Groundwater Vistas Tutorial

Thank you for taking the time to try out our groundwater modeling software. Hopefully you will see how easy it
isto create groundwater models in Windows using Groundwater Vistas. We recognize, however, that thereisa
lot of competition in the environmental industry for such software and we also know that there are other factors
involved in your purchasing decision. Here are some factors we think may be important to you that set us apart
from our competition:

Windows! We are committed to Microsoft Windows at every level. We are members of the Microsoft
Developer Network and our software supports al versions of Windows from 3.1 through the new NT 4.0. For
those of you still clinging to DOS, you should get used to the idea of Windows because Microsoft will no longer
support DOS as you know it after the release of NT 4.0 thisfall.

Support! One of the most important aspects of your purchase is the need for solid technical support from the
software developer and excellent free and unlimited technical support is provided. Not only will we answer
your guestions related to the mechanics of using the software, but we will aso help you with your project. Most
environmental software companies limit support to running the software and will not venture into consulting.
We are groundwater modeling consultants as well as software developers and will try to help you no matter
what the question.

Updates! Most updates from are free and are distributed via Internet. These updates can be sent to you via
email, Internet ftp, or through the mail. If you find a bug in the software, we will fix it immediately (usualy the
same day) and make it available to you on Internet as soon as the problem isfixed. If you do not have Internet
access, we will send the repaired code to you via Federal Express at our expense.

Price! Our software isless expensive than most of our competition. We are also extremely competitive for
volume discounts. Call 703-620-9214 to negotiate a multi-user license!

Training! We provide numerous on-site training courses to government and private industry each year. These
seminars are hands-on courses in applied groundwater modeling using this software. On-sitetraining isavery
cost-effective way of providing professional development opportunities for your staff. For the cost of sending
one or two staff to an outside short course, you can train a dozen or more staff in-house. Call for more
information and a proposal to provide your organization with training in groundwater modeling.

| hope that we will have an opportunity to work with you on your groundwater modeling projects. If you have
any questions regarding this software, support, consulting, or training, please do not hesitate to call or email to:

Scientific Software Group
P.O. Box 23041
Washington, DC 20026-3041
Phone: (703) 620-9214

Fax: (703) 620-6793

info@scisoftware.com
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Welcome to the Groundwater Software Demos!

Thank you for your interest in Groundwater Vistas. This guide shows you how to install, explore, and uninstall demonstration versions of
the following products:

Groundwater Vistas, acomprehensive modeling environment for Windows, Page 4

M ODFL OW""%, version of the popular MODFLOW3D groundwater flow model, Page 15
WinFlow, a2D analytic element groundwater flow model, and Page 20
WinTran, a2D analytic dement flow model coupled with afinite-element transport mode. Page 25

All of the demos are installed from one set of disks, as explained in the following section. After installing any or al demos, turn to the
page listed above for a particular demo and follow the instructions to find out more about the software. Each demo isafully functioning
version of the software except that files cannot be saved and printing has been disabled. The last page of this guide contains an order form
if you wish to purchase any of the software packages. If you have any questions as you are working through this guide, please do not
hesitate to call us.

Contents and Installation

The demos come with a sophisticated installation program that is similar to other Windows products. You simply run “install” from
the Program Manager File menu and follow the directions as the installation proceeds. Start by placing the first demo disk in drive A:
(or B:). Now, select Run from the File menu in Program Manager (the Start menu in Windows 95) and enter the following:

ainstall.exe <000

You will first be prompted for the directory that will contain all of the demo software. The default is c:\esidemos. Next, select the
Program Manager group that will contain the ESI icons. The default selectionis“ESI Demos’. Finally, you will be given the option
of installing each demo, starting with MODFLOW"'™2, (NOTE: you must install MODFL OW""# if you intend to use
Groundwater Vistas!) When the installation program prompts for a particular demo, simply select Yesto install that demo or No to
move to the next software package. Select CANCEL at any time to terminate the installation process. The installation program will
now copy all of the MODFLOW""™ filesinto the directory you entered above. Next, the readme text file will be displayed to alert
you to new information that was not available when the manual was created. Select OK when you are done reading the information.
Although MODFLOW""™2 was used in this explanation, all of the demos are installed with the same sequence of prompts.

If you have installed any of the demos, a dialog box will ask you to modify the autoexec.bat file on your computer. ESI Demos require
that the environment variable TM P be set so that temporary files can be properly maintained. Modifying the autoexec.bat file here

will properly set the TM P variable. Select YES to automatically make this change now or NO to change it yourself. If you do not set
the TMP environment variable, the demos will not run. In this case, double-clicking on any of the demo icons displays a dialog asking
you to set the TMP variable before the program can be executed. To set the TMP environment variable yourself, add the following
line to your autoexec.bat file

set TMP=c:\tmp

(Note: you will receive an error message that says“ The DOS environment variable TMP must be set to a valid directory” if
you do not placethe abovelinein your autoexec.bat file) Finally, adialog box appearstelling you to restart your computer to
complete the installation. Please note, however, that this dialog only appears when you have changed the autoexec.bat file as discussed
above. It will aso not appear if you install Win32s below.

Installing Win32s

Groundwater Vistas, MODFLOW""™#? and WinTran demonstration programs also need Microsoft’s Win32s software. This
alows Windows V3.1 and V3.11 to run 32-bit software like MODFLOW"'™2.  |f you are running Windows 95 or Windows NT, skip
this step.

Installing Win32s will not harm your system in any way! In fact, it isonly used if you run 32-bit applications. After you are done with
the demonstration versions of ESI Software, you may delete it from your system, as described in the next section. In order to make it
easier to get rid of Win32s, we suggest that you make a backup copy of your SYSTEM.INI file, located in your c:\windows directory.
If you plan to purchase either Groundwater Vistas, MODFLOW" "™ or WinTran, you may want to just |eave Win32s on your system,
asyou will need it for these applications.
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The Win32s installation is straightforward. |f you have installed demos for Groundwater Vistas, MODFLOW"™ or WinTran, the
installation program will ask you to install Win32s. Simply select Yesto install Win32s. Again, if you are running Windows 95 or
NT, the installation program will not prompt you to install Win32s. If you are running Windows 95 or NT and you receive this
prompt, then you made an error in selecting the operating system at the beginning of the installation. Y ou should reinstall the software
before continuing with the demonstrations.

Follow the prompts to install the Win32s software. After the installation is complete, you will be asked to restart Windows. Y ou must
do thisin order to run the demos. After restarting Windows, you must exit from Windows and reboot your computer so that the
TMP environment variable will take effect.

Uninstalling Demos

These demos come with an uninstallation program to make it easy to remove the software from your computer when you are done with
your evaluation. To do so, simply double-click on the uninstall icon for the demo you wish to uninstall. You have 3 choices: (1)
select automatic to quickly remove all of the demo files, (2) select custom to determine which files will be deleted, or (3) select cancel
to end the uninstall program.

The uninstall program will not harm any program or file in your Windows directory or any other directory. Only files placed on your
computer related to ESI demos will be removed. If you do not wish to use the uninstall program, simply delete the contents of the
directory containing the demo software and delete the “ESI Demos’ Program Manager Group in Windows.

Uninstalling Win32s

Unfortunately, Microsoft does not provide an uninstall program for Win32s; however, the processisfairly simple. Thisisespecially
true if you made a backup copy of your SYSTEM.INI filein the C;AWINDOWS directory. Follow these steps to remove Win32s from
your computer:

If you made a backup copy of SY STEM.INI and you have not installed any other software since installing the GV, MODFLOW""2
or WinTran demos, copy the old version of SYSTEM.INI back to your Windows directory (usually C:\WINDOWS) and skip to step 3
below.

(1) Remove the following line from the [386Enh] section in the SY STEM.INI file:
device=<WINDOWS>\<SY STEM>\win32s\w32s.386

where <Windows> and <System> are where the Windows and System directories are, respectively. Thisisusually
C:\WINDOWS\SY STEM.

(2) Madify the following line from the [BOOT] section in the SY STEM.INI file:
driverssmmsystem.dll winmm26.dl
to the following (remove winmm?216.dll):
driverssmmsystem.dl|

(3) Déelete the following files from the <WINDOWS>\<SY STEM> subdirectory or from the SY STEM directory in network
installations:

W32SYS.DLL WIN32S16.DLL WIN32S.INI

(4) Deletedl thefilesin the <WINDOWS>\<SY STEM>\WIN32S subdirectory or the <SY STEM>\WIN32S subdirectory in network
installations. Then, delete the WIN32S subdirectory itself.

(5) Restart Windows
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Groundwater Vistas (GV) Demo!

Groundwater Vistas is Environmental Simulations' s new
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(2) Groundwater Vistasis model-independent,
supporting several different models including

MODFLOW,

MT3D,

PATH3D,

MODPATH,

MODFLOWT (anew transport mode),

MODFLOW-SURFACT (anew version of MODFLOW), and

PEST, the model-independent calibration software.

FTWORK, MODFLOWP, SUTRA and BIOPLUME Il are also planned for the next release.

(3) Groundwater Vistas provides visualization of output from all supported models. Thisincludes contouring, color flood contouring,
velocity vectors, particle-trace display, and a detailed mass-balance analyzer (not found in the other competitors). All graphicsare

displayed in plan view and in cross-section at the same time using a split window. GV also plots head, drawdown, and

concentration versus time at observation uen.
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Groundwater Vistas
Advanced Model Design & Analysis for Windows!

T ————————— - Groundwater Vistas (GV) is a unique groundwater
Dl sil] B plviaialef 517 1e] @i E) 3 modeling environment for Microsoft Windows that
e H "B T L] I couples a powerful model design system with

TS ! | LT ITT | comprehensive graphical analysistools. GV, developed

: L] H— : . | by theauthor of ModelCad™, is a model-independent
1 graphical design system for MODFLOW and related
models. In addition, GV supports the use of the PEST
model-independent calibration software. The
combination of PEST (atrial version isincluded with
GV) and GV's automatic sensitivity analysis make GV a
powerful calibration tool!

GV displays the model design in both plan and cross-
sectional views using a split window (both views are

visible at the sametime). Model results are presented
using contours, shaded contours, velocity vectors, and

! i I L e = S, I detailed analysis of mass balance. MODPATH particle
i VIR e 2 e - 1 traces are also displayed in both plan and cross-
) o ' | sectional views. Another unique aspect of GV isitsuse
o s i s ses wee | Of grid independent boundary conditions. Grid-

independent boundaries do not change position as the grid is modified. This allows the modeler to make major changes to the mesh
without wasting time repairing the location of boundaries. The following list summarizes more of GV’ s unique capabilities:

# Supports MODFLOW, MT3D, MODPATH, PATH3D, Types of Graphical Displays:

MODFLOWT, and MODFLOW-SURFACT #A Head, Drawdown, Concentration, Flux contours

#8 Displays both plan and cross-sectional views # Head, Drawdown, Concentration, Flux color floods
#A Run all supported models from within GV # Velocity Vectors

A Public domain versions of MODPATH and MT3D included A Pathline and travel times from MODPATH/PATH3D
#8 Supports PEST model-independent calibration software # Local Mass Baance Bar Charts

#A Automated parameter sensitivity analysis # Plot head, drawdown, concentration versustime

# Imports existing MODFLOW & ModelCad files # Parameter Sensitivity Plots

#A Imports data from SURFER and ASCI| files #A Head, Drawdown, Concentration, Flux Profiles along
#A Export results to SURFER, Spyglass, DXF, and ASCII files across-section

#A Overlay mapsin DXF and SURFER BLN formats # Cadlibration target scatter plots

#A Full on-line context-sensitive help #A Calibration target hydrographs

# WY SIWY G printing with print preview # Cadlibration statistics for head, concentration, flux

#A All Windows Versions supported! (3.1, 3.11, 95, and NT)
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Exploring Groundwater Vistas

The GV exercise, described below, introduces you to most of the important features of this software in a step-by-step example. You
will be given very specific instructions to show how to use GV to design finite-difference models for MODFLOW. In agraphical user
environment such as Windows, it is difficult to tell you exactly what to do during each step because many of the steps involve using the
mouse. This demonstration provides several snap-shots of the GV screens to show you what your screen should look like, however, in
case you missastep. Note that the screen snap-shots were produced in Windows 3.1. Y our screen will look slightly different if you
are running Windows 95 or Windows NT. This demonstration also assumes that you have installed MODFLOW"'™2 in the same
directory as GV and that the directory is C\ESIDEMO.

The exercise below tells you to select menu items and a short-hand method is used to indicate what menu items are to be selected. The
menu items are listed in order of selection and are separated by a*“->" symbol. For example, instead of writing the following:

Salect File from the main menu and then select Open from the dropdown menu
the following shortened version is adopted in this manual:
Salect File->Open

Some instructions for using the mouse should also be explained here, although most Windows users understand these concepts. The
word “click” refers to pressing the left mouse button once and “double-click” means to press the mouse button twice in rapid
succession. Theword “drag” means to press the left mouse button and move the mouse to another location on the screen while
keeping the button pressed down. Release the mouse button when the cursor is on the desired location.

Starting a New Model
We will start this exercise by showing you how to create a new model using GV. First, double-click on the GV icon to start the
program. You will see asmall menu over ablank model design window. Select File->New from the main menu or click the new

document button . You will see arather large dialog on your screen that asks you for basic information describing your model.
These data are used to construct the initial model, which will have uniform row and column spacings and uniform layer thicknesses.

All aquifer properties (hydraulic conductivity, storage, etc.) will initially be uniform (homogeneous). For simple modeling studies, you
only need to add boundary conditionsin order to have a complete model ready to run with MODFLOW.

Now, fill in the dialog with the following information. When
Horizontal Model Grid Vettical Model Grid you are finished, press the OK button on the dialog. Before
el X Number of Layers |3 you choose OK, though, your screen should look like the one
Humber of Columns 30 Model Bottom Elevation |l1 shown to the | eft
Uniform X Spacing 330 Unitorm Z Spacing |5|] N umber Of ROWS 30
S = Mesimum Numbor of Sticss Periods |1 Number of Columns 30
‘Default Parameter Value No¥zonss X Spacing 330 ft
K Kz [100. Ky 100. Kz 10 10 Y Spacing 220 ft
Storage 5 1.e-002 Sy 1.e-002 Porosity |1.e-002 10 Number Of Layers 3
Leakance 1e 02 10 Bottom Elevation 0.0 ft
Fesizge  (Hde 2““2— Conc. l?— :'; Uniform Z Spacing 50.0 ft
ET Rate |U. E xtinction - :

Dispersivity Long. | 0. Transverse Il]. Vertical IU- |1|:l Number Of Stre$ PerIOdS 1
orption . ensil 157.
Sopen K o Ol - Change Kz to 10.0 ft/d
: Change Rechargerateto 0.002 ft/d
[ import MODFLOW Dataset . | [ Import ModelcaD Fite.. | [ ok ]| [ cancel |

After clicking the OK button, your screen should be similar
to the one shown at the top of the next page. The model has uniform row and column spacings and the rows and columns are label ed.

ES Software Demonstration Guide Page: 6



GW¥istas - [Vistal]
=| File Edit Yiew Add Plot Model Grid BCs Props XSect Window Help
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Now, let’s change the font size used for the row
and column labels. All text used to annotate the
GV model may be modified in terms of font
styleand size. To change the font for the row
and column labels, select Grid->Options and
click the font button. Change the font sizeto 8
points and click OK to return to the Grid
Optionsdialog. Click OK again to return to the
GV menu.

Exu

Bow Number: ’1 %
Column Number: 11 @
Layer Number: ’1 %

Y ou will now import a base map to display with
themodel. Select File->Map->GW Vistas. A
file open dialog will be displayed. Choose the
map called “t2.map”, which can be found in the
demo directory (the default location is
c:\esidemo). After importing the map, select
View->Full->Screen to fit everything back in
the GV window. Y our screen should now ook
similar to the one shown below.

e[ 1

FarHelp, press F1 [AER : : [-447.88 [53.86

=| File Edit Yiew Add Plot Model Grid BCs Props XSect Window Help
|D§@?3Q§| i 2] 58] |3 |22 = _ﬁEﬂ C*§C|§0pa‘

Bow Number: 11 % Wiest Crogs-Section along Row 1 East
Column Number: ]1 @

Layer Humber: 11 E

Adding Rows & Columns

GV hasfour different modes when designing the
model. These include Analytic Elements, Grid,
Boundary condition, and Property zones. The

. —Jil design operation that you may perform is
determined on the Edit menu. Select Edit from
the main menu. At the bottom of the pulldown
menu you will see selections entitled Grid,
Aquifer Properties, Boundary Conditions, and
Analytic Elements. A check mark appears next
to the option that is the current selection and the
appropriate button is pushed down on the

toolbar. The button represents Analytic

=]

10 i

15 I

LAl
L

20 i I
i

25

Elements, represents Boundary Conditions,

stands for Property Zones, and

represents Grid operations. The Grid option
allows you to add, delete, and move rows,
columns, and layers. Aquifer Properties refers to assigning physical properties (e.g., hydraulic conductivity) to each cell in the model.
Analytic Elements refers to the grid-independent boundary conditionsin GV. Y ou will see the buttons on the right side of the toolbar
change depending upon which button is pressed down. This customization provides you with the most commonly used commands for
each mode.

=0 L

e[ [»

ForHelp. press Fi [Gridt Rl o1 L1 [-4B036  [EE435E |

GV givesyou the ahility to insert, move, and delete rows, columns, and layers. In order to perform these operations, you must bein

“grid” mode. Thisisaccomplished by selecting Edit->Grid from the main menu or by pressing the button on the toolbar. The
word grid will appear in one of the panes of the status bar at the bottom of the GV window.

Once in grid mode, the cursor behaves differently than in other modes. When you are close to arow or column grid line, the cursor
changes shape to either aleft-right or up-down arrow. Pressing the left mouse button when this cursor appears allows you to slide the
row or column line to anew position. You may not slide it beyond the adjacent row or column, however.

Y ou may insert or delete rows, columns, and layers using the menu commands. These are fairly straight forward. Select the command
(Grid->Insert->Row for example), move the cursor on the screen, and click the left mouse button. When deleting arow or column,
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the row or column closest to the cursor is deleted. Layers may be added above or below the current layer (the current layer is
displayed asL:1,2,3,... on the status bar).

The right mouse button has a specia usein GV. When you are in Grid mode, the right mouse button inserts arow or column into the
model or deletes the nearst row or column. The current grid operation (shown at the bottom of the Grid menu) determines what is
added or deleted. To add rows or columns to the model, select Grid->Insert Row or Grid->Insert Column from the menu. To delete
rows or columns from the model, select Grid->Delete Row or Grid->Delete Column from the menu. A check mark appears next to
the type of action that GV will take when the right mouse button is clicked in Grid mode. The appropriate button is also pushed down

on the toolbar ( to delete arow, to insert arow, to delete a column, and to insert a column).

In this example, you will add two rows and two columns to the model. First, click the button on the toolbar to enter Grid mode.
Next, split row 15 into two new rows by placing the cursor anywhere within row 15 and click the right mouse button. Repeat this
procedure for the next row to the south (Row 16 of the original model). When you insert arow or column, the default behavior isto
split the current cell in half. Y ou may change the way rows/columns are inserted by selecting Grid->Options.

Adding columns works the same way. Start by selecting Grid->Insert Column to place a check mark next to “Insert Column” on the
Grid menu. Now split columns 14 and 15 just like you did for rows 15 and 16 above. Position the cursor within Column 15 and click
the right mouse button. Repeat for the original column 16. Y our screen should look like the one shown below:

=| File Edit Yiew Add Plot Model Grid BCs Props XSect Window Help

L3

RowNumber: [T [ | ves Close Secon dna o e Y ou will now select Boundary Conditions as the

Column Number: |1 E current design mode so that you can add

Layer Number: |1 = boundary condition cells to the model design.

: Select Boundary Conditions on the Edit
pulldown menu. Y ou may also click the toobar

) : | icon .

P |

)
10 Vo s .

f \‘\ , In this example, you will add a column of
1 == = E constant heads along the | eft edge of the model
o] A, inlayer 1. You will then add two wellsin the

7 b bottom layer (layer 3) of the model.
N,
25
+ = = The easiest way to set alarge number of

= ] boundary conditions is to use the Window
3l command. Select BCs->Insert->Window from

ForHelp. press F1 |Grid [R:3[Ca7 [L7 [4611.09  [6000.90 | the main menu (or from the toolbar). The
cursor will change shape and appear like a mini-
finite-difference grid. Move the cursor to the upper left corner of the model (row 1, column 1) and press the left mouse button. Hold
the mouse button down and move the cursor to the lower left corner (row 30, column 1). Release the mouse button and a dialog
appears to confirm the coordinates of the window that you just created. Simply press the OK button to accept these coordinates. Next,
a constant head dialog appears. The only item that must be changed is the value of constant head. Change thisvalue to 150 ft. Notice
that by default the boundary condition is“ steady-state”. This means that the boundary cells will be active during the entire simulation.
In MODFLOW, constant heads are active for the entire simulation and cannot be changed. Y our screen should now ook like the one
shown on the next page.

Now, moveto layer 3 of the model. The easiest way to change layersis by clicking the “+" button next to “Layer” on the 3D cube
(called the Reference Cube) that is on the left side of the screen. Click the “+” button twice to get to Layer 3. The model will be
redrawn and the constant head cells will disappear. This happens because these constant head cells were defined in layer 1 (the top
layer) and we are now viewing the bottom layer of the model. Y ou should still see one constant head in the upper left corner of the
Cross-section view however.

Select BCs->Well from the main menu. This places a check mark next to the word “Well” indicating that we are now editing wells.
Next, select BCs->Insert->Single Cell. Move the cursor to row 16, column 15 and click the left mouse button. (Y ou could also add a
well by simply moving the cursor to row 16, column 15 and clicking the right mouse button.) Y ou will notice that as you move the
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cursor on the screen, the status bar at the bottom of the screen updates the current row and column. When you are at row 16, column
15 the status bar should read “R:16 C:15". After clicking the mouse button, awell edit dialog will appear. (Note that in MODFLOW,
negative flow rates are used for production and postive rates for injection). Enter aflow rate of -30000 ft*/d. GV assumes that units of
length and time are consistent for all parameters. In this example, all length units are in feet and all time unitsin days. Therefore,
hydraulic conductivity isin ft/d, well flow rates are in ft*/d, recharge isin ft/d, etc.

Add another well at row 8, column 16. Thistime, enter aflow rate of -40000. Use the same sequence of events that you used to insert
the first well.

GWVistas - [GYDEMO2.GWY] B
File Edit ¥Yiew Add Plot Model Grid BCs Props XSect Window Help

Creating MODFLOW Datasets

Crose-Section akng Row 1 The example model is now complete. The aquifer
properties have aready been set from the
initialization dialog because we are using a
homogeneous system. Y ou will now create a
MODFLOW data set, run the simulation, and analyze
the results.

The preprocessing of model-specific optionsis
accomplished using the M odel selection on the main
menu. Select Model and you will see options
including MODFLOW, MODPATH, MT3D, etc.
Select MODFLOW from the dropdown menu to
reveal another menu with numerous selections. You
will select several of these options before creating the
datafiles.

First, select M odel->M ODFL OW->Packages. The
dialog displays all of the MODFLOW packages and
allows you to create only the ones necessary for the current model. The default selections do not normally need to be changed. The
only change you need to make isthe root file name. Change this parameter to “T2". This means that the MODFLOW data files will
be named T2.BAS for the BASIC package, T2.WEL for the well package, etc. Select OK when you are finished.

Choose M odel->M ODFL OW->BCF Package to edit the layer typesin the Block-Centered-Flow (BCF) Package. Change layers 2
and 3 from type 3 to type O (confined) layers. Click OK when you are done. At this point, all of the model options have been selected.
Y ou will now run the model and view the results.

Thisisagood time to save your work. Choose File->Save As from the main menu. Use the file name T2.GWV for thisfirst example.
Click OK when you have entered the file name.

Y ou are now ready to create data filesfor aMODFLOW simulation. The simplest way to create data sets and run the model isto click
the calculator button on the toolbar. A progress dialog will be displayed briefly asthe files are created. Y ou will then be asked if you
want to view the error file. Choose Cancel for this example as there should be no errorsto view. After clicking Cancel,
MODFLOW""™ will start to run.

NOTE: If MODFLOW"™2 does not run, it means that GV could not find the proper model on your disk. To correct this problem,
select Model->Path to Models from the main menu. Click the BROWSE button next to MODFLOW and use the file dial og to find the
file called “ for2cpp.dll” . For versions of MODFLOW other than ES’s Windows version, find the executable model with the Browse
button. If this does not solve the problem, then make sure that the MODFLOW""™ directory isin your PATH statement in the
AUTOEXEC.BAT file on your hard disk.

When MODFLOW isfinished, adialog will be displayed notifying you that the simulation is done and asks if you want to process the
results. Choose YES to start the post-processing session. Y ou will next see adialog that allows you to specify what model resultsto
analyze (see the figure on the next page). The default settings allow you to read the head file from the MODFLOW run. We will also
look at the mass balance results so place a check mark next to “CBC Files’ as shown on the example dialog shown below. Click OK
when you are done.
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Files are Unformatted

Cancel I

Import?

= Import Model Results

Read Data for This Time Period

Stress Period |1 Time Step |1
MT3D? X Trangport Time Step |1 Browse... I
Head File Ic:\ngislas\lZ. hds Browse._ I
Drawdown File Ic:\ngislas\lz. ddn Browse... I
Concentration File Ic:\ngislas\de.ucn Browse... I
Cell-by-Cell Flow Ic:\ngislas\lZ. cbh Browse._ I

r
r
x
r

GV automatically contours the head results for the
current layer and cross-section views. The resulting
contours for layer 3 and for the cross-section along row
1 are shown below. Y our screen should look similar,
unless you have changed to another layer. Y ou may

" contour any layer or cross-section by simply changing

the settings on the reference cube. For example, if you
click the “-* button next to Layer on the cube, the layer
above the current layer will be contoured and displayed.
Similarly, if you select anew cross-section, it will also
be recontoured. Y ou may plot velocity vectors on the
map and cross-section by selecting Plot->What to
Display... from the main menu and placing a check
mark next to Vectors on the dialog. Y ou may also

produce a color flood map by placing a check next to

=| File Edit Yiew Add Plot Model Grid BCs Props

HX5ect Window Help

“Color Flood”. You display al or none of these
graphics using this dialog.

L3

NEFEEEEEEEEE PN
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GV givesyou full control over the contouring of

Row Number: I'I E Wzt

Crogss-Section along Rovw 1

East MODFLOW results. You may change the
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contour interval, the font used to draw contours,

Column Number: I‘I E || i e

the distance between contour labels, etc. These
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Layer Number:

=0 changes are made by selecting Plot->Contour -

>Parameters (Plan). Change the starting

P |

contour level to 149.0 and the contour interval

i
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to 0.2 ft. Also, change the font size to 10 points.
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I Thisis done by clicking the font button on the
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i diaog. Click OK when you aredone. A dialog

will then tell you that the view should be
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Other Types of Plots
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T +jll GV provides you with the tools to create many

FarHelp, press F1 [BCs [R26 (3 [L3 [FD24B

= LS

[475.83

Eile Edit Tools Yiew Gallery Help

BFEBEIME RN

Mass Balance Suminary

Flux

Whest East Morth South Top Wil Errar

= 35‘ types of maps and graphs that are useful in
' analyzing model results. These are accessed
from the Plot menu. We will explore afew of these plots now.

Select Plot->M ass Balance->Window from the main menu.
Next drag arectangular region on the screen. After you release
the left mouse button, a dialog appears summarizing the flow of
water into and out of the rectangular region you defined. The
summary includes any boundary conditions that are within that
rectangle in the current layer. An example is shown on the next

page.

Y ou may produce a bar chart of the mass balance results by
simply clicking on the “Graph” button on the dialog. An example
is shown to the left. Another useful mass balance feature of GV
isthat the flux rate of water into or out of aboundary cell is
displayed on the status bar when the cursor moves over a
boundary cell. Try this feature by moving the cursor over a
constant in layer 1. The flow rate into the constant head for Row
1, Column 1 should be about -1561 ft*/d (NOTE: Y ou must bein
Boundary Condition mode to view fluxes; pressthe “B” button on

the tool bar to enter BC mode). The negative sign isthe MODFL OW convention for water being removed from the aquifer.
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From Row 6 to 23
From Column 6 to 21

Layer 3 4 8345e+003

| Top: 5.7273+004

-5.7180e+003 9.0724e+003

Bottom: 0.00006+000 |

4. 7536e+003

Storage: 0.0000e+000
In: 7.5934e+004 Out: 7.5718e+004 Eror: 2.1582e+002

Constand Head: 0.0000e+000 Well: -7.0000e+004
River: 0.0000e+000 Drain: 0.0000e+000
Stream: 0.0000e+000 GHB: 0.0000e+000

I VYT PP | rother graph that shows head reltionships between

different layers of the model isthe “profile” plot. A profile
issimply agraph of head, concentration, drawdown, or
water flux plotted versus distance along the current cross-
section. Select Plot->Profile->Head from the main menu to
display aprofile of head in your example model. An
example profile plot through Row 15 is shown to the lft.
This plot shows the head relationships around a pumping
well.

Particle-Tracking in GV

GV provides pre- and post-processing of particle tracking
results for MODPATH (both the steady-state and transient
versions) and for PATH3D. In the following example, we
will use MODPATH. GV comes with two versions of
MODPATH, the original USGS version that was limited to

=

Eile Edit Tools Yiew Gallery Help

EHEIE R EEEL B OEEE ENEE
Section Profils - Row 15 [ Layer 1
1523 f”"‘
P Layer 2
1518
- 1512
1506 /"/r\v A Layer 3

1500 . . . . .
165.0 2079.0 F993.0 5907.0 710 97350
Distance

steady-state conditions and the newer version (Version 3.0) that
works with transient models as well.

Particle tracking is aform of transport modeling in which only the
bulk movement of groundwater isinvestigated. Particle tracking
neglects the effects of chemical reactions, dispersion, and
diffusion. Theresults of a particle tracking smulation are
displayed by plotting pathlines through the aquifer system.

Travel times are often labeled on the pathlines.

Y ou start the particle tracking analysis by adding particle starting
locations to the model. First, moveto layer 1 by clicking the “-*
button next to layer on the cube until the number 1 appearsin the
Layer field. Select Add->Particle->Line from the GV main
menu. Move the cursor to the upper right corner of the model
(north-east corner). Click the left mouse button and drag alineto
the lower right corner. Make sure the line of particlesiswithin
the bounds of the finite-difference grid. If the particlesare
outside the grid, they will not be tracked. Release the left mouse

button to display adialog. Change the number of particles along the line to 20 and click OK.

Now, select M odel->Use MODPATH to make MODPATH the current model. A check mark should appear next to “Use
MODPATH?” near the bottom of the Model menu. Click the calculator button on the toolbar and click the “Yes” button on the next
diaog that asks to create MODPATH data sets. Select CANCEL from the next dialog that asks if you want to view the Error/Warning
file. Now, MODPATH runs and produces resultsin a“ pathling” file that GV will process. GV runs DOS and other console
applications as minimized icons. Y ou will see the MODPATH model as an icon when it is running and it will disappear when it is

finished. Usually this does not take very long with MODPATH.

Finally, a dialog asks whether you would like to display MODPATH results. Select YES and then find the file called “pathline.ptl” in
the subsequent “File Open” dialog. Click OK when thisfileis selected. GV will now read the file and display the pathlines in both
plan and cross-section views. Y our screen should look similar to the one shown on the next page.
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-[=ll Model Calibration with GV
=| File Edit Yiew Add Plot Model Grid BCs Props XSect Window Help % Calibration is one of the most complex parts of
\EIE"E' Bjelefa]|£]l7]0]+®) ‘ applying groundwater models. GV assists
RowMNumber: |15 (29 | west Cross-Section slong Row 15 Esst model calibration in three ways: (1) calculation
Cotumn e || H A tHHH of calibration statistics for head, drawdown,
B ' [ [ U QUL ! concentration, or flux, (2) automated parameter
Layer Number: [’ = 5 10 5 25 = |Hll senstivity analysis, and (3) support for the
: . HH : == = Ss==Su PEST model-independent calibration software.
5 ¥ B e mm :& You start by adding calibration targets to the
: , f"i_% J == model. A calibration target is a point in the
10 ;’ :5‘}’ e me = aquifer where a measurement of head,
i e drawdown, concentration, or flux has been
1 =22 =F SoNm e made. Calibration targets may be either steady-
P L == : ;' = 1 ,, state or transient. \When you run the model to
] 1 i B v - compare against the target values, GV readsthe
25 I’ ] If’ - f? I: EEE model results and interpolates the model result
R ks = 1 in both space and time to compute an error or
0 i iR T, REw % residual. Analysisof residua statisticsisa
AL R ] sl powerful way of determining calibration quality
@ 2 and guiding further refinements to the model.
FarHelp. press F1 |AEM R [C24 L1 [F110.88  [EB27.79  [NoFlow The following exercise will illustrate the

calculation of calibration statistics and automatic sensitivity analysis. PEST support is not covered in this demo.

We will start by defining 16 head target |ocations in our example model. Rather than type in the data manually, you will import atext
file containing the target data. GV provides many dataimport features for calibration targets, boundary conditions, aquifer properties,
and base maps. Select Plot->Calibration->Import Targets from the main menu. Find thefile called “targets.dat”, which should be
in the demo directory (default is c:\esidemos). Click OK when you have found it. GV will report the number of targets successfully
imported. In this example, there should be 16. The targets will appear on the plan view as small blue dots. Targets are only displayed
for the layer in which they are defined. You should see6inlayer 1, 5inlayer 2, and 5inlayer 3. You may edit target information by

double-clicking on atarget symbol (Y ou must be in Analytic Element mode, however; click the button on the tool bar to edit
targets in this manner).

= ~12]| Youwill need to import model results again in order to compute
File Edit Tools ¥iew Gallery Help the calibration statistics. Select Plot->Import Results and click
=|H]|@] % [S] [ ¢ [me]s] []]]R] OK onthedialog. All of the options should be set properly from

Obsorved vs. Compuled Target Yakies [ Layer 1 the last run you made. Y ou may view the calibration statistics by

selecting Plot->Calibration->Statistics/Plots... A dialogis
displayed that allows you to select the type of targetsto use in the
calculation (head, concentration, drawdown, or flux). You may
1523 * also plot only selected ranges of layers. To view the statistics for
@ Layer 2 this model, click the Statistics button. The residual sum of

1519 squares should be about 7.06E-03 ft>. Click OK to leave this
dialog. Now click the Plot button. A graph of observed vs.

1514 computed headsis displayed. Targets are color coded by layer.

Y our plot should be similar to the one shown to the l€ft.

Model alue

1508 F Y A Layer 3
a8 Another way to view the target residuals (errors) isto post them
1e0ze® . . . . on the contour map. Y ou do this by selecting Plot->Calibr ation-
1503 1508 1514 1518 1525 >Post Residuals. Target residuals are posted when a check mark
Ohserved Valie is displayed next to “Post Residuals’ on this menu. In this

example, theresiduals are too small to read. Y ou may change the
font size by selecting Plot->Calibration->Target Options. Click the font button to change the size or font. Select View->Refresh to
redraw the window with the new font.

Sensitivity analysisis an integral part of model calibration. Sensitivity analysisis the process whereby model parameters or boundary
conditions are altered dightly and the effect on model calibration statistics is observed. By producing a series of simulations with
different values for asingle model parameter, you get afeel for how a parameter may be modified in order to achieve a better
calibration. Thisis atedious process because many simulations are required for each parameter and there are often many parameters
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to analyze. GV provides you with an automated way of performing a sensitivity analysis that greatly improves the process. You
simply choose a parameter type, the number of simulations, and a parameter multiplier for each simulation. GV then runs MODFLOW
the desired number of times and produces a sensitivity plot. For each simulation, GV multiplies your initial parameter value by the
multiplier you specify. After al of the simulations are finished, GV plots calibration statistics versus parameter multiplier to visually
show the results of the analysis.

I || Yovstart asenditivity analysis by selecting M odel->Sensitivity
File Edit Tools View Gallery Help Setup. Select Kz asthe parameter to vary. Keep the default of
EEIEIE |§| ul ] B+ [s[@]F ) RELE] FE2]T[ Zonenumber 1and 5 simulations. Click on the “Multipliers’

button. Enter the values 0.2, 0.5, 1.0, 1.5, and 2.0 for simulations

1 through 5, respectively. Click OK when you are done and click

OK onthemain dialog. Running the analysisisas simple as

selecting M odels->Run Sensitivity from the main menu. You

will see MODFLOW flash on your screen five times and after the
last simulation a dialog will ask whether you would like to see the
results. Select “Yes’ and you are asked to choose a variable to
plot for each run. The choicesinclude sum of squared residuals,
residual mean, residual standard deviation, average drawdown,
and total flux to a designated boundary condition reach. A plot of
residual sum of squaresvs. multiplier is displayed at the left for

Sensitivity Analysis

0s

o7

0s

0.3

Sum of Squared Residuals

0z

this exarnpl e

oo HE
020 0.50 1.00 150 2.00 By producing a series of sensitivity plots, you can quickly
= determine the optimum parameter values to assign in your

calibrated model. Of course, these parameters should be
reasonable values given your knowledge of the aquifer system.

Editing Aquifer Properties

Aquifer properties, such as hydraulic conductivity, are defined in GV using the “zone” concept (See the Help File topic entitled
Concepts for amore elaborate discussion on zones). This means that you define a finite number of zones for each parameter and
assign a zone number to each cell in the model. A zone number represents a fixed value for the parameter. When you first set up a
model, every parameter is assumed to be homogeneous and every cell in the model is assigned a zone number of 1. For example, you
entered an initial hydraulic conductivity value of 100 ft/d in the first GV dialog. GV assignsthis value to zone 1 and then assigns zone
1 to each cell in the model.

GV displays zones using colors and fill patterns. To view and edit parameter zone values, select Edit->Aquifer Propertiesor click on

the button on the toolbar. Pull down the Props menu and you will see all of the available properties listed at the bottom of the
menu. The property type with the check mark next to it is the one you are currently viewing and editing. Simply click on another
property type to change the current property.

If the parameter zone is homogeneous, GV does not fill in the cellsin your model. However, you may see the zone and property value
assigned to cells by simply moving the cursor around the grid. The zone number and property value assigned to that number are
displayed on the | eft side of the status bar at the bottom of the GV window. Do this now and you should see Zone:1 Kx=100.0. This
means that the cellsin you model are assigned a hydraulic conductivity (K) zone number of 1 and that zone 1 represents a K value of
100.0 ft/d.

We will now change the distribution of hydraulic conductivity in your model by first defining another zone value and then assigning
this new zone to some cellsin your model. Thefirst step isto modify the database of zone numbers for hydraulic conductivity. Select

Props->Property Values->Database or press on thetoolbar. You will see adialog that lists zone numbers on the left (NOTE:
these are NOT layer numbers). There are three columns labeled Kx, Ky, and Kz. These are the three directional values of hydraulic
conductivity. You should also see that zone 1 has been assigned values of 100.0, 100.0, and 10.0 for these three parameters,
respectively. All other zone numbers in the database have values of zero. Now, change the Kx, Ky, and Kz values for zone 2 to 25.0,
25.0, and 2.5. Click OK to save these values.

By changing the value of the property assigned to zone 2, you have not changed the model at all because no cells are currently assigned
zone 2! You have simply alowed for the possibility that avalue of 25.0 ft/d may be assigned for hydraulic conductivity. To actualy
change certain cells to this new property value, select Props->Set Zone Number s->Window. Now move the cursor to alocation
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within the model and drag a rectangle on the screen. Release the left mouse button and you will see adialog asking for the zone
number to assign to thisregion. Enter avalue of 2 and click the OK button (or simply hit the Enter key). The screen will now be
redrawn and you should see blue cells for the region covered by zone 1 and red for the region covered by zone 2. Asyou add more
zone numbers, the colors change so that blue is assigned to zone 1 and red to the highest zone. A spectrum of colorsis assigned
between the two extremes. Y ou may change the color and pattern assigned to each zone by selecting Props->Property Values->Edit
Zone Colorsand Props->Property Values->Edit Zone Patterns.

The Future of GV...

ESl is committed to making GV the most comprehensive and least expensive modeling platform in the industry. We have many
enhancements planned for the near future. Many of these enhancements will be sent to GV users free of charge or distributed over
Internet. The following are some of the new features that will be added over the coming months:

Telescopic Mesh Refinement (TMR)

TMR isthe ability to create a new refined model covering a subregion of alarger model. The new model has smaller grid spacings and
usually more nodes than the large-scale model. Thistechniqueis useful for performing transport modeling over a portion of the
original model. The TMR technique applies boundary conditions from the regional model to the subregional model based upon the
user’s choice of constant head, constant flux, or head-dependent flux boundary conditions. These boundaries are interpolated from the
larger-scale model automatically by GV. The small-scale model captures all of the complexity of the regional model and preserves the
regional flow effects at the local scale. TMR is planned for releasein GV by the end of September 1996.

3D Graphical Displays

In order to keep the price of GV aslow as possible, ESI will not build three-dimensional visualization directly into GV. Rather, we
intend to offer file export featuresin GV that will allow you to use whatever graphics program you wish. The supported visualization
packages will include (from least to most expensive): Sicer by Fortner Research (formerly SpyGlass), Environmental Workbench by
SSESCO, and EVS. Many other packages can be supported using GV’ s generic 3D data export feature. These file export options are
expected to be complete by the end of October 1996.

Stochastic Simulation

GV will be enhanced thisfall to include pre- and post-processing capabilities for stochastic simulation using Sochastic MODFLOW.
ESl, in cooperation with the author of Sochastic MODFLOW, will offer afree upgrade to GV for these stochastic enhancements and a
fee for the purchase of Sochastic MODFLOW for Windows. Y ou will be able to perform Monte Carlo simulations using both
MODFLOW and MODPATH. These enhancements are planned for January 1997.

Automated Calibration Techniques

Groundwater Vistas already offers the most powerful set of calibration features of any modeling system. The most significant to
applied modelers is the automatic sensitivity analysis as demonstrated above. The automatic sensitivity analysis will be taken one step
further to include a nonlinear |east-squares approach to model calibration. Y ou will simply choose which parametersto estimate, set
bounds for the estimated parameters, and GV will run MODFLOW, MODFLOWT, MODFLOW-SURFACT, or MT3D many timesto
perform the least squares analysis. While there are several such inverse models on the market (including PEST which comes with GV
inatrial version), GV will be unique in providing you the ability to monitor the progress of the calibration and intervene during the
process. Automated Calibration is planned for late 1996.
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MODFLOWY"2 Demo!

MODFLOW"'™? s Environmental Simulation’s version of the popular USGS groundwater flow model. It hasall of the features of other
MODFLOW versions, including the newest packages added over the years snce MODFLOW' s origina release by the USGS. These new
packages include the Stream Routing Package, Aquifer Compaction Package, Horizontal Flow Barrier Package, BCF2 and BCF3
Packages, and the new PCG2 solver. In addition, MODFLOW"™?will create files for use with MODPATH (a particle-tracking model)
and MT3D (asolute transport model). MODFLOW""™, asits name implies, isa 32-bit program designed to address all of the memory
availableto Windows. The software will runin al versions of Windowsincluding Version 3.1, 3.11, Windows 95, and Windows NT.

MODFLOW"™2 js atrue Windows program; not just a DOS program that will runin Windows DOS box. A comprehensive contouring
program, called Contour*™®?, isincluded with MODFLOW"'™ to provide for post-processing of MODFLOW simulation results. Both
head and drawdown may be contoured from any time-step, stress period, or layer. 'Y ou may also overlay abase map in WinF ow,
QuickFlow, ModelCad, and DXF formats. Particle-tracking results from MODPATH (not included with this MODFL OW""¥?) may also
be displayed on the contour maps. In addition, the finite-difference grid may be plotted over the contours.

MODFLOW"™2 does not include any preprocessing software; however, you may purchase ESI’s Groundwater Vistas preprocessing
software at a special price when you also buy MODFLOW""™2, The cost of MODFLOW""™2 bundled with Groundwater Vistasis half the
cost of Visual MODFLOW and aso much less expensive than PMWIN or Model Cad.

This demonstration version of MODFLOW""™2 isfully functional with the following limitations: (1) MODFLOW has been limited to the
size of the demo problem (about 2,700 nodes), and (2) Contour™? will not print or save files. (Please note that you must be running
Windows Version 3.1 or higher with at least 4 megabytes of RAM and 4 megabytes of disk space available.) We hope that this demo

version will assist you in your decision to purchase MODFLOW"™2, |f you have any questions, please fed freeto give usacall.

Contour'¥in32 - MOD201.CNT
File Edit VYiew Add Options Calc Window Help

NECBEEEEEREE 27|

=] MOD201.CNT

ModFlowWin32 Yersion 1.0
Developed by:

Jim Rumbaugh
Doug Rumbaugh
Copyright [c] 1995 Envil

Operating System: Microsoft Win32s 3.10 [Build: 123)

ModFlow'Win32

Simulation | Input | Output Progress

P

5 olution Method: I

Pumping Period: 1 Iteration:  Head Chanage: Residual:

Time Step: 1 187 0.0009592
186 0.002003
Iteration: 187 185 0.01887
184 0.01273
Outer: 183 0.003367
182 0.002802
Inner: 181 0.002057
180 0.04645

E tion P

Process Yield Level: |2 - Additional yields during some write operations.

Bun I| Abort I| Converge I

|Current |5677.45 58917
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MODFLOW Features

MODFLOW""2 s ESI’s version of this popular groundwater flow model, originally developed by the USGS. MODFLOW isa3D
finite-difference groundwater flow mode! and there are many versions available. Unlike MODFLOW versions from other vendors,
however, ESI’s MODFLOW""™* was devel oped specifically for Microsoft Windows (Win32s) and Windows NT. Using a unique
technology, MODFLOW"™ runs as a DLL which is controlled by a shell program or by ESI’s Contour™? which is provided with
MODFLOW""™,

MODFLOW"™2 contains all of the popular add-on packages (BCF2, BCF3, PCG2, HFB, Compaction, Stream Routing) and is a 32-
bit program utilizing all available memory. Contour"'"™ is a postprocessor for contouring MODFLOW results and displaying particle

trace pathlines computed by MODPATH. Thefollowing are alist of capabilities for this unique software combination:

MODFL OW""3?;

Runs 10 to 20 percent faster than other versions of MODFLOW for DOS!

Contains the BCF2, BCF3, PCG2, STREAM Routing, and Aquifer Compaction Packages;

User interface organizes file names and allows user to “abort” the simulation or force convergence when the solution oscillates;
Uses al memory available to Windows, including virtual memory;

Runs asa32-bit DLL in Windows V3.1+, Windows NT, and Windows 95;

Reads files created by all popular MODFLOW preprocessors;

All MODFLOW manuals have been reformatted as Windows Help files;

Provides several user-selectable levels of multi-tasking, even under Windows V3.1,

Iteration data displayed as MODFLOW runs.

win32.

Contour

Included with MODFLOW"'"™

Displays contours of head and drawdown for any layer and for subregions within the model;
Overlay base mapsin DXF, Model Cad, or WinFlow format;

Contour head and drawdown while MODFLOW"™2 s running;

WY SIWY G printing with print preview and user-defined margins to any Windows device;
Export contour maps in Spyglass, Geosoft, SURFER, DXF, and Windows Metafile formats;
Displays particle traces from MODPATH,;

Displays finite-difference grid;

Annotate maps with scale bar, titles, arrows & travel times on particle traces;

Computes calibration target statistics and post residuals (errors) on map.
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Exploring MODFLOW"'"*

The MODFLOW""™2 demonstration, described below, introduces you to most of the important features of this software in a step-by-
step example. Y ou will be given very specific instructions to show how to use MODFLOW to solve real-world problems. Ina
graphical user environment such as Windows, it is difficult to tell you exactly what to do during each step, however, because many of
the steps involve using the mouse. This demonstration provides several snap-shots of the MODFLOW"'™2 and Contour"'™? screens
to show you what your screen should look like.

The exercise below tells you to select menu items and a short-hand method is used to indicate what menu items are to be selected. The
menu items are listed in order of selection and are separated by a“->" symbol. For example, instead of writing the following text:

Select File from the main menu and then select Open from the pulldown menu
the following shortened version is adopted in this manual:
Select File->Open

Some instructions for using the mouse should also be explained here, athough most Windows users understand these concepts. The
word “click” refersto pressing the left mouse button once and “double-click” means to press the mouse button twice in rapid
succesion. Theword “drag” means to press the left mouse button and move the mouse to another location on the screen while keeping
the button pressed down. Release the mouse button when the cursor is on the desired location.

Running a MODFLOW Model

We will start this demonstration by showing you MODFLOW"™? and Contour”"™* separately. The final section will illustrate how
the two programs work together. To start, double-click on the MODFL OW"™2 jcon now. Y ou will see atab dialog interface with the
following sections or tabs: _

Simulation - readsin aMODFLOW""™? simulation input file (containing all data set names),

Input - allows you to specify the names of MODFLOW input files (Basic Package etc.),

Output - specify output file names (Head-save, cell-by-cell, etc.),

Progress - displays iteration and error summaries as the model! runs, and

Head/Drawdown - communication with Contour*"*

You will select “Input” by clicking the mouse on the Input tab. Click the Input File button to start entering file names for a
MODFLOW simulation. Select T1.BAS from thefilelist and click OK. Thisisthe way you will start MODFLOW"™2 ysing existing
MODFLOW data sets. Now, click the Run button at the bottom of the MODFLOW""™ dialog. You will be asked to provide file
names for packages and output files needed for the simulation. Simply select the only file name given (T1.*), in the order below:

T1.BCF - Block-Centered Flow Package
T1WEL - Well Package

TLRIV - River Package

T1.RCH - Recharge Package

T1.SIP - SIP Solver

T1.0C - Output Control

After the output control file, you must enter two additional files for computed head and drawdown. These files do not exist, so no file
names appear in thedialog. Simply type the following names in the order shown below:

T1.HDS You will typein thisname for head output for contouring
T1.DDN You will typein this name for drawdown output for contouring

After entering the drawdown file name (T1.DDN), click the Progress tab to see how the simulation progresses. This particular run

consists of 2 stress periods with 20 time steps each. The model is relatively small so the simulation should not take long. When
finished, your screen should look like the screen shown below:
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Now, you will save thissimulation in a
MODFLOW"'"2 file for processing by
the contouring program. Click the
Simulation tab and then click the Save
Asbutton. Enter afile name of
T1.MFW. Click the OK button when
finished. Finaly, click the Close button
at the bottom of the dialog to end the
MODFLOW session.

Contouring the Results

We will now show you the procedure for
contouring MODFLOW" ™2 output.
Double-click the Contour"™? jcon.

Start anew map by selecting File->New

from the menu. You may also press the

button on the toolbar below the
menu. To load a set of heads or
drawdowns from the MODFLOW
simulation, select File->M odel and

= ModFlowWin32

rProgress Information

Simulation I Input I Cutput |ngless| Head/Drawvwdown I

Solution Method: I

Pumping Period: 2

Time Step: 20

Iteration: 1
Outer:

Inner:

Iteration:

Head Change: Reszidual:

Y —y

-0.0001 861
-0.00018374
-0.0001888
-0.0001901
-0.0001915
-0.0001929
-0.0001943
-0.0001958
-0.0001973

| |+

-Execution Parameters

Process Yield Level: |2 - Additional yields during some write operations.

2

Bun Abort

|| Converge I

| Close I | Help I

choose the TLMFW file. Click OK when you are finished selecting the MODFLOW"'"™2 file. After afew seconds, alist of heads and
drawdowns are presented showing the variable type (Head or Drawdown), Stress Period number, Time Step number, and Layer
number. Choose Heads in Stress Period 2, Time Step 20, Layer 3 and click the OK button. Head contours will be displayed on your

screen for the selected time and layer.

ContourWin32 - [ConWin1]

LLET

I

\\._
o
o
Il
+[ 1 [+

For Help, press F1

[Current  |a@7e6l  |d27e.ar

[53.064

Overlay adigitized base map by selecting
File->Map->WinFlow from the menu.
Select T2.MAP and click OK. A further
dialog is displayed asking for coordinate
transformation details. Simply click OK
to accept the defaults (If you are using
Model Cad, you can enter the offsets and
rotation to adjust the map to the model
grid using this dialog). Your screen
should look like the one shown at the left.
Contour"™2 can plot the finite-difference
grid on the contour map. Select Options-
>Grid from the menu. Click “Display
Numbers’ for both rows and columns.
Click “Display Grid” to plot the grid on
the screen. Finally, change the Interval to
5 so that row and column numbers are
labelled every 5 cells. Click OK when
you are done and your screen should look
like the one at the top of the next page:

By default, Contour""™* selects a contour
interval to show 10 contour levels. You

may change the contouring parameters by selecting Options->Contour ->Par ameter s from the menu. Change the minimum contour
level to 150.0 ft and the contour interval to 0.2 ft. Click OK when you are finished. A message will then appear asking you if you
want to recontour using these parameters. Select Yesto do this.
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Although MODPATH is not part of the MODFL ow"in package (a version isincluded with Groundwater Vistas, however),
Contour™2 wil| display MODPATH results and MODFL OW" "™ output files are compatible with most MODPATH versions from
other vendors. We have provided a MODPATH output file with this demo to show you how to process particle-traces.

Contour¥in32 - [Con¥Yin1]

Select Options->Particle from the menu.
Click the Browse button to show alist of

Ak [ 4}

=| File Edit

files and select the file called EEEE ?gk?g\
PATHLINE.PTL. Also, click the 5 10 15 20 25 =0 =
“Display traces’ button on the dialog \\ JII ; . : . =
after selecting the file. Click OK when T = ! ]
you arefinished. Y our screen should 5 Id:; ' : Irf
look like the one shown below: ‘1\ I —— v ‘] i 7
i SO e
Particle traces may be annotated with 10 T;{F N — I /f f éf‘f =
travel time and arrows. Select Options- T v 7 AL
>Arrow from the menu and click - = 7 , e
“Display Arrows” onthedialog. Click '@ Ll A e A -
OK when you are done. This causes e o [f it : P (52 fji; ﬁ*l
arrow-heads to be displayed on the o] — WL s [ I
traces. You can add time postings using | 7 i ] W
Options->Time. o A !
il i { / [
y Emrimm Ay mae==a ]
Contouring While - 1 I e
: : i I [ i [ i ——
MODFLOW is Running =0 j T r ! = =
_ | [+
We will now show you how For Help, press F1 [Current (901079 [526255 [153.793

MODFLOW"™2 and Contour"'™? can
work together. Under al versions of
Windows, the two programs ContourWin3?2 - [ConWin1]
(MODFLOW and Contour) are totally =| File Edit View Add Options Calc Window Help
linked. MODFLOW""™ can start the G o |5 |
Contour"™? program and vice versa. . o

L E L3

b
4
[

I :
Double-click the MODFLOW"™2 jcon | A
to run the model again and click the o I

Open button in the MODFLOW dialog. \,\ %
Select the T1.MFW file and click OK. A
Start the model simulation by clicking a0
the Run button. Now click the I
Head/Drawdown tab to see heads and a
drawdown data written to the output 15 o

files. When some appear on the screen, y
select one by clicking on the line i
containing the desired variable, stress HHEHH
period, time step, and layer number. |
Choose any one and click the Contour o L
button. This causes MODFLOW""2 to l
run Contour"™? and pass the data to
Contour"™2, which will open anew —H I
document and contour the data. You - B
Ehe?#'!]g ?ﬁi ﬁgggfge'w?v?ngzeﬁgd For Help. press F1 [Current  [7789.04 [483258 [153.454
Press ALT-TAB to see the entire map and ALT-TAB again to get back to MODFLOW""%,
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WinFlow Demo!

WinFlow is a powerful yet easy-to-use groundwater flow model. The model is similar to Geraghty & Miller's popular QuickFow
model, which was developed by Jm Rumbaugh, one of the authors of WinFlow. The most notable improvement over QuickFlow is
compatibility with Microsoft Windows™ V3.1. Itisnot just a DOS program that happens to run under Windowsin a DOS shell.
WinFlow is atrue Windows program incorporating a multiple document interface (MDI). The following discussion explains the basic
features of WinFlow, how to install the demonstration version of the software, and the many differences between WinFlow and
QuickFlow.

WinFlow is an interactive, analytical model that simulates two-dimensional steady-state and transient ground-water flow. The steady-
state module simulates ground-water flow in a horizontal plane using analytical functions developed by Strack (1989). The transient
modul e uses equations devel oped by Theis (1935) and by Hantush and Jacaob (1955) for confined and leaky aquifers, respectively.
Each module uses the principle of superposition to evaluate the effects from multiple analytical functions (wells, etc.) in auniform
regional flow field.

The steady-state module simulates the effects of the following analytic elementsin two-dimensional flow: wells, uniform recharge,
circular recharge/discharge areas, and line sources or sinks. Any number of these elements may be added to the model, including a
uniform regional hydraulic gradient. The model depicts the flow field using streamlines, particle traces, and contours of hydraulic
head. The streamlines are computed semi-analytically to illustrate ground-water flow directions. Particle-tracking techniques are
implemented numerically to compute travel times and flow directions. Both confined and unconfined aquifersare simulated with
the steady-state module.

The transient module simulates the effects of wells, circular ponds, linesinks, and a uniform regional gradient for confined and leaky
aquifers. Numerical particle-tracking is also available in the transient module. The transient module computes hydraulic heads using
the Theis (1935) equation for confined aquifers and the Hantush and Jacob (1955) equation for leaky aquifers.

WinFlow is simple to use and highly interactive, allowing you to create an analytical model in minutes. The software features standard
Windows pulldown menus and dialogs to facilitate the model design. The model is recomputed and recontoured either by selecting a
menu item or by pressing atoolbar button. Streamlines and particle-traces are added interactively and recomputed each time new wells
or other elements are added.

WinFlow can import a Drawing Interchange Format (DXF) file (from AutoCAD for example) to use as a digitized base map.
QuickFlow and Model Cad-format map files may also be imported into WinFlow. The digitized map gives the modeler aframe of
reference for designing the analytical model.

WinFlow produces report-quality graphics using any Windows device driver. Output may also be exported to awide variety of file
types, including SURFER, Geosoft, Spyglass, Windows Metafiles, and AutoCAD-compatible DXF files.

WinFlow Features

The WinFlow demonstration version is fully functional, with the exception that models cannot be saved or printed. All other features
are functional, including the on-line help system which contains the entire WinFlow manual. Press F1 at any time to view the Help
file. WinFlow has the same basic capabilities as Geraghty & Miller’s QuickFlow software, although many features are different or
enhanced. The features that WinFlow has in common with QuickFlow include the following:

Simulates both steady-state and transient flow;

Simulates both unconfined and confined aquifers;

Simulates effects of wells, linesinks, ponds, and recharge;

Imports map filesin DXF format, QuickFlow format, or ModelCad format;
Visualizes model results with water-level contour maps,
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H [llustrates groundwater flowpaths using streamlines and particle traces;

The most notable enhancement is that WinFlow is a standard Windows MDI (Multiple Document Interface) application. Experienced
QuickFlow users should scan the following list to get afeel for these enhanced features:

H Linesinks and pondsincluded in the Transient mode!;
Calibration targets and calculation of calibration statistics;

Each analytic element may have atitle with full font selection;
Double-click an element to edit;

Click and drag to reposition elements, streamlines, or particles;
Click and drag to resize linesinks and ponds,

Multiple document interface (MDI) allows multiple models to be open at the same time;
Cut, copy, and paste elements to/from the clipboard;

Maps may be printed using any Windows device driver;
Coordinates and head are displayed as the cursor is moved;

Full context-sensitive help system (the entire manual is on-line);
DXF file import from within WinFlow;

Common commands are available on the Toolbar; and
Drag-and-drop input filesinto the WinFlow window.

Exploring WinFlow

After installing the demo version of WinFlow, you have severa alternatives for exploring its features. Thefirst isto run through the
demonstration described below. This describes most of the basic WinFlow features. Another option isto run the example WinFlow
data sets contained on the demo disk. Select File from the main menu and Open from the dropdown menu. Y ou should see three files
(ex1.wfl, ex2.wfl, and ex3.wfl). Select any of the three examles and choose OK. Use the on-line help and your own intuition to
explore from here (Press F1 at any time for help). Thefinal aternative isto load existing QuickFlow files. Thisis done by selecting
File and Open from the main menu. Next, select QuickFlow under the button labeled “List Files of Type” (NOTE: your QuickFlow
files must end in the extention gfl).

Introduction

The WinFlow demonstration guide introduces you to most of the important features of this software in a step-by-step example. You
will be given very specific instructions to show how to use WinFlow to solve real-world problems. In agraphical user environment
such as Windows, it is difficult to tell you exactly what to do during each step, however, because many of the steps involve using the
mouse. This demonstration guide provides several snap-shots of the WinFlow screen to show you what your screen should look like.
In addition, the final data files are provided so that you may skip most of the following steps but still get afeel for how WinFlow
works.

The demonstration guide tells you to select menu items and a short-hand method is used to indicate what menu items are to be selected.
Thus, the menu items are listed in order of selection and are separated by a“->* symbol. For example, instead of writing the
following text:

Salect File from the main menu and then select Open from the pulldown menu
the following shortened version is adopted in this manual:

Salect File->Open
Some instructions for using the mouse should also be explained here, although most Windows users understand these concepts. The
word “click” refers to pressing the left mouse button once and “double-click” means to press the mouse button twice in rapid

succesion. Theword “drag” means to press the left mouse button and move the mouse to another location on the screen while keeping
the button pressed down. Release the mouse button when the cursor is on the desired location.
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Setting Up the Model

F
L

Start the WinFlow program by double-clicking on itsicon, wﬁ. Y ou should see a simple menu displayed above a blank window. A

new model is started by selecting File->New or by pressing the button on the toolbar below the menu. Now you can start to
design the model.

Thefirst step in most modelsis to import a base map that will serve as your reference point for the model. Two maps have been
supplied for use in the demonstration guide. Y ou will import the map called PLUMELMAP. Select File->Map->WinFow and
choose plumel.map in the standard Windows file dialog. Y our screen should now look like the screen shown below. Notice the green
arrow in the center of the screen, which denotes the location of the “reference head”. The reference head is actually located at the
center of the base of the arrow. The reference head is apoint in the aquifer where the head is fixed during the simulation and cannot
change. Thisisanaogousto a“constant head” in a numerical model, such as MODFLOW. Y ou must be careful to locate the
reference head as far from the area of interest in your model (e.g., pumping wells) as you can.

In this example, we want to move the reference head to the upper left portion of the screen. Y ou should now move the green arrow to

coordinates X=167600 and Y=163180. Place the cursor over the green arrow until you see the <€ED cursor. Now, hold down the left
mouse button and drag the green arrow to the desired coordinates. The coordinates are displayed in the lower right corner of the status
bar at the bottom of the screen. The coordinates do not have to be exact, since you will be able to edit them when you release the
mouse button.

= : 0 @ Now, again place the cursor over the reference head

B file Edit ¥iew Add Options Calc Model Window Help (green arrow) and double-click the left mouse button.
EE = EEE P AR B R E R 21w Y ou will see adialog that lists data corresponding to the

P, reference head. Check the coordinates listed in the

dialog and make sure the coordinates are close to the
ones given above. Next, change the hydraulic gradient

to 1.0e-03 and the angle to 135 degrees. Click on the
OK button when you are done.

The next step isto make sure that the aquifer properties
are set correctly. Select Edit->Parameters and change
the top elevation of the aquifer to 500 ft. In the steady-
state model, WinFlow automatically determines whether
an aquifer is confined or unconfined. The aquifer is

For Help, press F1 [ReCalculate 18041822 |163547.44 | unconfined when the head is below the top of the aquifer
and it is confined if the head is above the top of the
aquifer. In this example, the aquifer is unconfined, so you will make the top of the aquifer very high (e.g., alarge distance above the
reference head value of 200 ft.). The top elevation isthe only parameter to change in this example, so click the OK button.

The previous dialog contained alist of all aquifer propertiesin the WinFlow model. Y ou need to maintain a consistent set of units
when you assign these parameters. Thisis done by selecting one unit of measure for length (e.g. feet) and one unit of measure for time
(e.g. days). Using these examples, hydraulic conductivity has units of ft/d and pumping rates are in ft/d.

Y ou have now set up the most important parts of the WinFlow model! To see the results, simply select Calc->Recalculate or click the

button. You should see a series of contours that are straight lines, representing the uniform regional hydraulic gradient. Y ou will
also note that the contour interval is uneven. When anew model is started, WinFlow simply computes the maximum head difference
in the model and divides this number by ten to get the starting contour interval. Y ou should change the contouring parameters by
selecting Options->Contour ->Parameters. Change the minimum contour level to 198 and the contour interval to 1.0 ft. Click OK
when you are done. WinFlow will now ask whether you would like to recontour the current model. Choose YES and your screen
should ook like the one shown below.
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=l Thisisagood timeto save your work. Select File-
=| File Edit View Add Options Calc Model Window Help ¢l >SaveAsand enter the name EX1inthedialog. Click

NEEIEEBEEEEEEEEE E E R E E R OK when you are down. WinFlow automatically

+|l| attachesthefile extension “.wfl” to the file name.
Sorry, the demonstration version does not save files, but
thisis how you would do it in the full version.

Adding Features

Most models are more complex that the one you just
created. Usualy, you would like to analyze the effects
of pumping wells or other features. In the next section,
you will add a pumping well to the model and evaluate
+Il the capture zone of the well by adding streamlines. You
will also learn how to change the pumping rate of the
well.

- +
FarHelp. press F1 [Current |160973.30 [163044.03 [209.334
|

Y ou should see ared oval shapein the center of the base map. Thisareaislabeled “plume” and represents an area to be captured in a

pump-and-treat system. Add awell at the downgradient edge of the plume by selecting Add->Well or by clicking the & button.
Move the cursor to coordinates X=171500 and Y =160500 and click the left mouse button. The well will be added where the point of
the arrow cursor indicates. Next, adialog box for the well will be displayed; enter a pumping rate of 20,000 ft¥/d and click the OK
button. Note that the word “ReCalculate” appearsin the status bar. This reminds you that the contours on the screen may not be

representative of your current model. Click the calculate button L= to recompute the model.

The contours should show a dight cone of depression around the well you added. To seeif the well captures the plume, you will need
to add several streamlines. Streamlines are used to illustrate groundwater flow directions. Select Add->Streamlines->Line. You will
now drag a line along the 208 ft contour line in the lower right portion of the screen. After dragging the line, adialog is displayed.
Change the number of streamlinesto 20 and click the OK button. The streamlines will then be drawn on the contour map. It is often
useful to add arrow-heads to the streamlines to more clearly show the direction of flow. Select Options->Arrow and change the
distance between arrows to 500 ft and the arrow size to 100. Finally, click on the “Display Arrows’ field and then the OK button.

Y our screen should look like the one shown below. Note that the capture zone of the pumping well does not quite cover the entire

plume area. You can increase the amount of pumping from the well by moving the cursor over the well until you see the G{ED cursor.
Now, double-click on the well and the well dialog appears. Change the pumping rate to 50,000 ft*/d and recalculate the model. The
capture zone should now cover the entire plume.

= " ~1=]| Now let’s examine other aspects of the map. The blue
=| File Edit View Add Options Calc Model Window Help <[l line onthe map representsariver. Thusfar, we have

sE R BREEEEEEE R EE I EE R E ignored the river in our model. WinFlow can simulate

\ +]ll theinfluence of rivers or drains using linesinks.
3
Py

Linesinks can be defined using either a head value or a
flux value. In ahead linesink, WinFlow computes the
flux needed to maintain the head at the specified value at
the center of thelinesink. In aflux linesink, you supply
WinFlow with the flow rate into or out of the linesink
per unit length (take the total flow and divide by the
length of the linesink). In this example, you will add 9
linesinks to the model along theriver to evaluate the
impact on the recovery system.

- L4 . . .
For Help, press F1 Cument (160418 22 [162757.33 209.378 First, in order to give you a better frame of reference for

the linesinks, you will import anew map file. WinFlow
allows only one digitized map to be used at any one time. When you import a map file into amodel that already has a map, WinFlow
deletes the first map and displays the second one. Select File->M ap->WinFlow and choose PLUME2.MAP. This map has a series of
“Xx"s aong the river and numbers between the “x”s. Y ou must add a head linesink between each pair of “x”s and set the head to the
value displayed on the map.
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=| File Edit Y¥iew Add Options

Calc Model Window Help

=]l For example, you will add a head linesink in the upper
||| left corner at ahead value of 200 ft. Select Add->Head

Linesink or click the # button. Drag aline between

#lIl thelast two “Xx"s on the left side of theriver. A dialog
will be displayed; enter a head value of 200 ft and click
the OK button. Now add the remaining 8 linesinksin
intervals of 1 ft between the “x”s. Finally, recompute
the model and your screen should look like the one to
the left.

After adding all of the linesinks, your screen should look
similar to the one at the left. Y ou can see that the
linesinks have a subtle effect on the flow field. You can

= also determine how much groundwater theriver is

ForHelp, press F1 |Current

[170416.49 161317.13 [202.818

gaining or losing. To find out the flow rate of alinesink,

place the cursor on alinesink (you will seethe %

cursor) and double-click. The dialog shows the flow rate in ft¥/d per ft of river. All of the linesinks are removing water from the
aquifer except the one labeled 204. A linesink removes water from the aquifer if the sign on the flow rate is positive and losing water

to the aquifer if the flow rateis negative. Check the
linesink flows with your model.

Y ou may want to compare the two models (with and
without linesinks) more closely to determine the impact
of the river on the aquifer. Y ou could print the contour
maps using File->Print or you could have both models
displayed simultaneously on your screen. You can do
this by selecting File->Open and choosing the file
EX2.WFL. By default, WinFlow overlays the two
models so that you can only see one at atime. Select
Window->Tile and both models will be displayed at the
sametime. You can resize the windows and move the
model windows around. Try to get your screen to look
like the one at theright.
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WinTran Demo!

Thank you for trying the WinTran demo. We think you will find the software to be the easiest contaminant transport model to use,
especialy sinceit isatrue Windows program. The WinTran demo isafully functiona copy of WinTran that will not print maps nor save
files. It will perform all other functions, however. Please pay specia attention to the instalation section. WinTran is a32-bit application
that requires you to install Microsoft’'s Win32s system unless you are running Windows NT or 95. After you are finished evaluating
WinTran, you may safely remove Win32s according to the uninstall section of this document.

WinTranisuniquein that it provides you with a sophisticated finite-element transport model that works like an analytic model. All of the
finite-element mesh design chores go on behind the scenes, freeing you to work on the conceptual model and to try different solutionsto
your problem. WinTran incorporates the steady-state flow model from WinFlow and, therefore, looks very much like WinFlow. The
primary differences between WinFlow and WinTran are the following:

(] WinTran requires substantially more memory than WinFlow and thus on some systems (< 8 Mbytes of RAM) it will be slower.
) WinTran does not have WinFlow’ s transient flow model.

If you plan to do alot of flow simulation work in addition to transport, we recommend purchasing both models and we have provided
specid pricing considerations to allow you to obtain both models cost-effectively.

Please work through the tutorial at the end of this document for an introduction to WinTran. |f you have any questions as you are running
the demo please give usacall. Note that the minimum system requirements are Windows V3.1 or higher (or 95 or NT) running in
enhanced mode with at least 8 megabytes of RAM (8 preferred) and 3 megabytes of disk space.

WinTran Features

i . Tz a _ -1<l  WinTran couples the steady-state groundwater flow model from WinFlow
=| File Edit Yiew Add Options Calc Model Window Help ¥ . .
DeE e B B Aok ] ol & ‘?I*‘-’I| with a contaminant transport model. The transport model has the feel of

+| an analytic model but is actually an embedded finite-element simulator.
The finite-element transport model is constructed automatically by the
software but displays numerical criteria (Peclet and Courant numbers) to

allow the user to avoid numerical or mass balance problems.

Contaminant mass may be injected or extracted using any of the analytic
elements, including wells, ponds, and linesinks. In addition, constant
concentration elements have been added. WinTran displays both head
and concentration contours and concentration may be plotted versus time
at selected monitoring locations. The transport model includes the effects
of dispersion, linear sorption (retardation), and first-order decay. Other

s featuresinclude:

-

haximum Concentration: 0.231980 |Current [Cr=161 [M13BE  [20.391

Simulates steady-state flow and transient transport in confined & unconfined aquifers;
Simulates effects of wells, linesinks, ponds, and constant concentration sources;
32-bit software uses all memory available to Windows;

Supports Windows V3.1 (with Win32s), Windows NT, and Windows 95;
Displays Peclet and Courant criteria during transport simulation;

Displays mass balance error during simulation;

Contours concentration at user-specified time steps during simulation;
Velocities computed either analytically or using finite-element flow model;
Maps may be printed using any Windows device driver;

WY SIWY G printing with print preview and user-defined margins,

Full context-sensitive help system (the entire manual is on-line);

All other features are the same as WinFlow (except transient flow model)
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Exploring WinTran

The WinTran demonstration, described below, introduces you to most of the important features of this software in a step-by-step
example. You will be given very specific instructions to show how to use WinTran to solve real-world problems. In agraphical user
environment such as Windows, it is difficult to tell you exactly what to do during each step, however, because many of the steps
involve using the mouse. This demonstration provides several snap-shots of the WinTran screens to show you what your screen should
look like.

The exercise below tells you to select menu items and a short-hand method is used to indicate what menu items are to be selected. The
menu items are listed in order of selection and are separated by a“->" symbol. For example, instead of writing the following text:

Select File from the main menu and then select Open from the pulldown menu
the following shortened version is adopted in this manual:

Select File->Open
Some instructions for using the mouse should also be explained here, although most Windows users understand these concepts. The
word “click” refers to pressing the left mouse button once and “double-click” means to press the mouse button twice in rapid

succesion. Theword “drag” means to press the left mouse button and move the mouse to another location on the screen while keeping
the button pressed down. Release the mouse button when the cursor is on the desired location.

Setting Up a New WinTran Model
.
it

Start the WinTran program by double-clicking on itsicon, Ej:”. Y ou should see a simple menu displayed above a blank window.

A new model is started by selecting File->New or by pressing the button on the toolbar below the menu. Now you can start to
design the model.

Thefirst step in most modelsis to import a base
map that will serve as your reference point for the
[S1=31=11 =T 1P A S B B B R 2% ‘ mggel. An example ofyabase map haz been
supplied with the demo. Y ou will import the map
caled SITELMAP. Select File->Map->WinTran
and choose sitel.map in the standard Windows file
dialog. Y our screen should now look like the
screen shown at the left. Notice the green arrow in
the center of the screen, which denotes the location
" of the “reference head”. The reference head is
actually located at the center of the base of the
2 ' arrow. The reference head isapoint in the aquifer
ﬂ U where the head is fixed during the simulation and
cannot change. Thisis analogousto a“constant
s head” in a numerical model, such as MODFLOW.
D [‘ Y ou must be careful to locate the reference head as
far from the area of interest in your model (e.g.,
_— pumping wells) as you can.
@]

Ak | 4b

=| File Edit View Add Options Calc Model Window Help

Y

# Recovery Well

# Source

= > In this example, we want to move the reference
FarHelp. press F1 |ReCalculate [486.85  [2Z65.74 | head to the lower |eft portion of the screen (near

the word “Reference”). 'Y ou should now move the green arrow to coordinates X=75 and Y=65. The X and Y coordinates are

displayed on the status line at the bottom of the WinTran window as you move the cursor. Place the cursor over the green arrow until

you see the cursor. Now, hold down the left mouse button and drag the green arrow to the desired coordinates. The coordinates
do not have to be exact, since you will be able to edit them later.
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Now, again place the cursor over the reference head (green arrow) and double-click the left mouse button. Y ou will see a dialog that
lists data corresponding to the reference head. Check the coordinates listed in the dialog and make sure the coordinates are close to the
ones given above. Next, change the hydraulic gradient to 0.01 and the head value to 25. Click on the OK button when you are done.

The next step isto make sure that the aquifer properties are set correctly. Select Edit-> Flow Parameter s and make sure that the
parameters are set to the values below:

Hydraulic conductivity =100 ft/d

Bottom Elevation =0.0ft
Top Elevation =100.0ft
Reference Head =25.0ft
Gradient =0.01 ft/ft
Recharge =0.0ft/d
Porosity =0.2

Note that in the steady-state flow model, WinTran automatically determines whether an aquifer is confined or unconfined. The aquifer
is unconfined when the head is below the top of the aquifer and it is confined if the head is above the top of the aquifer. Inthis
example, the aquifer is unconfined, so you will make the top of the aquifer very high (e.g., alarge distance above the reference head
value of 25 ft.). Click the OK button to end this dialog.

The previous dialog contained alist of al aquifer propertiesin the WinTran model. Y ou need to maintain a consistent set of units
when you assign these parameters. Thisis done by selecting one unit of measure for length (e.g. feet) and one unit of measure for time
(e.g. days). Using these examples, hydraulic conductivity has units of ft/d and pumping rates are in ft/d.

Now, edit the transport parameters by selecting Edit->Transport from the menu. Change the longitudinal dispersivity to 30 ft and the
transverse dispersivity to 6 ft. Click the OK button when you are done. Finally, we will change the time-stepping parameters for the
transport simulation. Select Edit->Time Stepping from the menu. Change the number of time steps to 30 and the maximum time step
sizeto 100 days. Click the OK button when you are done.

In order to run the transport model, you need either initial concentrations other than zero or a source of contamination in the model.
Sources of contaminant can be injection wells, ponds that recharge the aquifer, or linesinks that are injecting water into the aquifer. In
this example, you will add awell at the point on the map labeled “ Source”. Add awell at thislocation by selecting Add->Well or by

clicking the & putton. Move the cursor to coordinates X=145 and Y =225 and click the left mouse button. The well will be added
where the point of the arrow cursor indicates. Next, adialog box for the well will be displayed; enter a pumping rate of -1 ft¥/d (the
negative sign denotes an injection rate) and a concentration of 100. Now, click the OK button. Note that the word “ReCal culate”
appears in the status bar. This reminds you that the contours on the screen may not be representative of your current model.

Y ou have now set up theinitial WinTran demo model! To see the results, simply select Calc->Recalculate or click the [ button.
Y ou should see a series of contours that are straight lines, representing the uniform regional hydraulic gradient, but there are no
concentration contours. Thisis because we have not told WinTran to run the transport model yet; only the flow model was simulated.

Before running the transport model, change the contouring options for both the flow model and for the transport model. Select
Options->Contour->Flow from the menu. Change the minimum contour level to 18.0 ft and the contour interval to 0.5 ft. Also,
change the precision value to 1 and click the OK button. A dialog will prompt you to recontour; select YES to perform the
recontouring. Next, choose Options->Contour->Transport. We will contour concentrations every 10 time steps (first parameter on
the dialog) with a starting log cycle concentration of 0.01 and 5 contours per log cycle. Unlike flow, where head is computed on a
regular contour interval, concentration is contoured using log intervals. Click the OK button when you are done. Finally, select
Options->Color s and change the concentration contour color to red.

To run transport, select M odel->Transport from the menu. Now select Calc->Recalculate and the flow and transport model will run.
You will first see the flow model computed, followed by a progress dialog showing the percentage complete for the transport
simulation. In one of the dialogs above, we told WinTran to contour the results every 10 time steps. Y ou also specified atotal of 30
time steps for the simulation. Y ou should see WinTran contour concentration 3 times for this simulation. At each time step, you
should see the plume grow larger. The fina plume is shown below:
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Y ou should also see information displayed on the
status line at the bottom of the window. The left
side of the status line will show the current time
step number and time value (time from the start of
the simulation), as well as the mass balance error.
This value should be small (0.01 percent in this
case). Totheright, WinTran displays the Peclet
and Courant Criteria for the transport simulation.
Generaly, the Peclet number should be less than 2
and the Courant number lessthan 1. In this case,
the Courant number is a bit high, but the mass
balance is good (so we will not worry about it for
this demo).

Simulating Remediation

The next step in the demonstration isto add a
recovery well to the model. Select Add->Well
from the menu or click the & button on the
toolbar. Move the cursor to coordinates X=620,

Y =225 (near the word “Recovery Well”) and click

the left mouse button. Change the pumping rate to 10,000 ft¥/d and click the OK button.
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Y ou will now save the concentrations computed at
the end of the last simulation asiinitial
concentrations for the remediation scenario. By
default, WinTran assumes that initial concentrations
are zero everywhere in the aquifer. Y ou may
override this default by selecting Calc->Restart
from the menu. This action saves the current
concentrations as initial conditions for the next run.
Do this now.

To see the results, simply select Calc->Recalculate

or click the l=l button. Thistime, you will see the
cone of depression around the recovery well and the
concentration contours stop at the recovery well.
Note that the sourceis till in place, so a steady-state
concentration distribution devel ops between the
source and recovery well, as shown in the figure at
the left.

Asafina demonstration, we will remove the source

to observe the clean-up of the plume. First, place the cursor over the source well until you see the Q{ED cursor. Click the left mouse
button to select the well. Now, pressthe Del key or select Edit->Delete from the menu to remove the well. Select Calc->Restart to
save the previous concentrations asintial conditions and select Calc->Recalculate to see the results. Notice that the plume disappears
quickly. To get abetter picture of the cleanup, select Edit->Time Stepping and change the number of time stepsto 10 and the
maximum time step sizeto 10. Select Calc->Recalculate and your screen should look like the following:
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Concentration Breakthrough Curves

In addition to contours of concentration and head, WinTran can plot concentration over time at observation wells. Y ou define
observation wells by clicking on the check-box labeled “Monitor Concentration vs. Time” on the well dialog. The next time you run
the model, WinTran will store concentrations computed at all observation wells for all time steps. Y ou plot the results by selecting
Calc->Plot C vs. T from the main menu. The following will show you how to create a Concentration vs. Time plot.

First, we will start with our original example. Close the current model by selecting File->Close. Now read in anew model by
selecting File->Open. Choose the file called “ex1.wtr” in the file open dialog. Click OK when you have found thisfile. WinTran will
read the file and compute heads only. WinTran does not compute the transport model when you open a new file because these
simulations can be quite long for complex models.

Before running the transport model, we will define two observation well locations. Select Add->Well from the menu or click the (=)
button on the toolbar. Move the cursor to coordinates X=340, Y =230 and click the left mouse button. The coordinates do not need to
be exact. Change the pumping rate to 0.0 and click the check-box labeled “Monitor Concentration vs. Time”. A check mark in this
box tells WinTran to store concentration information at thiswell location. Click on the button labeled “Name” and enter a name of
“MW?1" for thiswell. Naming the well will allow you to distinguish between multiple observation wells on the plot. The zero
pumping rate means that the well is for observation purposes only. Y ou may also monitor concentration vs. time in pumping wells.
Click the OK button to end thisdialog. Now, repeat this procedure to add an observation well at X=500, Y=230. Call thiswell MW2.

Select Model->Transport and click the calculator button to run the transport model. When the model is finished running, select Calc-
>Plot C vs. T from the main menu. A dialog will be displayed that allows you to set up the axes of the graph. Enter the following
numbers:

Minimum Time 0.0
Maximum Time 1000.0
DeltaT 100.0
Number of decimals 0

Minimum Concentration 0.0
Maximum Concentration 0.04
Delta-C 0.005
Number of decimals 3
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Click OK to end editing on this dialog and a plot of concentration versustimeis created for the two observation wells. Y ou screen
should ook like the one shown below:
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We hope that this brief demonstration has shown you what a powerful tool WinTran can be in simulating the fate and transport of

dissolved contaminants in groundwater. 1f you have any questions or would like to order WinTran, please give usacall.

Scientific Software Group

PO Box 23041

Washington, DC 20026-3041

Phone: 703-620-9214
Fax: 703-620-6793

e-mail: info@scisoftwar e.com

web site: http://www.scisoftwar e.com
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