MF2K-GWM is included with 
Groundwater Vistas. 

This chapter is not designed to serve as a text on optimization.  Rather, we are just going to show how to 
use these models with GV.  We recommend the book Optimal Management of Groundwater Systems by 
David Ahlfeld and Ann Mulligan or Applied Contaminant Transport Modeling by Chunmiao Zheng and 
Gordon Bennett for more information on the subject. 

Using Brute Force 
The BruteForce optimization technique is a new way of optimizing pump & treat systems.  Unlike more 
classical techniques (e.g. SOMOS, MODOFC, or MODMAN), BruteForce uses particle tracking to 
determine whether a system is successful.  Other optimizing software uses head, drawdown, or gradient 
constraints to design the system.  The problem with these more classical techniques is that defining the 
gradient constraints is difficult and often the resulting system is poorly designed.  The benefit of using 
particle tracking is that it is intuitive - the particles are either captured or they are not.  The BruteForce 
routine continues until all particles are captured in the plume area.  This makes interpreting the results very 
straightforward.  The disadvantage of BruteForce is that it requires more simulations than many of the other 
optimizers. 

BruteForce operates in two modes.  In Mode 1, the user enters all possible well locations for the pump & 
treat system.  BruteForce then selects the best wells from this list in constructing the pump & treat system.  
Only pumping wells may be used in Mode 1.   

In Mode 2, the user enters a pattern of wells that serves as a template for designing the system.  Normally, 
Mode 2 is used when a configuration of pumping and injecting wells is desired (e.g., a five-spot pattern).  
The user also defines which cells in the model are legitimate locations for adding the pattern of wells.  
BruteForce then operates as in Mode 1 but adds wells in the same pattern as defined by the user and in the 
best location within the pump & treat zone. 

Groundwater Vistas serves as the pre-processor for BruteForce.  You simply set up the model with particles 
and potential well locations.  You then set a number of BruteForce options, generate the BruteForce data 

http://www.ecs.umass.edu/modofc/
http://www.mt3d.org/
http://water.usgs.gov/nrp/gwsoftware/mf2k-gwm/MF2K-GWM.html
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files, and run BruteForce.  In the current release, BruteForce is implemented in a DOS C program that is 
external to Groundwater Vistas.  The program is called brute.exe.  MODFLOW and MODPATH are run 
from the BruteForce program.  These are also DOS executables called brutemod.exe and mpbrute.exe.  In 
future releases, the BruteForce procedure will be incorporated in Groundwater Vistas. 

The Brute Force Procedure 
Step 1. Set up the model in Groundwater Vistas by placing particles in the area that must be captured.  
Remember, BruteForce optimization continues until a given percentage of particles have been captured (the 
default is 100 percent capture).  Capture is achieved when particles terminate at a well in the pump & treat 
system or at another legitimate boundary cell defined by you.  Capture is also time dependent.  Each 
particle has a maximum travel time defined within GV.  Therefore, the particles are only captured if they 
terminate at a legitimate capture cell and within a specified period of time. 

To facilitate the placement of particles within a contaminant plume, GV has been modified for digitizing a 
polygon of particles.  Any model cell within the digitized polygon will have a particle placed at the cell 
center.  To digitize a polygon of particles, select Add/Particles/Digitize. 

A typical particle dialog is shown below for a single particle: 

 
The last two fields have been added for BruteForce.  The weight is used when determining the ranking for 
each potential well.  BruteForce makes one simulation for each potential well (or pattern location in Mode 
2) and sums up the number of particles captured by each well.  The particle weight is the value summed 
when that particle is captured.  For example, if a particle has a weight of 10, then the value 10 is added to 
the cumulative particle count when that particle is captured by a potential well.  The maximum travel time 
is used to determine particle capture.  Even if a particle is captured by a potential well, BruteForce will not 
acknowledge the capture unless the travel time is less than the maximum travel time for that particle. 

Another particle feature has been added for use with Brute Force Version 2.1.  You may define particles 
using property zone numbers.  The Interbed Storage package is used for particles, because compaction is 
seldom simulated by most users.  You should define different zones based on travel time or weight of the 
particles.  The first column in the Interbed Storage database is the particle weight and the second column is 
the particle travel time.  One particle is placed at the center of the cell when running Brute Force.  Select 
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Model/Brute Force/Options - Particle Options tab to turn this option on.  The following dialog will 
appear. 

 
Compaction zones refers to the Interbed Storage property.  You then give a sequence of zones to use for 
particle starting locations.  Note that in Brute Force Version 2.1, particles can be excluded from capture 
using negative weights.  The size of particles in Brute Force Output maps refers to map files created at each 
iteration to show the particles captured by the pumping system.  The size is in model units of length (e.g. 
feet).  These  output maps are described later in this documentation. 

You must also define the location of every possible pumping well location for the capture system (Mode 1) 
or a pattern of wells for the system (Mode 2).  You must use Boundary Condition wells (BCs menu in GV) 
and you must give them a unique (or series of unique) reach numbers.  Some new fields have been added to 
the dialog for Boundary wells, as shown below: 
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The new fields are enclosed in the box entitled Optimization for Managed Pumping.  The unit stimulus is 
the starting pumping rate for the well and is used by BruteForce during the well ranking phase.  BruteForce 
does not use the well radius.  The upper and lower bounds are the maximum and minimum pumping rates 
that BruteForce can use for that well.  BruteForce checks the maximum drawdown during the polishing 
phase of the simulations.  If the maximum drawdown is exceeded, BruteForce will reduce the pumping rate 
for that well.  The weight is used in a similar manner to the weight for particles.  After determining the 
number of particles (more properly the sum of particle weights for all particles captured by the well) 
captured by the well, BruteForce multiplies by the well weight to determine final ranking among potential 
wells. 

There are several options that control the BruteForce simulation.  These are entered by selecting 
Model/BruteForce/Options.  The BF options dialog is shown below: 
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The first item on this dialog is the Mode that was described above.  The number of iterations is the number 
of simulations that BF performs after each new well is selected.  During each simulation, BF increases the 
flow rate in the well using the increment multiplier.  The decrement multiplier is used during final 
polishing in an attempt to reduce the pumping rates.  Polishing is selected using the checkbox on this 
dialog. 

The maximum number of wells in final design refers limits BF to a certain number of wells that can be 
chosen for the pump & treat system. If capture is not achieved after this number of wells, BF quits. 
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The repeat well ranking option determines how often BF ranks the wells in terms of particle capture.  If the 
option is checked, BF reranks the wells after each new well is selected.  When unchecked, BF ranks the 
wells only once at the very beginning of the run. 

Percentage of particle capture for containment is an integer number from 1 to 100 percent.  A value of 100 
means that the system is not complete until each particle is captured at a legitimate capture site.  In some 
cases, there may be a few stubborn particles that are just too difficult to capture.  Reducing this value 
slightly to 95 or 90 may produce more realistic results. 

The lockout particles that are already captured option determines how many particles are used during the 
ranking of potential wells.  Checking this option causes BF to first run the model and remove any particles 
that are captured by existing legitimate capture sites.  This can sometimes stop wells from being highly 
ranked while stealing particles from other legitimate sites. 

The reach number for other BCs that are valid capture points is the reach number for any other boundary 
condition cells (including wells, drains, GHBs, constant heads, rivers, or streams) where particles may be 
captured.  

The reach number for priority 2 wells defines wells used after the primary set of wells have been used.  
Priority 2 wells are only used if the primary set cannot obtain an optimum solution.  Given wells, on the 
other hand, are wells that are on at the beginning of the optimization run and will be included in the final 
polishing step.  This is one way of restarting Brute Force. 

Another way of restarting Brute Force from a previous run is to simply check the restart option on the 
dialog shown above.  Make sure to increase the maximum allowable number of wells in the optimum 
design.  A restart file (bf.rst) is always written at the end of a Brute Force simulation. 

Mode 1 options are only available for editing when Mode 1 is selected at the top of the dialog.  Potential 
pumping wells are chosen by a range of reach numbers entered in this area of the dialog.  There is also an 
option to have all pumped water reinjected.  If the latter is checked, you also enter a reach number for a set 
of existing well(s) where the water will be injected.  BF takes the total amount pumped from the system 
and divides it evenly between all wells in the injection reach.  The minimum number of columns or rows 
between wells determines how close wells can be.  After selecting a well for the system, BF will invalidate 
any other well that lies within this many rows and columns of the chosen well. 

Mode 2 options include the reach number of the well pattern.  You only set a representative pattern of 
pumping and injection wells.  You should also place this pattern of wells in the first spot you want BF to 
check.  The number of cells between patterns defines a buffer zone around each chosen pattern location.  
The diffusion zone number defining limits of well system defines where potential well patterns can exist.  
Select Props/Diffusion and then set zone 10 (default – you may change it on this dialog) for the areas 
where you want to design the pump & treat system.  Each chosen well pattern must fit totally within this 
area. 

The final task in GV is to produce the BF input file.  Select Model/Brute Force/Create Input Files.  GV 
will then create a file called brutefrc.dat.  BruteForce (brute.exe) requires that a file called brutefrc.dat be 
placed in the working directory.  This file contains all options for the simulation, including all potential 
well locations and valid particle capture locations.  The format of the input file is documented within the 
brutefrc.dat file using comment lines that begin with the “#” character.  All data entered into the 
brutefrc.dat file are assumed to be in FORTRAN list-directed or free format.  That is, each number must be 
separated by a space, comma, or tab. 

 

Step 2. Run MODFLOW and MODPATH for the base case without any pumping from the potential 
remediation well locations.  Right now, BF only works for steady-state models so be sure to use 
MODPATH Version 2 (mpath.exe).  Also, do NOT save cell-by-cell flow terms for the Well Package.  This 
step makes sure that the model is working and all the necessary files have been created. 

 

Step 3. Open a DOS Window and change to the working directory.  Make sure all the BruteForce program 
files are in the working directory.  These include the following: 
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 Brute.exe   The BruteForce program 

 Brutemod.exe   Version of MODFLOW that works with BF 

 Mpbrute.exe   Version of MODPATH that works with BF 

 

Step 4. Run Brute.exe.  Just type brute at the DOS prompt and hit the enter key.  As MODFLOW runs it 
displays a message near the top of the screen to show you what simulation it is working on.  BF makes one 
run for each potential well location; this is called Stage 1.  After selecting the well that captures the most 
particles, BF then starts to increment the pumping rate in order to maximize capture; this is called Stage 2.  
This process is repeated for each new well added to the capture system up to the maximum number of wells 
specified by the user or until the desired degree of particle capture is attained. 

 

Step 5. Review the Results.  BF creates a file called brutefrc.out that contains a summary of the 
optimization process.  This is an ASCII file that can be viewed in a text editor or word processor and 
printed. 

Evaluating Brute Force Results 
Brute Force creates several output files.  The main output file is called brutefrc.out.  You may view this file 
by selecting Model|Brute Force|View Output File.  There is also a file called BruteSummary.out which 
contains the number of wells selected and their pumping rates for each iteration.  You may view this file by 
selecting Model|Brute Force|View Summary File. 

Assuming that you like the results of the Brute Force run, you may import a MODFLOW well file with the 
optimized wells and rates.  This file is called Brute.wel.  You must first, though, delete all wells from the 
reaches that you optimized.  You can do this by selecting BCs|Well and then BCs|Delete|Reach.  You need 
to do this because GV will not import the brute wells over top of existing wells. 

There are also several other files you should look at: 

Particle Capture Maps – After each new well is selected, a file will be created that can be imported into 
GWV showing in green the particles that have been captured within the specified constraints and in red 
those particles still requiring capture.  These files are written for each layer and are named as follows: 

Iteration#_layer#.map 

Where # is the iteration and number of wells.  These maps can be displayed in Groundwater Vistas using 
File/Map/GW Vistas.  A green “#” means that the particle was captured.  A red “O” means the particle was 
not captured. 

Water-level Elevations and Drawdowns – Similar to particle capture, after each new well is selected, 
files are created that can be imported into GWV to show the cumulative effects of each new well on the 
groundwater flow regime.  These files are called Iteration#.hds and Iteration#.ddn where # is the number of 
wells. 

Simple Plot File – data concerning the cumulative pumping rate and number of particles captured for each 
well added are recorded and used to produce plots of number of wells verses particles captured, number of 
wells verses cumulative pumping rate, and cumulative pumping rate verses particles captured.  It is 
assumed these plots would actually be done in another program like Excel or Lotus.  This files is called 
BFSummary.plt. 

Using MODOFC 
MODOFC works very differently from Brute Force and is also more general than Brute Force.  MODOFC 
can be used to optimize containment but can also be used to optimize pumping systems for dewatering and 
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water supply.  We are not going to try to describe MODOFC in detail here.  For more information on 
MODOFC, you should look at the documentation (modofc.pdf) supplied with GV. 

There are several steps to follow when using MODOFC.  The first is to get your model running properly 
without simulating the wells you are trying to optimize.  Once the model is running and the heads look 
reasonable, you need to turn off all binary output.  MODOFC does not like use of the output control file.  
Select Model|MODFLOW|Packages and enter a zero in the first column next to Output Control and 
remove the checkmark in the second column.  Next, make sure that all numbers in the third column on this 
dialog under the heading Cell-by-cell Unit No. are set to zero. 

Constraints 
The second step is to define a set of constraints for the optimization problem.  Constraints include the 
following: 

Maximum head 

Minimum head 

Head difference in X, Y, or Z directions 

Capture Zone line boundary 

The first three types of constraints are added with a calibration target.  Instead of using the target for 
calibration, you will use it as a constraint.  When you pull down the target type dropdown list at the top of 
the target dialog, you will see a list of constraints near the bottom of the list (you must scroll down through 
the list to see them).  An example is shown below. 

 
If you use a minimum head constraint, you are requiring that the water level computed by the model be 
above the target value (514.2 in the example above).  A maximum head constraint means that the water 
level must be at or below the target value.  In a head difference constraint, you are requiring that the 
difference in head between the cell containing the target and the adjacent cell be at or above the target 
level.  The sign on head difference constraints denotes the direction of the constraint.  These are explained 
below. 

X-direction Gradient Constraint 
A positive gradient in the X direction means that flow must be to the east.  In a positive X gradient 
constraint, the head difference is between the cell containing the target and the cell to the left (west), as 
shown below. 
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Y-direction Gradient Constraint 
A positive gradient in the Y direction means that flow must be to the north.  In a positive Y gradient 
constraint, the head difference is between the cell containing the target and the cell to the south, as shown 
below. 

 

Z-direction Gradient Constraint 
A positive gradient in the Z direction means that flow must be upward.  In a positive Z direction constraint, 
the head difference is computed between the cell containing the target and the layer below.  In the figure 
below, the three cells are layers (i.e., a cross-sectional view). 
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Capture Zone Constraint 
MODOFC has a unique feature for defining a capture zone.  You may define a series of lines outlining the 
area to be contained.  You assign a head difference constraint to these lines and MODOFC turns them into 
lateral gradient constraints when it runs.  This makes setting up head difference constraints easier for pump 
& treat systems.  In Groundwater Vistas, you use a line boundary (Add|Line Boundary).  Instead of being 
a boundary, however, you select the type as Capture Zone Constraint, as shown on the example below. 

 
The only data you need to fill in the line boundary dialog is the Head or Flow rate per unit length which in 
this case is actually a head difference.  In the example above the head difference is 0.01 ft.  You also must 
enter a capture zone number and a sequence number.  If there are several line segments outlining your 
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capture zone, they must be numbered in sequence starting with 1 and increasing in a counter-clockwise 
direction.  An inward gradient is assumed to be to the left as you go from the beginning of the line to the 
end, as shown below. 

 
In the figure above, there are three line segments defining the capture zone.  If there is more than one 
capture zone, then you would change the capture zone number on the line boundary dialog too.  Again, the 
capture zones must be numbered starting with 1. 

Candidate Wells 
Candidate wells are those wells that can be used in the optimization.  Not all candidate wells will 
necessarily be used.  These wells can be existing wells or potential well locations.  The candidate wells 
must be boundary condition wells in Groundwater Vistas.  An example well dialog is shown below. 

 
You must enter a zero flow rate in the upper right corner of the dialog for candidate wells.  You must also 
give the well a unique reach number to distinguish it from non-candidate wells.  When setting up the 
optimization run, you will tell GV a range of reach numbers to optimize.  The only other information you 
need to fill in on the dialog is the Upper Bound pumping rate, the Lower Bound pumping rate, the Pumping 
Cost (cost per unit volume pumped), and the Install Cost. 
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Run Options 
Once the constraints and candidate wells have been established in GV, there are several dialogs with 
options for the simulation.  The first is found by selecting Model|MODOFC|Options - Main Options tab.  
This dialog is shown below.  The definition of each option is provided in the MODOFC manual and below. 

 
ITPR (integer) 

This value determines whether output describing the details of the unconfined iteration algorithm will be 
directed to file ‘iterate’.  A 1 indicates this output will be created and a 0 indicates it will not.  For nonlinear 
problems with many wells, this file can be very large.  See Section 4.5 for a description of the output 
produced.  If there are no unconfined units in the system, this value is ignored. 

ITMAX (integer) 

This value is the maximum number of iterations allowed for the linear program solver.  This prevents the 
solver from iterating indefinitely if it does not converge to a solution.  If ‘lpsub.for’ is being used and this 
number is reached, the program will be terminated, and the file ‘solution’ will indicate that the maximum 
number of iterations has been exceeded.  A typical value for ITMAX is ten times the number of constraints. 

PERTI, PERTF, PERTS (real numbers) 
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These values specify the perturbation amount that the algorithm uses to determine the response matrix.  
PERTI is the value used for the first iteration, PERTF is the value used for the last iteration, and PERTS is 

a scaling factor such that on the second iteration the perturbation equals 
PERTI
PERTS

, on the third iteration the 

perturbation equals 
PERTI

PERTS2 , etc.  When the calculated perturbation is below PERTF, PERTF is used.  

For confined simulations, only one iteration occurs so PERTF and PERTS are not used.  Under these flow 
conditions, the response of head to pumping is linear, so the choice of PERTI is arbitrary and should not 
affect results. A typical value for PERTI for confined aquifers is 500% of expected solution magnitude.  
For unconfined simulations, PERTI should be of the same order of magnitude as the solution but not large 
enough to dewater the aquifer.  PERTF should be large enough to produce several significant digits in the 
response matrix but small enough to secure an accurate approximation for the nonlinear response of head to 
pumping.  The number of significant digits in the response matrix is also controlled by the convergence 
criteria set for the solver in the MODFLOW package (see Section 4.3 of the MODOFC manual).  A typical 
set of values for PERTI, PERTF, and PERTS for an unconfined aquifer is 100% of expected solution 
magnitude, 0.5% of expected solution magnitude, and 5.  See discussion in the MODOFC Manual Section 
3.3.1.2 for more information. 

BMIN (real number) 

This value indicates the minimum saturated thickness allowed in unconfined units.  It is necessary to avoid 
dewatering portions of the unconfined units.  This value is used to automatically set lower head bound 
constraints at all extraction wells in unconfined units.  These constraints are named ‘b’ plus the 
corresponding well name.   If there are no unconfined units in the system, this value is ignored.  A typical 
value for BMIN is 15% of the saturated thickness. 

OCC (real number) 

This value indicates the convergence criteria for solving unconfined problems.  Iteration stops when the 
maximum difference in pumping rates between the previous iteration and the current iteration is below 
OCC.  If there are no unconfined units in the system, this value is ignored.  This value is typically set at the 
precision desired for the pumping solution. 

IECHO (integer) 

IECHO determines whether the input read by MODOFC from file ‘opt.in’ will be echoed to file ‘setup’. A 
1 indicates that input will be echoed, a 0 that input will not be echoed. 

Well Options 
The Well Options dialog defines which wells are going to be used by MODOFC as candidate wells.  This is 
done using a range of reach numbers at the top of the dialog.  The other variables are defined below. 
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INCST (integer) 

This flag determines whether binary variables are to be included in the optimization problem.  The use of 
binary variables complicates the solution procedure, but enables incorporation of installation costs and 
constraints on the number of wells selected (NWMIN, NWMAX) and on minimum pumping rates (PMN).  
If INCST equals 0, binary variables are not included.  If INCST equals 1, binary variables are included.  
Sample Problem II in the tutorial (later in this chapter) demonstrates the inclusion of binary variables. 

INPR (integer) 

This value determines whether output describing the details of the brand and bound algorithm for solving 
mixed binary problems will be directed to file ‘iterate’.  A 1 indicates this output will be created and a 0 
indicates it will not. For problems with many wells, this file can be very large.  This value is not used if 
INCST equals zero.  See section 4.5 in the MODOFC manual for a description of the output produced.   

NWMIN, NWMAX (integers) 

These values set the minimum and maximum number of wells the solution can use, Nl in (15) and Nu in 
(14).  These values are not used if INCST equals zero.  Setting NWMIN equal to zero and NWMAX equal 
to NUMWELS eliminates restrictions on the number of wells. 
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Recharge Balance 
The recharge balance constraints produce both upper and lower bounds on the ratio of extraction and 
injection, and are imposed for each stress period in which any well is available.  Note that these constraints 
will take the form of a specified ratio between extraction and injection, if the coefficients are defined so 

that b a= 1 .   The constraints will be consistent with each other as long as ab ≤ 1.  Input values should 
appear in the following order: 

A (real number) 

This value indicates the fraction of total injection which total extraction must exceed, a in equation (9). If A 
equals zero, the constraint is not imposed.  

B (real number) 

This value indicates the fraction of total injection which total extraction must exceed, b in equation (10). If 
B equals zero, the constraint is not imposed.  
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Pumping Constraints 
The first column in the pumping constraint dialog is the MINP variable in the MODOFC manual.  This 
indicates the minimum total pumping that will be required for the stress period, Qt

l  in equation (8) in the 
MODOFC manual.  Extraction is defined as positive pumping and injection as negative pumping.  Thus, 
MINP can be viewed as the minimum total extraction allowed or -MINP as the maximum total injection 
allowed.  MAXP must be greater than or equal to MINP. 

The second column is the MAXP variable which indicates the maximum total pumping that will be 
required for the stress period, Qt

u   in equation (7) in the MODOFC manual.  Extraction is defined as 
positive pumping and injection as negative pumping.  Thus, MAXP can be viewed as the maximum total 
extraction allowed or -MAXP as the minimum total injection allowed.  MAXP must be greater than or 
equal to MINP. 

These constraints are defined in each stress period.  The current dialog has room for 12 stress periods.  In a 
future release this dialog will be a spreadsheet. 
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Running MODOFC 
Before running MODOFC, be sure to create the MODFLOW files using Model|MODFLOW|Create Data 
Sets.  MODOFC is then run by first creating the MODOFC input file, called opt.in.  Select 
Model|MODOFC|Create Input File to create the opt.in file.  After this is done, select 
Model|MODOFC|Run MODOFC to run the model. 
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Trouble-shooting Tips 
 

Vistas Crash During File Import 
There are two common problems that can cause Groundwater Vistas to crash when importing files (e.g. 
surfer files, text files, etc.).  The first is that if the path to the file gets too long or the name of the file is too 
long, then a crash can occur.  The easiest thing to try in this case is to move the file to a directory that is 
higher up in the directory tree (e.g. c:\gwv6\models). 

The second problem can occur when a *.INI file in the gwv6 folder gets corrupted.  These INI files store 
the previous set of options for many Vistas commands like file imports.  If the file name/path is not too 
long, then the second thing to try is to delete all *.INI files from the gwv6 folder. 

If neither of those things address the problem, please send us the gwv file and the file(s) you are importing, 
along with a description of how to duplicate the problem.  For imports that have many options, please also 
provide screen shots of how you are filling out the relevant dialogs. 

Blank Error Message During Model Run 
A blank error message is common during a model run using ESI’s DLL versions of the various 
MODFLOW versions.  This message just means that MODFLOW detected a problem and stopped the run 
but did not report the exact nature of the error. 

 
To find out what caused the error, use Model|MODFLOW|View Output.  This will load the output file (list 
file) into a text editor.  Scroll to the very end of the file to find the error message. 

Vistas Screen Continuously Refreshes 
There is a rare issue in Groundwater Vistas where for very large models or very large base maps, the plan 
view window will not finish redrawing itself before it starts over again. This will often continue 
indefinitely. This seems to be a Windows and/or graphics card issue where it gets overloaded with drawing 
commands. In any case, there are several ways of addressing this problem. 

The first option is to replace your graphics card with one that is designed for high-end graphics display.  
NVIDIA is a good option. 

A temporary fix is to place another window (e.g. Windows Explorer or Word) over top of the Groundwater 
Vistas window, the plan view will finish drawing.  If you hover the mouse over the GV7 icon on the status 
bar, a miniature version of the Vistas display is shown so you can tell when it is done drawing.  Also, 
zooming in so only the area you really need to see if shown.  The less that needs to be redrawn, the better. 
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Another option is to make adjustments to your graphics settings. 

• Run Windows Explorer and right‐click "Computer". Choose "Properties" from the context menu 
that pops up. 

• On the left side of the properties window, click on "Advanced system settings" 

 • Click on the "Advanced" tab at the top of the System Properties sheet. 

• There are 3 areas on this tab. The top one is called "Performance". Click the "Settings" button in 
the Performance area.   
 
NOTE: For Windows 10, click on "Adjust for Best Performance" 

 

• The very last item is called "Use visual styles on windows and buttons". Turn that OFF (as shown 
above). This will remove all the fancy borders around windows but will speed up the display and 
seems to fix this redrawing issue in Groundwater Vistas. 
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Digitized Maps 
 

Digitized Map File Format 
Digitized base maps increase the efficiency of site-specific modeling by placing the modeling results in 
context with the area to be modeled.  As shown in the tutorial, GV overlays the base map on head contours 
and streamlines, making it easier to interpret the results.  Map files can be translated from DXF files, 
shapefiles, or Surfer BLN files. 

GV uses a very simple file format for the digitized base map, as shown in Table 1.  The file is made up of 
two sections.  The first defines a series of line segments, while the second set of data defines a series of text 
strings.  Each line segment requires the following data (1) the beginning and ending X and Y coordinates, 
(2) the line style, e.g., dashed or solid, and (3) the line color.  The data for each line segment should appear 
on one line and be separated by at least one space between each data item.  Commas may not be used to 
separate data items. 

The following data items are required for each text item (1) X and Y coordinates of the lower left corner of 
the text, (2) angle of rotation of the text string, (3) height of the text, (4) color, and (5) a text string.  The 
first four data items are entered on one line separated by at least one space between each data item.  The 
text string is located on the following line and the height of the text string is in map coordinates (not in 
inches!). 

Line and text colors are defined as integer numbers from 0 through 15.  Each integer defines a unique color.  
The possible colors are shown in Table 2.   

The digitized map file is a simple text file that may be created in any text editor.  You may also find it 
advantageous to write a simple program to convert files from your digitizing software to the GV format.  
GV also has the ability to convert DXF files and shapefiles directly.  Simply choose File from the main 
menu and Map from the pull-down menu.  Next select DXF from the menu.  Specify the DXF file name 
and a conversion factor, which is explained below.  The DXF file format is a relatively standard file format 
for CAD packages, such as AutoCad. 
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 Table 1  File Format for Digitized Maps. 

 

 Line 1 NLS, NTEXT 

 

   NLS = Number of line segments in map 

   NTEXT = Number of Text Strings in map 

 

 Lines 2 to NLS+1 (Enter one line for each line segment) 

   X1, Y1, X2, Y2, NDASH, NCOLOR 

 

   X1, Y1 = Beginning line coordinates 

   X2, Y2 = Ending line coordinates 

   NDASH = Positive integer for solid line, negative for dashed 

   NCOLOR = Color index (integer) 

 

 Lines NLS+2 to end (Enter one set per text item) 

   X1, Y1, ANGLE, HEIGHT, NCOLOR 

   TEXT 

 

   X1, Y1 = Coordinates of left side of text string 

   ANGLE = Angle of text string 

   HEIGHT = Height of text string 

   NCOLOR = Color index of text string 

   TEXT = Text string 
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Table 2  Definition of color indices. 
 

 Index   Color 

 

  0   BLACK 

  1   BLUE 

  2   GREEN 

  3   CYAN 

  4   RED 

  5   MAGENTA 

  6   BROWN 

  7   WHITE 

  8   GRAY 

  9   LIGHT BLUE 

  10   LIGHT GREEN 

  11   LIGHT CYAN 

  12   LIGHT RED 

  13   LIGHT MAGENTA 

  14   YELLOW 

  15   BRIGHT WHITE 

 

DXF Files 
The DXF (Drawing Interchange Format) file is a fairly standard format for exchanging data between CAD 
systems.  In particular, the popular AutoCAD software uses DXF files extensively.  A translator is provided 
with GV to extract digitized information from DXF files and convert it to the GV digitized map format. 

The DXF file contains detailed data describing numerous CAD entities.  An entity is a line or symbol 
placed on the drawing by the CAD system.  The GV DXF translator supports the following CAD entities: 

  LINES 

  POLYLINES 

  POINTS 

  ARCS 

  CIRCLES 

  TEXT 

Certain aspects about these entities are ignored by the translator, such as elevation (for 3D CAD software 
such as AutoCAD Release 10), line style, and line thickness, and any embedded images.  In addition, the 
curve-fit and spline options applied to POLYLINES are ignored.  The coordinates and color of the entity 
are preserved, however. 

Many CAD drawings contain entities called BLOCKS, which are a collection of other entities (e.g., lines, 
circles, text, etc.).  GV will not interpret BLOCKS properly, so make sure that these are converted to other 
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entities before creating the DXF file in your CAD package.  In AutoCAD terminology, this is called 
“exploding” the blocks. 

Another important thing to keep in mind when translating DXF files for use in Groundwater Vistas is that 
all aspects of the drawing are imported, even layers that are not displayed in the CAD software.  It is very 
important that all parts of the drawing you do not want todispaly in Groundwater Vistas be deleted from the 
drawing.  Turning them off or freezing them is not enough.  This includes borders, images, legends, notes, 
multiple figures, etc.   

The DXF translator is activated from the File menu, as described above. Next, specify the DXF file name 
and a Map file name using standard Windows file dialogs.  You only have to answer one additional prompt 
after starting the DXF translator -- a conversion factor for the translation.  Normally, a conversion factor of 
1.0 will work; however, sometimes your CAD software will store coordinates in the DXF file in units of 
inches.  If this happens, use a conversion factor of 0.0833333 (1.0/12.0).  Each coordinate in the DXF file is 
multiplied by the conversion factor before being written to the GV map file.   

After all entities are processed in the DXF file, the digitized map file is created.  A message to that effect is 
displayed at the bottom of the screen.  After the translation is finished, the map file is imported into the 
model and displayed on your screen. 

Importing Shapefiles 
Shapefiles are used by GIS software like ArcView or MapWindow.  Shapefiles can contain point, line, or 
polygon information.  For the purposes of base maps, Groundwater Vistas only displays lines and polygon 
shapefiles.  However, Groundwater Vistas does work with all three types of shapefiles when importing data 
for boundary conditions, analytic elements, and aquifer properties (see the Designing Models chapter) and 
the second tutorial in the Groundwater Vistas Tutorial Manual. 

Shapefiles are much easier for Groundwater Vistas to import than DXF files.  In fact, a good way of 
dealing with DXF files in Groundwater Vistas is to import them into the GIS, convert key layers to 
shapefiles, and import those shapefiles into Groundwater Vistas instead of the DXF file. 

To import a shapefile into Groundwater Vistas for a base map, select File|Map|Shapefile and browse to 
find the shapefile.  Then specify a map file name.  Groundwater Vistas will also ask for a color to use with 
the shapefile.  All lines or polygons in the shapefile will be drawn in the same color. 
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