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I ntroduction to Visual MODFL OW

Visual MODFLOW isthe most complete and easy-to-use modeling environment for
practical applications in three-dimensional groundwater flow and contaminant transport
simulations. This fully-integrated package combines MODFL OW, MODFL OW-
SURFACT, MODPATH, ZoneBudget, MT3Dxx/RT3D, MGO, and WinPEST with the
most intuitive and powerful graphical interface available. The logical menu structure and
easy-to-use graphical tools allow you to:

* easily dimension the model domain and select units
 conveniently assign model properties and boundary conditions
* runthe model simulations

* calibrate the model using manual or automated techniques

* optimize the pumping well rates and locations

* visualize the results using 2D or 3D graphics

The model input parameters and results can be visualized in 2D (cross-section and plan
view) or 3D at any time during the development of the model, or the displaying of the
results. For complete three-dimensional groundwater flow and contaminant transport
modeling, Visual MODFLOW isthe only software package you will need.

When you purchase Visua MODFLOW, or any Waterloo Hydrogeol ogic software
product, you not only get the best software in the industry, you also gain the reputation of
the company behind the product, and professional technical support for the software from
our team of qualified groundwater modeling professionals. Waterloo Hydrogeol ogic has
been devel oping groundwater software since 1989, and our software is recognized,
accepted and used by more than 10,000 groundwater professionalsin over 90 countries
around the world. Thistype of recognition isinvaluable in establishing the credibility of
your modeling software to clients and regulatory agencies. Visual MODFLOW is
continuously being upgraded with new features to fulfill our clients needs.

What'sNew in Visual MODFLOW

The main interface for Visual MODFLOW has much of the same user-friendly look and
feel asthe previous versions of Visual MODFLOW, but what's “ under the hood” has been
dramatically improved to give you more powerful tools for entering, modifying,
analyzing, and presenting your groundwater modeling data. Some of the more significant
upgrade featuresin the latest version of Visual MODFLOW are described bel ow.

New Featuresin Visual MODFLOW v.4.2

MIKE 11 Integration

DHI's MIKE 11 software packageis aversatile and modular engineering tool for modeling
conditionsin rivers, lakes/reservoirs, irrigation canals and other inland water systems.



MIKE 11 is now integrated into Visual MODFLOW with the use of OpenMI technology,
providing the tools for integrated surface water - groundwater flow.

PHT3D Integration

PHT3D is amulti-component transport model for three-dimensional reactive transport in
saturated porous media.

MT3DMSH5.1 Integration

Support for MT3DMS v.5.1, which includes an option to simulate zeroth-order decay or
production as documented in Zheng (2005). Zeroth-order reactions may be useful for
describing certain types of biogeochemical decay or production. In addition, zeroth-order
reactions can be used for direct simulation of groundwater ages or calculation of
parameter sensitivities.

New Featuresin Visual MODFLOW v.4.1

* Integrated the USGS SEAWAT 2000 engine to solve variable density flow such
as seawater intrusion modeling problems

* Integrated the latest release of USGS MODFL OW 2000 (version 1.15.00, August
6, 2004)

* Integrated the MT3DMS version 4.5

* Implemented VCONT calculation options that allow you to chose between
VCONT values calculated from the Ground Surface (top of layer 1) or Initial
Heads

» Improved project creation wizard help you to choose the right numeral enginesto
meet your objectives

» Support the new Geometric Multigrid Solver (GMG) solver from USGS

» Support the latest Algebraic Multigrid Methods for Systems (SAMG) solver
optimized for MODFLOW

About the Interface

About the Interface

The Visual MODFLOW interface has been specifically designed to increase modeling
productivity, and decrease the complexities typically associated with building three-
dimensional groundwater flow and contaminant transport models. In order to simplify the
graphical interface, Visual MODFLOW is divided into three separate modul es:

e Thelnput section
* The Run section
» The Output section.

Each of these modulesis accessed from the Main Menu when a Visual MODFLOW
project is started, or an existing project is opened. The Main Menu servesasalink to
seamlessly switch between each of these modules, to define or modify the model input
parameters, run the simulations, calibrate and optimize the model, and display results.

The Input section allows the user to graphically assign al of the necessary input
parameters for building athree-dimensional groundwater flow and contaminant transport
model. The input menus represent the basic "model building blocks' for assembling adata
set using MODFLOW, MODFLOW-SURFACT, MODPATH, ZoneBudget, and MT3D/



RT3D. These menus are displayed in alogical order to guide the modeler through the steps
necessary to design a groundwater flow and contaminant transport model.

The Run section allows the user to modify the various MODFLOW, MODFLOW-
SURFACT, MODPATH, MT3D/RT3D, MGO, and WIinPEST parameters and options
which are run-specific. These include selecting initial head estimates, setting solver
parameters, activating the re-wetting package, specifying the output controls, etc. Each of
these menu sel ections has default settings, which are capable of running most simulations.

The Output section alows the user to display all of the modeling and calibration results
for MODFLOW, MODFLOW-SURFACT, MODPATH, ZoneBudget, and MT3D/RT3D.
The output menus allow you to select, customize, overlay the various display options, and
export images for presenting the modeling results.

Sarting Visual MODFLOW

Once Visual MODFLOW has beeninstalled on your computer, simply double-click on the
Visual MODFLOW shortcut icon, or click on Start/Programs/WHI Software/Visual
MODFLOW /Visual MODFLOW.

Getting Around In Visual MODFLOW

The Main Menu screen contains the following options:

File Input Run Output Setup Help

File Select afile utility, or exit Visual MODFLOW.
Input Design, modify, and visualize the model grid and input parameters.
Run Enter or modify the model run settings and run the numerical simulations, in

either project mode or batch mode.

Output Visualize the model output (simulation results) using contour maps, color
maps, velocity vectors, pathlines, time-series graphs, scatter plots, etc.

Setup Select the “numeric engine” for both the flow and transport simulation(s).
Help Get general information on how to use Visual MODFLOW.

A Microsoft compatible mouse performs as follows:

Left button:  Thisistheregular ‘click’ button. By holding it down on top of an input
box and dragging the mouse, it will also highlight the characters that will
be overwritten by the next typed character.

Right button: This button has different functions depending on the context. For
example, it closes polygons or ends a line during the assignment of
properties, boundaries, etc. During grid design, it also locates grid rows or
columns on precise co-ordinates. Using the right button brings up a sub-
menu to copy, paste, delete, etc.



The <Alt> shortcut keys can be used to access toolbar items and to select many buttons

and can be used anytime an item or button text has an underlined letter. Simply press the
<Alt> key and the letter key at the same time to access the item or select the button. The
number and letter keys are active only when numerical or text input is required; all other

keys are ignored by Visual MODFLOW.

Screen Layout

About the Interface

After opening a Visua MODFLOW project and selecting the Input module, a screen

layout similar to the figure below will appear.

Project Name  Transport Variant

Top Menu Bar

SideMenuBar —

Navigation Cube —

Co-ordinates area—— |

=la x|

Status Bar Q= Sl R ke
Function Buttons A

Top Menu Bar: Contains specific data category menusfor each [ column
section of the interface (Input, Run and Wigw Faw
Output). | Wiew Laver
! . ) Goko Previous
Side Menu Bar: Contains the View Control buttons plus tool Mext
buttons specific for each data category. The
view options are as follows:
[View Column] View a cross-section along a column.
[View Row] View across-section along a row.
[View Layer] Switch from cross-section to plan view.
[Goto] View a specified column, row, or layer.
[Previous] View previous column, row, or layer.
[Next] View next column, row, or layer.
Navigator Cube: Provides a simplified 3D representation of the model domain

highlighting the current layer, column, and row being viewed.

Co-ordinatesArea:  Shows the current location of the mouse pointer in model co-

ordinates (X, Y, Z) and cell indices (1, J, K).




SatusBar: Describes the functionality and use of the feature currently
highlighted by the cursor.

Function Buttons:

EiE [F1-Help] Opensthe general help window
r? Help
= [F2-3D] Opens the Visual MODFLOW 3D-Explorer
&3
= [F3-Save] Saves the current data for the model.
Save
= [F4-Map] Import and display .DXF, .SHP, or .graphicsimagefiles (BMP,
Wuap| PG TIF .GIF, .PNG)
FB o [F5—-Zoom in] Enlarge the display of a selected rectangular area
Fi:l\ in
FEm [F6—Zoom out] Resets the display areato show the entire model domain
E’\ out
F7 [F7.-Pan] Drag the_current view of the model in any direction to display a
b pan different model region
Fo [F8—Vert exag] Set the vertical exaggeration value for viewing cross sections
Wert
Eff &riag along a row or column

[F9-Overlay] Opens the Overlay Control window to make selected
overlays visible and to customize the priority (order) in which they appear

[F10-Main Menu] Returns to the Main Menu screen.

Contacting WHI

The purpose of thistutorial isto demonstrate the ease of building, calibrating, and running
athree-dimensional groundwater flow and contaminant transport model. Unfortunately,
thistutorial can only cover afew of the many analytical capabilities and graphical features
that make Visual MODFL OW the |leading software package for groundwater flow and
contaminant transport modeling.

If thistutorial has not covered some aspects of the software that you are interested in, we
encourage you to continue to consult the on-line help files and the carefully read the
Visual MODFLOW User's Manual. If you would like to speak with atechnical
representative about how Visual MODFLOW could be applied to solve your particular
needs, please contact at:

Waterloo Hydrogeologic Inc.
460 Phillip Street, Suite 101
Waterloo, Ontario, N2L 5J2



Tel: (519) 746-1798
Fax: (519) 885-5262
E-mail: techsupport@flowpath.com
Web: www.water |oohydr ogeologic.com

About the Interface



Visual MODFL OW Premium Tutorial

I ntroduction

This chapter contains a step-by-step tutorial to guide you through the process of using
Waterloo Hydrogeologic's Visual MODFLOW Premium Demo version. This tutorial will
guide you through the steps required to:

» Design the model grid and assign properties and boundary conditions,

» Configure Visual MODFLOW to run the groundwater flow, particle tracking, and
mass transport simulations, and

* Visualize the results using two- and three-dimensional graphics

For your convenience, the Visual MODFLOW Demo version allowsyou to install acomplete
set of input data files and simulation results for the example model that you will build. The
instructions for the tutorial are provided in a step-wise format that allows you to choose the
features that you are interested in examining without having to complete the entire exercise.

Limitations of the Demo version

The Demo version of Visua MODFLOW isfully functional, and you may create, open,
modify, trandate, and run any model, as long as the model meets the following restrictions:

» Thegrid isno finer than 40 Rows X 40 Columns X 3 Layers
* There are no more than 3 property zones
* There are no more than 2 pumping wells

NOTE: If you have purchased alicense and are using this tutorial to familiarize yourself with
the program, keep in mind that some features are only available in a Pro or Premium version.

How to Usethis Tutorial

Thistutoria is divided into five modules, and each module contains a number of sections.
Thetutorial is designed so that the user can begin at any of the modulesin order to examine
specific aspects of the Visual MODFL OW environment. Each section iswritten in an easy-to-
use step-wise format. The modules are arranged as follows.

Modulel - Creating and Defining a Flow Model
Modulell - The Contaminant Transport Model
Modulelll - Running Visual MODFL OW
ModulelV - Output Visualization

ModuleV - Visual MODFLOW 3D Explorer

Visual MODFLOW: Introduction and Tutoria 7



Terms and Notations

For the purposes of this tutorial, the following terms and notations will be used:

Type: - typein the given word or value
Select: - click the left mouse button where indicated
& - pressthe <Tab> key
J - pressthe <Enter> key
& - Click the left mouse button where indicated
& % - double-click the left mouse button where indicated

[...] - denotesahbutton to click on, either in awindow, or in the side or bottom menu
bars.
Thebold faced type indicates menu or window itemsto click on or valuesto typein.

Some of the more significant upgrade features included in the latest versions of
Visual MODFLOW are described in italic form.

Description of the Example M odel

The siteislocated near an airport just outside of Waterloo. The surficial geology at the site
consists of an upper sand and gravel aquifer, alower sand and gravel aguifer, and a clay and
silt aquitard separating the upper and lower aquifers. The relevant site features consist of a
plane refuelling area, amunicipa water supply well field, and a discontinuous aquitard zone.
These features are illustrated in the following figure:

REFUELLING
ARERA

ZOME_OF
DIECONTIMUOUS

arrpoRT] AFUITARD

SUPPLY
o HELLS

TERLC0 RIVER

The municipal well field consists of two wells. The east well pumps at a constant rate of 550
m3/day, while the west well pumps at a constant rate of 400 m/day. Over the past ten years,
airplane fuel has periodically been spilled in the refuelling area and natural infiltration has
produced a plume of contamination in the upper aquifer. This tutorial will guide you through
the steps necessary to build agroundwater flow and contaminant transport model for this site.

Introduction 8



This model will demonstrate the potential impact of the fuel contamination on the municipal
water supply wells.

When discussing the site, in plan view, the top of the site will be designated as north, the
bottom of the site as south, and the left side and right side as west and east, respectively.
Groundwater flow isfrom north to south (top to bottom) in athree-layer system consisting of
an upper unconfined aquifer, an intervening middle aquitard, and alower confined aquifer, as
illustrated in the following figure. The upper aquifer and lower aquifers have a hydraulic
conductivity of 26 m/sec, and the aquitard has a hydraulic conductivity of 1619 m/sec.

Recharge = 10 cm / year

18 m

Aquifer

T — "

Aquifer
0m '1000 -

2000 m

10 m

Modulel: Creating and Defining a Flow M odel

The project creation wizard was re-designed for version 4.1. Most of the default options and
parameter values for flow, transport, grid, and project are now set during the initial set-up to
avoid having to enter them later in various parts of the program.

Section 1. Generating a New M od€l
The first module will take you through the steps necessary to generate a new model data set
using the Visual MODFL OW modeling environment.
On your Windows desktop, you will see anicon for Visual MODFLOW:
T & % to start the Visual MODFLOW program
To create your new model:
& File from the top menu bar
% New
A Create new model window will appear.

For your convenience, we have already created a model following this step-by-step tutorial.
The model islocated in the default directory C:\VMODNT\Tutorial.

It is recommended that you create a new folder, and save the new model in this folder.

To create anew folder:
=

Visual MODFLOW: Introduction and Tutoria 9



Typein anew folder name.
& @  on the new folder
Type: Airport in the File name field
% [Save]

NOTE: If you choose the default directory (C:\VMODNT\Tutorial) and type in the same
Airport file name, awarning message may appear if the Airport.vmf file has already been
created.

& [No] to save your new model in a different folder, or

& [Yes] to overwrite the existing model.
Visual MODFLOW automatically adds a.VM F extension onto the end of the filename.
Next, the Model Setup is described in four consecutive steps.

Sep 1: Project Settings

In Step 1, the following window is used to select:

« thedesired Project Information
* Units associated with various flow and transport parameters, and
* thedesired Engines for the Flow and Transport simulation

E:', ¥MODNT", Tutorial', Airport.ymf |
Froject Outline I
—Project Infarmatior Lnit
Project Title: IAirport Details |
L Length Imeters 'l
Description:
Time Ida_l,l 'l
. . Conductivity lm
r—Flaw Sirmulation
rFlaw Type———— | Mumeriz Engine Purmping Fate Im"3.-"day vl
{* Saturated [Constant Density] IUSGS WODFLOW 2000 from HI j
. . Rech I / 'l
" Saturated [V ariable Density] Sehargs Jmmeyest
= Wariably 5 aturated Sl E e T Maszs Ikilogram jv
IGroundwater flow j . — -
" Mapor Concentration Imllllgrams.-"llter 'l
r—Tranzport Simulation
Transpolt—————— | Numeric Engine
& Nao NONE =l
Ve
Description:
< Back | Mest » | Lancel |

For the Flow model, the following Numeric Engines are available:

» USGS MODFLOW-96 from WHI (saturated, constant density)

» USGS MODFLOW-2000 from WHI (saturated, constant density)
» USGS SEAWAT 2000 (saturated, variable density)

* MODFLOW-SURFACT from HGL (variably saturated)

In this example, MODFLOW-2000 is selected.

Section 1: Generating a New Model 10



Visual MODFLOW supports al of the latest versions of the public domain and proprietary
programs for contaminant transport modeling, including:

* MT3DMS

* MT3Dv150
 MT3D99

* RT3Dv1.0

* RT3Dv25

* PHT3Dv.1.45

. Visual MODFLOW now supports PHT3D v.1.45, a multi-component transport model for
-__HEW_} three-dimensional reactive transport in saturated porous media. For a sample application of
77" PHT3D, please refer to the PHT3D Tutorial; for more details, please consult your Users
Manual.

In addition, Visual MODFLOW now supports MT3DMSv.5.1, including support for zeroth-
order reactions.

Note: The MT3DMS, MT3D99 and RT3D, PHT3D transport engines alow for multi-species
contaminant transport. MT3D150 allows only a single species to be model ed.

& [Yes] radio button, to enable the Transport Simulation options
In this example, MT3DMS is selected by default, and will be used for the simulation.

Under the Units section, select the following information for each model input data type.

Length: meters

Time: day
Conductivity: m/sec
Pumping Rate: m* 3/day
Recharge: mm/year
Mass: kilogram
Concentration: milligrams/liter

& [Next] to accept these values

Sep 2: Flow Settings

In Step 2, the following window will appear displaying the default parameter values for the
Flow simulation.

Visual MODFLOW: Introduction and Tutoria 11



E:', ¥MODNT", Tutorial', Airport.ymf £

Flows Option |
Project Info
Airport ISaturated [Canstant Denzity) IUSGS MODFLOW 2000 from wWHI ‘
r—Time Optior
Start Date: I 3¢ 72005 VI Start Time: |12:DD:DD A j‘
Run Type: ISteady State Flow 'l Steady State Simulation Time: | 7300 [daw]
r—Default P.
Parameter Mame [ Walue [ Units |
3L 0.0001 mi's
| |Ey 0.0001 mds
| |Kz 1E-5 mds
| |S= 1E5 1/m
| |Sw 0.20
|| Eff. Por. 015
|| Tot. Par. 0.20
| |Recharge 1] mmyr
|| Evapatranspiration 1] mmyr
|| Extinction Depth 1] m

Mest » Lancel Help

type: 7300 for the Steady State Simulation time

The Start Date and Start Time of the model are corresponding to the beginning of the
simulation time period. Currently, this date is relevant only for transient flow simulations
where recorded field data may be imported for defining time schedules for sel ected boundary
conditions (Constant Head, River, General Head and Drain).

& [Next] to accept these values

Sep 3: Transport Settings

In Step 3, the following window will appear displaying the default parameter values for the
Transport simulation.

Section 1: Generating a New Model 12



E:', ¥MODNT", Tutorial', Airport.ymf £
Tranzport Option |

Project Info
IA_ir‘Eort Dol MT3DMS v. 4.5 [Public Domain] ‘

Default Dispersion P

Parameter Mame [ Walue [ Units |
| B Long. Dispersivity 10 m
| | Horiz./Long. Dispersivity 01
| |Vert./Long. Dispersivity 0.0
|| Diff Cosff 0 m”2/day
—Wariant P
Variant Titl: | [Wardo1]
Description: I
Sarption: (A zorption simulated Total Mumber of species: |1
Reaction: IND kinetic reactions j Mumber of mobile species: |1

Are the reaction parameters congtant or spatially variable ? IEonstant 'l

Species | Model Paramsl Species Paramsl

Dresignation Component Description | Mobile | SCOMC([magsL]) |
Component 001 yes 1]

Mew Species | Delete Species |

< Back | Mest » | Lancel |

In order to support all of the available options for the multi-species reactive transport
programs, Visual MODFLOW requiresyou to setup theinitial conditions for the contaminant
transport scenario (e.g. number of chemical species, names of each chemical species, initial
concentrations, decay rates, partitioning coefficients, etc.). Each scenario isreferred to asa
Transport Variant, and you can have more than one variant for a given flow model.

By default Visual MODFLOW creates a variant named VAROOL.
We will now edit this variant to setup the model for transport processes.

The default transport variant will use MT3DMS as the numeric engine, with no sorption or
reaction terms.

For thistutorial you will add alinear sorption process to the transport variant.
& EI in the Sorption combo box
&  Select Linear Isotherm [equilibrium-controlled]

For thistutorial you will not be simulating any decay or degradation of the contaminant, so
the default Reactions settings of No kinetic reactions will be fine.

Below the Sorption and Reaction settings are three tabs labelled:

* Species
* Model Params
* Species Params

In the Species tab you will see a spreadsheet view with labelled column headings. The last
two columns are labelled with MT3D variable names.

The chemical species being simulated in this model is JP-4. Visual MODFLOW allows you
to use the real names of the simulated chemicalsin order to easily identify them in contour
maps and graphs.

Type the following information for the chemical species:

Type: JP-4 in the Designation column

Visual MODFLOW: Introduction and Tutoria 13



Type: Spilled Jet Fuel inthe Component Description column

& E‘ in the Mobile column and select Yes
Type: 0inthe SCONC [mg/L] column

Type: 1e-7 in SP1 [1/(mg/L)] column

The speciesinformation is now set up properly, and should appear similar to the figure shown
below.

D:4¥MOD40' Tutorial'\testing', airport2.ymf

F
Tranzport Option

Project Info
’VIairport

Dol MT3DMS v. 4.5 [Public Domain] ‘

Default Dispersion P

Parameter Mame I Walue I Units |
|| Long. Dispersivity 10 m
| B Hariz./Lang. Dispersivity 01
| |Vert./Long. Dispersivity 0.0
|| Diff Coeff a
[—Wariant P

W ariarnt Title: I

"2/ day

[4ar00t]

Drescription: I

Sorption: ILinear izotherm [equilibrium-controlled] j
Reaction:

Total Mumber of species: |1
Mumber of mobile species: |1
Are the reaction parameters constant or spatially variable ? IEonstant 'l

Species | Model Paramsl Species Paramsl

I Mo kinetic: reactions j

Dresignation | Component Description | Mobile

|sconCimarL [SP10/marly) |
JP-4 spilled jet fuel

yes 1] 1E-7

Mew Species | Delete Species |

< Back | Mest » | Lancel | Help |

This completes the setup for the Transport Engine. You are now ready to exit the Transport
Engine Options window.

& [Next] to continue.

Sep 4: Model Domain

Step 4 is Creating the Model Grid (see figure below).

Section 1: Generating a New Model 14



Model Domain "
Background Map

I~ Import a site map I Browse |

r{Grid

Lolumtiz(j] |2U— Bawli) |2D
Hrnin |D ] rmin |n [m]

Hmaw {1000 [m]

Laperz(k] |1
Zmin IU [m]
Zmas |2D [m]

Ymax (1000 ]

<Back | [[7Eah ] Concel | Hep |

In this step you can Import a site map, specify the dimensions of the Model Domain, and
define the number of rows, columns, and layers for the finite difference grid.

Enter the following number of rows, columns, and layers to be used in the model. Type the
following into the Model Domain section,

Columns (j): 30
Rows (i): 30
Layers (k): 3
Zmin: 0
Zmax: 18

& M Import a site map
Next, you must specify the location and the file name of the .DXF background map.
% [Browse]
Navigate to the vmodnt\Tutorial\Airport directory and select the following file:
@ Sitemap.dxf
“  [Open]
@ [Finish] to accept these settings

. Visual MODFLOW provides support for importing and displaying multiple site maps using
-__I\IEW_': the most common graphics image formats, including .JPG, .GIF, .TIF, .PNG, and .BMP files.
777 Additionally, a transparency setting may be applied to the imported imagesin order to
display multiple images simultaneously, or to view other model attributes underneath the site
map image overlay.

A Select Model Region window will appear prompting you to define the extents of the
model area. Visual MODFLOW will read the minimum and maximum co-ordinates from the
site map (Sitemap.dxf) and suggest a default location that is centred in the model domain.

Visual MODFLOW: Introduction and Tutoria 15



A select Model Region : 10l =|

Eile Wiew Options Help

|@\| El@l@l@ | EE' Ql

Dizplay Area

1 0.8511 [m]

LLING w1 (240597 [
e w2 o [1998.932 [r]

vo  [1989388 [

Model Origin

% [soaEE
Y [51553NTE  m

Angle [0 +
Model corners
®1 0 [m]
ZNEDF
DECONTINUOUS 1 0 [m]

AQUTARD

o) 999.0504 [m]
Y2 |982.94695 [m]

MFaws 40
MCalumns {40
suppLy

Ay L I Show Girid

o FIVER.

Ok Lancel | Help |

Type the following val ues over the numbers shown on the screen:

Display area: X1: 0
Y1: 0
X2: 2000 &
Y2: 2000 <&

Model Origin: X: 0~
Y: 0~
Angle: 0

Model Corners:  X1: 0~
Y1: 0~
X2: 2000 <~
Y2: 2000

& [OK] to accept the model dimensions.

A File attributes window will appear to indicate that the “ Sitemap.dxf” is being saved inside
the Visual MODFLOW project with the name “ Airport.Sitemap.MAP”.

“ [OK]

The Input menu will open, and a uniformly spaced 30 x 30 x 3 finite-difference grid will
automatically be generated within the model domain. The Grid and site map will appear on
the screen, as shown in the following figure:
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1 Yisual MODFLOW - [ E:\¥MODNT", Tutorial', Airport.ymf ]

File @rid Wells Properties Boundaries Particles ZBud Tools Help

=10l x|

Wiew Colurn

i Rlow

Wigw Laver

Goto Previous

Mext

Grid <

Inactive Cells __ »

Edit Grid 2

Edit Extents

Smaothing 3

Impart Elevation

Assign Elevation ¥
Contouring 2

e e ]

|1

Row  {I)
Calurnn (T
Layer (K

| Grid edit module

By default the Grid screen isloaded when you first enter the Input module.

Add Air Photo

At thistime, you may add an additional map for improved visualization; you will add an

airphoto of the site, in bitmap format.

& F4 (Map) button from the bottom toolbar.

A dialog will appear where you can specify the file to import. Browse to

vmodnt\Tutorial\Airport.
At the bottom of the dialog, under Files of Type,
@ Graphics File fromthelist.

& Airport.Airphoto.bmp file from thelist.

Import DXF/BMP file

Lok in: I@Airport j - I‘j‘ -

2|

firPhata

Airpart, AirPhato
airport2. AirPhoto
airport3. dirPhoto
airports, AirPhoto

File name:

(F1 3L G raphic file (% brop,* gif.* jpg.” phg,” tif]

Open

[ o= |
Cancel |

“ [Open]
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A “Select Mode Region” dialog will then appear, as shown below.

A select Model Region 10l =|
File ©ptions Help

Georeference Point
K1
1
H2
v
odel Origin
b

Y

Angle

2 2 2 =2

=] =)
= =2

=

Model corners
K1
1
H2
v

MRaws |20
MCalumns |20

= St Grid

=

=

=
2 2 2 =2

=

Help |

In order to map the pixels of the image to a coordinate system, the image must have two
georeference points with known coordinates. These georeference points can be defined using
the procedure described below. For thisimage, the two points have been marked with ared X,
and are located at opposite ends of the airport’s main runway (and are circled in the image
above).

To set the georeference points,

*» Click onthered X located on the left side of the map. A Georeference point
dialog will appear prompting for the X1 and Y 1 world coordinates of the selected
location:

Georeference poink

1 1 |

Ok | Lancel |

« Enter the X1 and Y1 coordinates for this point.
for X1, type: 502
for Y1, type: 1212

¢ Click [OK]

 Click onthered X located on theright side of the map. A Georeference point
dialog will appear prompting for the X2 and Y 2 world coordinates of the selected
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location:
for X2, type: 1619
for Y2, type: 1863
* Click [OK]
A box will appear around the map region.

 Click [OK] to continue
A confirmation message will appear, displaying the filename of the georeferenced image.

* Click [OK] to continue

If the map image was correctly georeferenced, the river and runway |ocations should match
up closely with those digitized in the AutoCAD Sitemap.dxf file. The display should now be
similar to the one shown below.

1 Yisual MODFLOW - [ E:\¥MODNT", Tutorial', Airport.ymf ] = |EI|1|
Particles ZBud Tools Help

File @rid Wells Properties Boundaries

Wiew Colurn
igw Flow

Wigw Laver

Goto Previous

Mext
Grid =

Inactive Cells __ »
Edit Grid 3
Edit Extents
Smaothing 3
Impart Elevation
Assign Elevation ¥

Contouring 2

1 16533
Yio1978.9
Z:15.0

Row  {I) 1
Column (T2 25
Layer (K 1

| Grid edit module

The site map properties can be defined in the overlay control.

& F9 (Overlay Control) button from the bottom toolbar.
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Overlay Control |

Ovwerlay Order
" UserDefined & Default Settings ‘

Owerlay List Filter
IAII Available Dverlays 'l [ List only the visible overlays

Selected | Overlay Mame | Settings |;ﬂ
FT - Particles
BC[T] - Point Source
BC[T] - Evapatranspiration Conc.
BL[T] - Recharge Conc.

BCI[F] - Stream Cells

BLCIF] - Drain

BLI[F] - General Head

BLCIF] - River

BLC[F] - Constant Head

Frop(T] - Species Parameters

BL[T] - Constant Conc.
Frop(T] - Initial Conc.
Frop(T] - Dispersion
Frop(T] - Bulk Density
Gen - Zone Budget
Frop(F] - Initial Head
BLC[F] - Evapotranspiration
BLIF] - Recharge

Frop(F] - Storage

N Y Y o o
L e L

<

-

[~ Sort Alphabetically LI il LI il

Delete | Apply | Ok | Lancel |

For the remainder of thistutorial, the screenshots will not display the airphoto; you may keep
thisvisibleif you wish.

& Map-Airport.Airphoto [Bitmap] checkbox, to turn off this map.
< [OK]

This concludes Section 1: Generating anew Modél. In the next section, you will refine the
model grid.

Section 2. Refining the Model Grid

The Grid screen provides a complete assortment of graphical tools for refining the model
grid, delineating inactive grid zones, importing layer surface elevations, assigning el evations,
optimizing (smoothing) the grid spacing, and contouring the layer surface elevations.

This section describes the steps necessary to refine the model grid in areas of interest, such as
around the water supply wells, refueling area, and area of discontinuous aquitard. The reason
for refining the grid is to get more detailed simulation resultsin areas of interest, or in zones
where you anticipate steep hydraulic gradients. For example, if drawdown is occurring
around the well, the water table will have a smoother surface if you use afiner grid spacing.
Also, layer properties can be assigned more correctly on afiner grid.

To refine the grid in the X-direction,
@ [Edit Grid >] Edit Columns

A Columns window will appear showing the options you have for editing the grid columns.
By default the Add option is selected, and new grid lines can be added by clicking the mouse
on the desired location of anew grid line.

Move the mouse anywhere in the grid. Notice that a highlighted vertical line follows the
location of the mouse throughout the model grid. This line may be used to add a column at
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any location within the model domain. In this exercise, you will refine the model grid in the
refueling area, near the water supply wells, and around the discontinuous aquitard border.

@ O Refine by
Leave the default value of 2 as the refining criterion. & 0

Click anywhere on the blue background to activate the model domain. © Delete
Move the mouse cursor over the model and click at following X-

coordinates (do not worry if you cannot hit the exact values, simply R
click on the column closest to this number): € Coasenty  [7
Hint: Use navigation cube for assistance. mpott | Export |
Reg|0n 1 Lloze |

e X=670

e X =940
Region 2:

* X =1070

* X =1140
Region 3:

e X =1340

* X =1600
Asyou click on any pair of columns, each interval between them is divided into two by an
extra column.

@ [Close] to exit the Columns window

Next, you will refine the grid in the Y-direction around the refuelling area, the area of
discontinuous aquitard, and the supply wells.

& [Edit Grid >] Edit Rows
& @ Refine by
L eave the default value of 2 asthe refining criterion.

Click anywhere on the blue background to activate the model domain. Move the mouse
cursor over the model and click at following Y-coordinates (do not worry if you cannot hit the
exact values, simply click on the column closest to this number):

Region 1:
* Y =400
e Y=730
Region 2:
* Y =860
* Y =930
Region 3:
* Y =1060
e Y =1130
Region 4:
* Y =1660
* Y =1860
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& [Close] to exit the Rows window

The refined grid should appear as shown in the following figure:

 ¥isual MODFLOW - [ E:\¥MODNT} ial\Airport.vmf ]

=10l x|

Fle Grid wells Froperties Bound articles ZBud  Tools Help

i View Layer g —

Coto | Previow:
Grid |

13
AR G b
\.Edit Extents )

rookhing
Import Eleyation

3
3
3

‘Contouring

S

114926

¥ 1923.9
z:15.0

Row (I 2

Column(M: 30 |EL F2
Layer (K 1 Egu

Grid edit module

The following steps will show you how to view the model in cross-section:

& [View Column] from the left toolbar

Move the mouse cursor anywhere in the grid. Asyou move the cursor across the screen, ared
bar highlights the column corresponding to the cursor location. To select a column to view,

& Left mouse button on the desired column

Visua MODFLOW transfers the screen display from plan view to a cross-sectional view of
the model grid. At this point the model has no vertical exaggeration and the cross-section will

appear as athick line with the three layers barely discernible. To properly display the three
layers, you will need to vertically exaggerate the cross-section.

& [F8 - Vert Exag] from the bottom of the screen. A Vertical Exaggeration window
appears prompting you for a vertical exaggeration value.

Type: 40

&  [OK] Thethreelayers of the model will then be displayed, as shown below:
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FLo (2 (B2 [ [ Fooodl FEaoodl E2 DB umdl B2 oer] 0 man
& & Uert Ouer | g Main)
2 Hetp _ [HAay | Bliten
15 of an area to be zoomed in

From the figure you can see that each layer has a uniform thickness across the entire cross-
section. However, nature rarely provides us with geology that conformsto flat horizontal
layering with uniform layer thickness.

. Visual MODFLOW provides a dramatically improved set of tools for importing, creating, and
-__NEW_': modifying layer surface elevations for the finite difference model grid. Fromimporting USGS
77 DEM files, to specifying a constant slope using Srike and Dip information, no other
graphical interface offers a more complete set of features for designing the model grid layer
surfaces. Visual MODFLOW supportsimporting of variable layer elevationsfrom a variety of
data filesincluding

» Points data (XYZ) ACII files (.TXT, .ASC, .DAT),
» MSAccess Database files ((MDB),

* MSExce files (.XLS),

* ESRI Point files (.SHP),

* USGSDEM files (.DEM),

» Surfer gridfiles (.GRD),

* ESRI gridfiles (.GRD), and

» Mapinfo grid files ((GRD).

In this example, we will import text files containing elevation datafor selected X and Y
coordinates within the model domain.

& [Import Elevation] from the |eft-hand toolbar

The following Create grid elevation wizard will appear:
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23 Create grid elevation =] ]

Loper surtace [ EETERTEEOMME = [ FiedDuinglmpot 0" | 20 Previen | Ay Preview |
Oersfe v [k R& L \BE?+ 0 %00 \

2000

ggggggg

Data preview

[ [ Station [X-coordinate [ Y-coordinats [ Elevation [m] |

1000

Uhda | Reset | Previewc< | =

i 1000 2000

e | * | el | e=nfa r=nja [

Thiswizard allows you to import and interpolate a data set to the model grid for each of the
selected model layers. By default, in the Layer surface field, the Ground Surface isthe
selected layer. Previews of the 2-D and 3-D interpolated/modified layer surface elevations,
and a cell-by-cell spreadsheet data Array, are displayed in tabs on the right side of the
window.

& EI in the Options field and select Import data from the pull-down menu.

Upon selecting this option, the Interpolation . ETETEy

settings frame will appear underneath the Options T |
field. It isused to select adatafile, and an e :

interpolation method (Natural Neighbors, Kriging, Data souce D:ATutorial\Aipt_gs.sc | 5 in| |
or Inverse Distance). By default, intheInterpolator | "epdstefimeseDistance 2] e |

field, Natural Neighbors is selected. However, for _pdvace |
this example, use the [ button to select Inverse
Distan ce.
& 2 associated with the Data source field, and the following Open window will
appear:
Lookir |23 Tuiwria = ®)| et
g
5] sipt_b3
5] Airpt_as
File name: Qpen |
Files of type: 2l a , | Cancel

fid - Maplnfo Grid
Grid - Surfer Grid file [*

]
Giid - USG5 DEM fle (~DEM)
Points - Access Databas fis [* MDB]
Foints - A5C1YZ file (= TRT * ASC7DAT % TA4
Poirts - ESRI Shape fils (= SHF)
Foints - Excel Spreadshest file (~XLS

To select the ground surface topography data file, browse to vmodnt\Tutorial\Airport and,
& Airpt_gs.asc (accept the default file format)
" [Open]
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The following Match fields window will appear.

A Match fields [_1o[<
[~ Line range Dilimiter
@ Al Use column names in fine {0 v Space [v Comma

€ Lines: ¥ Tab [ Slash

Enter list of ine numbers and line ranges separated firorel
by commas. For example: 1.3512.23END L)

Fequied Dala I Match to calumn number.. =]
|| Station n/a
|| X-coordinats 1
| v-coordinate 2
|| Elevation 3 =
Mo | Eclurn B 1 I Courn B2 I Tomn£3 -]
b1 0 170
=2 500 a 165
| |3 1000 a 170
| |4 1500 a 16.5
5 2000 a 170
| B a 500 195
| 500 500 18.3
|8 1000 500 188
oy 1500 500 18.3
[ 10 2000 500 195
L1 a 1000 203
[ 12 500 1000 181
_[13 1000 1000 203
[ 14 1500 1000 181
| 15 2000 1000 203
|16 a 2000 21.2
Ak 1000 2000 191
| 18 2000 2000 21.0 %
4 I _’l_J
Source Line No: 1
bep | mews | Zaned |

The Required Data frame lists the columns from the data file, and the Match to column
number frame is used to match the corresponding data to each data field, as required by the
wizard. As shown in the above window, Type the appropriate number in each field to match
Column #1 to X-coordinate, Column #2 to Y-coordinate, and Column #3 to Elevation.
Once all columns are matched, the [Next] button is activated.

& [Next] to proceed to the Data Validation window (shown below).

ZAData Validation H=1 E3

¥ ‘gnore empty/invalid entries

Wiew/Edit | Enors |

b =

Station [ Hecoodinate | Y-coordinate | Elevation =]
| | Station #1 i 17.0
| Station #2 500 a 165
|| Station #3 1000 a 17.0
[ Station #4 1500 a 165
| Station #5 2000 a 17.0
| Station #E a 500 145
|| Station #7 500 500 183
[ Station #3 1000 500 145
| Station #3 1500 500 183
| Station #10 2000 500 145
|| Station #11 1} 1000 203
| Station #12 500 1000 181
| Station #13 1000 1000 203
[ Station #14 1500 1000 181
|| Station #15 2000 1000 203
| Station #16 a 2000 21.2
[ Station #17 1000 2000 141
|| Station #18 2000 2000 21.0

=

Source Line No: 1

i | Help | <<Back | Finish | Cancel |

Sincenoinvalid entries (offending cellswould be highlighted with ared color) are detected, it
ensures that the data set contains valid data, and that data points are located within the model
domain, as depicted in the Coordinate System and Units window shown below.

& [Finish] to proceed to the Coordinate System and Units window, and then

@ Select Model inthe Coordinate System frame, and Meters in the Elevation Units
frame (as shown below).

& Click [Preview] button

Visual MODFLOW: Introduction and Tutoria 25



23 Coordinate System and Units T

Please select the coordinale system and : -
measurement uriks of the file Ait_gs. a5 Freviewce | | S B A A BB
=
. £ *
Co-ordinate spstern— | Flane unit Elevation unit
C Wforld e
£ Weters & e
& Model e
; € Fest
 Geographic ;
g ) Feet
 User defined =LA
o
S1% + + + 4
o + + + 4
o4 & & & ‘
0 1000 2000
Hee | ok | ceee | S ]

@ [OK] and the following window will appear.

#Areate grid elevation =101x|
2 Preview | 34
Layer surface| Ground Surface S| (s e | 30 Preview | Array Preview |
Optor [ SRR - EEfRa L EET e D 7 0OH \
Interpolation setting g - :
]

Data sounc [ata\Tutoriah it _g.asc| 2] in| |

Inierpalator|Watural Meighbous ] e |

Advanceds»
Generat
[ Wirimum Layer Thickness [m] [1 ‘

Data preview

‘ Station ‘X—cuuldmate ‘Y—cuurdinale |Elevalmn [m] I;

[ra] [m]
[P | Statin#1 0 1] 7
| | @ Stain#2 500 1] 165
|| ¥ Station#3 1000 0 17 -
| | @ station#t4 1500 i 165 S
|| Station#5 2000 0 17 =
| | @ Stain#s 0 500 195
|| @ Statin#7 500 500 183
|_| ¥ staton#i8 1000 500 195
|| # staton#3 1500 500 183
|| ¥ station#10 2000 500 195
|_| @ Statin#11 0 1000 203
|_| ¥ staton#i12 500 1000 181
|| @ station#13 1000 1000 203
|| @ station#14 1500 1000 181
|| ¥ station#15 2000 1000 203 _
|_| @ Statin#16 0 2000 212
| | ¥ station#17 1000 2000 191 =
[
Uio | Bt | Previewce | ol
o 1000 2000

“  [OK]

Before proceeding further and assigning the interpolated layer elevations to the selected

model grid layer, aWarning message appears to confirm that the model elevations are going
to be changed.

& The parameter(s] of layer changed. Would you like ta apply thiz parameter(s).

w | owes |

& [Yes]
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If the proposed changes to your model surface elevations would conflict with the head values
of previously assigned boundary conditions, awarning message would appear, providing you
with the opportunity to address the issue. In this case, no potential problems are detected.

Next you will import the surface elevations for the bottom of Layer 1.
% [Import Elevation]

& EI associated with the Layer surface field and select Bottom of Layer 1 from the
pull-down menu.

@ | associated with the Options field and select Import data from the pull-down
menu.
& EI to select the Inverse Distance interpolation method

& associated with the Data source field and select the Airpt_b1.asc from the
vmodnt\Tutorial\Airport folder (to select the elevation data for the bottom of
Layer 1) in the Open window.

% [Open]

Match Column #1 to the X-coordinate, Column #2 to the Y-coordinate, and Column #3 to
the Elevation.

& [Next] to view the Data Validation window.
& [Finish] to proceed to the Coordinate System and Units window.

& Select Model inthe Coordinate System frame, and Meters in the Elevation Units
frame.

& [OK] to import the elevation data.
< [Apply] inthe Create grid elevation window.
Next you will import the surface elevations for the bottom of Layer 2 and Layer 3.

& EI associated with the Layer surface field and select Bottom of Layer 2 from the
pull-down menu.

& | associated with the Options field and select Import data from the pull-down
menu.
& EI to select the Inverse Distance interpolation method

& associated with the Data source field and select the Airpt_b2.asc from the
vmodnt\Tutorial\Airport folder (to select the elevation data for the bottom of
Layer 2) in the Open window

& [Open]

Match Column #1 to the X-coordinate, Column #2 to the Y-coordinate, and Column #3 to
the Elevation.

& [Next] to view the Data Validation window.

& [Finish] to proceed to the Coordinate System and Units window, and then select
Model inthe Coordinate System frame, and Meters in the Elevation Units frame.

& [OK] to import the elevation data.
& [Apply] inthe Create grid elevation window.

& [Yes] to confirm the changes in the model elevations.
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The bottom of layer 2 will then appear with avariable layer surface.

Next you will import the surface elevations for the bottom of Layer 3. Follow the previously
described process, noting that for the Bottom of Layer 3, you will select Airpt_b3.asc from
the pull-down menu. The bottom of Layer 3 will then appear with avariable layer surface.

. Visual MODFLOW incorporates graphical selection and assignment of grid cell elevations.
-__NEW_} You can easily digitize the desired cell area using a polygon or rectangle selection, or simply
T “paint” agroup of cells, and then assign a constant el evation to the top or bottom of the layer
surface. Built-in data validation checks prevent layer surfaces from intersecting adjacent
layers, and provides suggested remedies in situations where this would occur.

The model cross-section should appear similar to the following figure (when viewing column
19).

Rol
Calumn (2% 19
Layer (K):

|Grid edit module

Next you will return to the layer view of the model domain,
& [View Layer] from the |€eft toolbar

Then highlight the top layer of the model and click left mouse button. Thiswill create a plan
view of the Airport site.

Section 3: Adding Pumping Wells
The purpose of this section is to guide you through the steps necessary to assign pumping
wells to the model.
& [Wells] from the top menu bar
& [Pumping Wells] from the drop-down menu
You will be asked to save your data:

& [Yes] to continue
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Once your model has been saved, you will be transferred to the Pump Wells input screen.
Notice that the left-hand toolbar buttons now contain well-specific options for importing,
adding, deleting, editing, moving, and copying pumping wells.

Before you begin adding the pumping wells for this model, zoom in on the area surrounding
the water “ Supply Wells’ text (in the lower right-hand section of the model domain).

& [F5-Zoom In]

Move the cursor to the upper right of the “ Supply Wells’ text and click on the left mouse
button. Then stretch a zoom window around the supply wells location markers, and click
again to view the selected area.

To add a pumping well to your model,
@ [Add Well]

Move the pointer to the western pumping well location marker and click the left mouse button
to add a pumping well at thislocation.

A New Well window will appear (shown below) prompting you for specific well information.

Type the following information:

Well Name: Supply Well 1 < COT— 4
0O B3 (G hetietrs @ ks |
X: 1415 & whell Name  [Supply Well 1 w1418 m] 'Y=[535 m) Z=371 [m]
. Screened Intervals — b% KK ** **
Y: 535 Sereen Eattom ) |Sereen Top (m) | 18480,

0.3 Ha

To add a Screened Interval,

T

Click in the column labelled Screen LYCT R -
Bottom and Type the following values: it H R £.0m0

Start [day) End [day) Flate [m"3/d)
0 7300

2l

Screen Bottom (m): 0.3 &

Screen Top (m): 5.0

e R

Notice the well screen interval appearsin the
well bore diagram on the right-hand side of the
window. The well screen interval can be & i
modified by clicking-and-dragging the edge of

the well screen to a new top or bottom elevation.

To enter the well Pumping Schedule, click the left mouse button once inside the text box
under the column labelled End (day) and Type the following information.

End (day): 7300 &
Rate (m~3/day): -400
& [OK] to accept thiswell information.

An end time of 7300 days was used because this simulation will be run for twenty years.
However, since this will be a steady-state flow simulation, you can use any time value you
like and the results for the flow simulation will not change. A Steady State run means that the
model isrun using thefirst input value for each parameter until equilibrium is achieved,
irrespective of relative time. Therate is entered as a negative number because thiswell isan
extraction well.

If you havefailed to enter any required data, Visual MODFLOW will prompt you to complete
the table at thistime.
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The next step isto assign the well parameters for the second pumping well by using a
shortcut. Thiswill alow you to copy the characteristics from one well to another location.

& [Copy Well] from the | eft tool bar

Move the pointer on top of the western well (Supply Well 1) and click on it. Then move the
cursor to the location of the eastern well and click again to copy the well.

Next you will edit the well information from the new (copied) well.

& [Edit Well] from the left toolbar and select the new pumping well, currently named
“Supply Well 1 (2)"

An Edit Well window will appear. In this window:
Type: Supply Well 2 inthe Well Name field
Type: X=1463, Y= 509, and
Type: -550 in the Rate (m~3/day) field
& [OK] to accept these changes
% [F6 - Zoom Out]

. Visual MODFLOW supports pumping well optimization using the Modular Groundwater
___NEW_} Optimizer (MGO) program. This program s primarily used to deter mine the optimal well
777 pumping and/or injection rates at one or more wells, in order to achieve a specific objective
while maintaining reasonable system responses. For more information, refer to the Visual
MODFLOW Users' Manual.

Section 4. Assigning Flow Properties
This section will guide you through the steps necessary to design a model with layers of
highly contrasting hydraulic conductivities.
& Properties/Conductivity on the top menu bar
& [Yes] to save your data

You will now be transferred to the Conductivity input screen where you will modify the
default hydraulic conductivity values (Kx, Ky, and Kz) for each cell in the model.

Click on the [Database] button and Type the following values in the window:

Kx (m/s): 2e-4 <&
Ky (m/s): 2e-4 &
KZ (m/ S): 2e'4 Conductivity

Distribution

& [OK] to accept th% Val ues | Zone K [mi'z] Ky [mi'z] Kz [m/z] Active A!'E-"'

1 []ooooz 0.0002 0.0002 v
Note that in this case the Kx, Ky, and ’ﬂ
Kz values are the same, indicating the |Hydrauiic. conductivity in Z-direction Yalue = 0.0002
assigned property values are assumed
horizontally and vertically isotropic.
However, anisotropic property values
can be assigned to amodel by modifying the Conductivity Database.

LEleamlp | Advanced »> Ok LCancel

Visual MODFLOW now imports additional model propertiesincluding Initial Heads, Initial
NEw Concentrations, and Dispersivities. Visual MODFLOW v.3.0 originally introduced the

p o
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capability to import and interpolate Conductivity and Siorage zone distributions from
external data sources, including XYZ ASCII.TXT files, MS Access.MDB files, MS Excel . XLS
files, and ESRI Point and line. SHP files. The ability to map property zones and recharge
zones from ESRI Polygon .SHP filesis also included with Visual MODFLOW.

In thisthree layer model, layer 1 representsthe upper aquifer, and layer 3 represents the lower
aquifer. Layer 2 represents the aquitard separating the upper and lower aquifers. For this
example, we will use the previously assigned hydraulic conductivity values (Zone# 1) for
model layers 1 and 3 (representing the aquifers) and assign different Conductivity values (i.e.
anew Zone) for model layer 2 (representing the aquitard). Note that layer 1 is the top model

layer.
& [Goto] from the |€eft toolbar
The Go To Layer window will appear.
Type: 2
< [OK]

You are now viewing the second model layer, representing the aquitard. The next step in this
tutorial isto assign alower hydraulic conductivity value to the aquitard (layer 2). We can
graphically assign the property valuesto the model grid cells.

The[Assign >] Window button in the left-hand toolbar alows you to assign a different
hydraulic conductivity inside a rectangular window.

% [Assign]
% [Window]

Move the mouse to the north-west corner of the grid and click on the centre of the cell. Then
move the mouse to the south-east corner and click on the centre of the cell. This creates a
(white) window covering the entire layer.

A Conductivity - [Assign Window] dialog will appear.
% [New]
The entire grid will turn blue and the Zone # will increment to a value of 2.

To enter aquitard conductivity values (for the new Zone# 2), click in the Kx Value field and
Type the following values:

Kx(m/s): 1e-10 <&

Ky(m/s): 1le-10 &
Kz(m/s): 1le-11

Conductivity - [Azsign ‘Window]

Zone ﬂ|2 @ - TdEvy I

Mame | Walue [ Unis | Description |
| |Ex 1e-10 [m'z] Hydraulic conductivity in ¥-direction
| |Ku 1e-10 [m'z] Hydraulic conductivity in -direction
| &Kz 1e-11 [m'z] Hydraulic conductivity in Z-direction

Ok Lancel

@ [OK] to accept these values

Now view the model in cross-section to see the three hydrogeological units.
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& [View Column] and click on a Column through the Zone of Discontinuous
Aquitard.

 Yisual MODFLOW - [ E:\¥MODNT', Tutorial\irport.ymf ]
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The upper aquifer, agquitard, and lower aquifer units should be plainly visible by the different
colors of the Conductivity property zones, as shown in the previous figure (viewing column
19).

Although the region where the aquitard pinches out is very thin, the conductivity values of
these grid cells should be set equal to the Conductivity values of either the upper or lower
aquifers.

To do this, you must return to the planar view of the model.
& [View Layer] and click on Layer 2

In this particular example, the zone of discontinuous aquitard is indicated on the DXF
sitemap.

Next, Zoom in on the area where the green circle delineates the discontinuity in the aguitard.
@ [F5-Zoom In]

Move the mouse to the upper left of the discontinuous aquitard zone and click the left mouse
button. Then stretch abox over the areaand click again. A zoomed image of the
discontinuous aquitard zone should appear on the screen.

% [Assign >]
& [Single] to assign a property to an individual cell

A Conductivity - [Assign Single] window will appear displaying the last K property that
was entered (Zone # 2). Click on the up-arrow key | & | beside the Zone # field so that Zone #
1 isthe active K property.

DO NOT SELECT [OK] AT THISTIME.

Move the mouse into the discontinuous aquitard area defined by the green circle. Pressthe
mouse button down and drag it inside the area until the cells within the zone area are shaded
white (as shown in the following figure).
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Conductivity edit module

If you accidentally re-assign some grid cells that shouldn’t be included, Right-Click on these
cells to change them back to the original setting.

Once you are finished painting the cells, click the [OK] button in the Conductivity - [Assign
Single] window.

& [F6 - Zoom Out] to return to the full-screen display of the entire model domain.
To see the model in cross-section,

% [View Column]

@ Click onacolumn passing through the zone of discontinuous aquitard (e.g. col. 19)
A cross-section will be displayed as shown in the following figure.
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Return to Main Menu

Return to the plan view by selecting the [View Layer] button, and then clicking on Layer 1in
the model cross-section view.

Next you will modify the storage values.
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& Properties/Storage on the top menu bar

You will be transferred to the Storage input screen where you will modify only the default
Specific Storage value, but NOT the Specific Yield, Effective Porosity, or Total Porosity
values.

@ Database from the |eft-hand tool bar

Type: 1E-4 for Ss(1/m) (as shown in the figure below):

clive
I_g_!1 CT1e4 [H] 015 03 7 r

|Specific storage Yalue = 1E-4

& [OK] to accept these values

This concludes the section of the tutorial explaining how to assign constant value property
zones. For this example you have modified the Conductivity and Storage values for the
model. Visual MODFLOW aso provides the same types of graphical tools for editing the
Initial Heads estimates for the flow model, and the model properties associated with flow and
transport processes.

Section 5: Assigning Flow Boundary Conditions

The following section of the tutorial describes the steps required to assign various model
boundary conditions.

Assigning Aquifer Rechargeto the Model

In most situations, aquifers are recharged by infiltrating surface water. In order to assign
rechargein Visual MODFLOW, you must be viewing the top layer of the model. Check the
Navigator Cube in the lower |eft-hand side of the screen to see which layer you are currently
in. The first boundary condition to assign is the recharge flux to the aquifer.

@ Boundaries/Recharge from the top menu bar

If you are working on a new model, aRecharge - [Assign Default Boundary] window will
prompt you to enter the Stop Time. Note that when the model was created, a zero recharge
rate was assigned to the model as default value. Visual MODFLOW automatically assigns
this recharge value to the entire top layer of the model. Enter the following information in the
Recharge window:

Stop Time [day]: 7300 <~
Recharge [mm/yr]: 100

& [OK] to accept these values
% [F5-Zoom-In]

Move the cursor to the upper |eft of the refuelling area and click on the left mouse button.
Then stretch a box around the refuelling area and click again to close the zoom window.

Now you will assign a higher recharge value at the Refuelling Areawhere jet fuel has been
spilled on adaily basis:
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@ [Assign >] Window

Move the cursor to the top-left corner of the Refuelling Area and click the left mouse button,
drag awindow across the refuelling area, and click the left mouse button again. The
Recharge- [Assign Window] window will appear.

Edit zelected row(s] or column: v

| Start Time [day] | Stop Time [day] | Recharge [mmdy] | Active |;|
] 720 100 |2

H

Ok LCancel |

& [New] to create a new Recharge zone

The zone # will increment to avalue of 2 and the zone color preview box will turn blue. Type
the following values:

Stop Time [day]: 7300 <~
Recharge [mm/y]: 250
& [OK] to accept these values

The grid cellsin the Refuelling Areawill be colored blue to indicate they contain values for
Recharge Zone #2.

Now return to the full view of Layer 1.
% [F6-Zoom Out]

Assigning Constant Head Boundary Conditions

The next step is to assign Constant Head boundary conditions to the confined and unconfined
aquifers at the north and south boundaries of the model.

As an alternative to clicking Boundaries/Constant Head from the top m
menu bar, use the overlay picklist on the left-hand toolbar to switch from . =
the Recharge overlay to the Const. Head overlay (scroll up thelist to find vl
Const. Head). [
.3

& [Yes] to save your Recharge data

Thefirst Constant Head boundary condition to assign will be for the upper unconfined aquifer
along the northern boundary of the model domain. To do this you will use the [Assign >]
Line tool.

@ [Assign >] Line from the left hand toolbar

Move the mouse pointer to the north-west corner of the grid (top-left grid cell) and click on
this location to anchor the starting point of the line.

Now move the mouse pointer to the north-east corner of the grid (top-right grid cell) and
Right-Click on thislocation to indicate the end point of theline.
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The horizontal line of cellswill be highlighted and a Constant - Head - [Assign Line]
window will appear as shown in the following figure:

Constant-Head - [Azzign Line]
File Help

Drescription: IEH - Upper Aquifer - Morth 3. a E

[~ Assign to appropriate layer

I™ Linear gradient

Edit zelected row(s] or column: =
Start Time [day] | Stop Time [day] | Start Time Head | Stop Time Head | Active l;l
[m] i |
0 7300 13 13 T |
Ok | Lancel |

Type the following values:

Description: CH - Upper Aquifer - North
Stop Time (day): 7300 <

Start Time Head (m): 19 &

Stop Time Head (m): 19

@ [OK] to accept these values

The pink line of grid cellswill now turn to adark red color indicating that a Constant Head
boundary condition has been assigned to these cells.

Next you will assign a Constant Head boundary condition aong the northern boundary for the
lower confined aquifer.

& [Goto] on the |€eft toolbar

The Go To Layer window will appear. In the Layer you wish to go to field, the number 1
will be highlighted as the default setting.

Type: 3
& [OK] to advanceto layer 3

Check the Navigation Cube to ensure that you are viewing Layer 3. The current layer number
is displayed next the field labelled Layer (K).

Now assign the Constant Head boundary condition to the line of grid cells along the northern
boundary of Layer 3.

% [Assign >] Line

Move the mouse pointer to the north-west corner of the grid (top-left grid cell) and click on
this location to anchor the starting point of the line.

Now move the mouse pointer to the north-east corner of the grid (top-right grid cell) and
Right-Click on thislocation to indicate the end point of the line.

A horizontal line of cellswill be highlighted and a Constant- Head - [Assign Line] window
will appear.

Type the following values:

Description: CH - Lower Aquifer - North <
Stop Time (day): 7300 <~
Start Time Head (m): 18 &
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Stop Time Head (m): 18
& [OK] to accept these values

The pink line of grid cellswill now turn to adark red color indicating that a Constant Head
boundary condition has been assigned to these cells.

Next, assign the Constant Head boundary condition to the lower confined aquifer along the
southern boundary of the model domain.

% [Assign >] Line

Move the mouse pointer to the south-west corner of the grid (bottom-left grid cell) and click
on this location to anchor the starting point of the line.

Now move the mouse pointer to the south-east corner of the grid (bottom-right grid cell) and
Right-Click on thislocation to indicate the end point of the line.

A horizontal line of cellswill be highlighted and a Constant- Head - [Assign Line] window
will appear.

Type the following values:

Code description: CH - Lower Aquifer - South <&
Stop time (day): 7300 <&

Start Time Head (m): 16.5 &

Stop Time Head (m): 16.5

& [OK] to accept these values

The pink line of grid cellswill now turn to adark red color indicating that a Constant Head
boundary condition has been assigned to these cells.

Now view the model in cross-section along a column to see where the Constant Head
boundary conditions have been assigned.

& [View Column] from the left toolbar

Move the mouse into the model domain and select the column passing through the zone of
discontinuous aquitard. A cross-section similar to that shown in the following figure should
be displayed (viewing column 19).

1 Yisual MODFLOD'
File Grid wiells ZBud Tools Help

7

Row (I

Column (13 19
Layer (K):

|Constant head edit module
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The hydraulic conductivity property zones can also be displayed at the same time.
% [F9 - Overlay]

The Overlay Control window will appear providing alist of available overlays that may be
turned on and off.

Usethe Overlay List Filter to display only the Properties overlaysby clicking the j button
and selecting Properties.

& M Prop(F) - Conductivities
@ [OK] to display the Conductivity overlay

The grid cellsin the middle layer of the model (Layer 2) should be colored dark blue, except
in the region of the Discontinuous Aquitard, to indicate they belong to Conductivity Zone #2.

Now return to the layer view of the model domain.
& [View Layer] button from the | eft toolbar

Move the mouse into the cross-section and select Layer 1.

Assigning River Boundary Conditions

If you look closely at the sitemap, you will see the Waterloo River flowing along the southern
portion of the model domain (drawn in alight blue color). The following instructions describe
how to assign a River boundary condition in the top layer of the model.

& Boundaries/River from the top menu bar to enter the River input screen
@ [Assign >] Line from the | eft toolbar

Beginning on the south-west side of the grid and using the sitemap as a guide, digitize aline
of grid cellsaong the river by clicking along its path with the left mouse button.

When you have reached the south-east boundary, Right-Click the mouse button at the end
point of the line.

The grid cells aong the Waterloo River will be highlighted in pink and River - [Assign Lineg]
window (as shown in the following figure) will prompt you for information about the river.

Traditionally, the River boundary condition has required a value for the Conductance of the
riverbed. However, the Conductance value for each grid cell depends on the length and width
of theriver asit passes through each grid cell. Therefore, in amodel such as this, with
different sizes of grid cells, the Conductance value will change depending on the size of the
grid cell.

In order to accommodate this type of scenario, Visual MODFLOW allows you to enter the
actual physical dimensions of theriver at the Start point and End point of the line, and then
calculates the appropriate Conductance value for each grid cell according to the standard
formula.

Type the following information for the River boundary condition:
Description: Waterloo River
& [M.Assign to appropriate layer
& M.Use default conductance formula

& [M.Linear gradient
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Note that when the checkbox beside the Linear gradient is checked, two tabs, Start Point
and End Point appear in the window (as shown in the following figure)

@ Start Point tab and Type the following information:

Stop time (day): 7300 <~
River Stage Elevation (m): 16.0 &
River Bottom Elevation (m): 15.5 &
Riverbed Thickness (m): 01
Riverbed Kz (m/sec): le-4 &
River Width (m): 25

File

Deseiption: [waterlon River E [N

¥ Assign to appropriate layer
[+ Use default conductance farmula
¥ Linear gradient
Start point | End pointl
Edit zelected row(s] or column: [$RCHLNG*$R il

Start Time [day] | Stop Time [day] | River Stage [m] Riverbed Conductance Riverbed Riverbed Kz | River “Width [m] | Active |;|
I Bottom [m] | [m"2/day] | Thickness [m] [ms] |
.70 7300 16 15.5 [$RCHLMG*$RE 0.1 1e-4 28 iz

|

Qg Lancel |

& End Point tab and Type the following information:

Stop time (day): 7300 <&
River Stage Elevation (m): 155 &
River Bottom Elevation (m): 15.0 &
Riverbed Thickness (m): 0.1~
Riverbed Kz (m/sec): le-4 &
River Width (m): 25

& [OK] to accept these values.

After the River boundary condition has been defined, the River grid cellswill be colored dark
blue, as shown in the following figure:
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~ Visual MODFLOW has now integrated DHI’s software package MIKE 11, allowing you to
_NEW: run a coupled MIKE 11 + MODFLOW simulation. The MIKE 11 model acts as a river
77" boundary, and provides surface water |eakage data to the Visual MODFLOW simulation. For
a sample application of MIKE 11 and Visual MODFLOW, please refer to the MIKE 11
Tutorial; for more details, please consult your Users Manual.

Section 6: Particle Tracking

Particle tracking is used to determine the preferred flow pathways for a groundwater
‘particle’ starting from aknown location. In this section, you will be guided through the steps
necessary to assign forward tracking particles to determine the preferred contaminant
exposure pathways.

& Particles from the top menu bar
You will be asked to save the Boundary data,
& [Yes]

The Particle input screen will appear, with the various options for assigning particles
displayed along the | eft-hand toolbar.

For thismodel you will assign aline of particlesin the vicinity of the Refueling Areato
determine where the contamination from this location will travel once it isin the groundwater

Thefirst step isto once again zoom-in on the Refuelling Area.
& [F5 - Zoom In] from the bottom toolbar

Click the left mouse button near the top left corner of the Refueling Area, then drag awindow
over the area and click on the left mouse button again to close the zoom window.

& [Add>] Add Line to add aline of particlesin Layer 1

Move the cursor to the middle left side of the refuelling area and click the left mouse button.
Stretch aline to the right side of the refuelling areathen click again. A Line Particle window
will appear, as shown in the following figure:
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The default number of particles assigned is 10. Change the number of particlesto 5.
# of Particles: 5
“ [OK]

The line of green particles through the refuelling area indicates forward tracking particles.
Now return to the full-screen display of the model domain.

& [F6 - Zoom Out] (from the bottom toolbar)

At this point the first Module of this tutorial has been completed and you have now
successfully built athree-dimensional groundwater flow and particle tracking model.

The next Module of this tutorial deals with setting up the contaminant transport model, and
assigning the properties and boundary conditions for the transport model.

Note: You can skip Module I1: The Contaminant Transport Model on page 41 and
proceed to “Module I11: Running Visual MODFLOW on page 46 if you want to work
only with the Flow model.

Modulell: The Contaminant Transport M odel

Module Il provides instructions on setting up the Transport Model and assigning the required
properties and boundary conditions for the contaminant transport model.

If you have skipped MODULE I, then you may start at this point by opening the
Airport2.vmf project located in the Tutorial folder of the Visual MODFLOW
installation directory.
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Section 7: Setting Up the Transport Model

The following section outlines the steps necessary to complete a simplified transport model.
For the purposes of this tutorial the focus will be on the basic setup using MT3DMS, the
public domain contaminant transport program.

Contaminant Transport Properties

In this example, the only reaction that will be smulated is linear equilibrium adsorption of a
single dissolved species (the diesel fuel compound JP-4). However, depending on the
complexity of the problem you are dealing with, your model may be required to have several
different zones with different sorptive and reactive properties (distribution coefficients, decay
coefficients and yield coefficients) for each dissolved species in the model.

In Visual MODFLOW, the properties and processes for the transport model are assigned
using the same types of graphical tools as you used for assigning the flow model properties.

Viewing Sor ption Properties

For thistutoria you will not need to modify the Distribution Coefficient value you defined
during the transport model setup, but you may examine the sorption parameter values as
follows.

& Properties/Species Parameters from the top menu bar
You will be prompted to save changes,
& [Yes]
& [Database] from the |eft toolbar

The JP-4 Parameters Database window will appear as shown below.

JP-4 Parameters Database
Zone # K.d [1/[masL]] Color

» 1 |
2 1E-7 [ ]
3 1E-7 ]

Ok | Cancel |

The default distribution coefficient (Kd = 1.0e-7 L/mg) was specified during the setup of the
transport numeric engine. If thisis not so (e.g. if you did not enter this value when creating
the project), enter them now. Note that three separate zones were created, one for each layer
of the model.

The Kd values for each zone can be modified to accommodate heterogeneous soil properties
and reactions throughout the model domain. However, for this example you will keep it
simple and use a uniform Distribution Coefficient for each layer of the model.

& [OK] to accept the current settings

Assigning Dispersion Coefficients
The next step isto define the dispersion properties for the model.
& Properties/Dispersion from the top menu bar

You will be asked to save your data.
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& [Yes]

Visua MODFLOW automatically assigns a set of default values for each of the dispersivity
variables. The following table summarizes these values.

Longitudinal Dispersivity 10

Horizontal to Longitudinal Ratio | 0.1

Vertical to Longitudina Ratio 0.01

Molecular Diffusion Coefficient | 0.0

It is possible to assign alternate values for the longitudinal dispersivity by using the
[Assign>] option buttons from the left toolbar.

@ [Assign>] > Single

The Dispersivity [Assign Single] window

Dispersivity - [Assign Single]

with default dispersivity value will be Zoetl (2] hew |

d|$l a'yed If you ha\/e Spatlal Iy variable [ Hame | Walus I Uritz [ Dezcription |
d|SperS| on at your ste, you can create ILIDI 10 [m] Longitudinal dispersivity
different zones of grid cells containing oK | Concel |

unique dispersion values. However, for this
example, you will use a uniform dispersion value for the entire model domain.

@ [OK] to accept the default value

In order to modify the horizontal or vertical dispersivity ratios and/or the molecular diffusion
values you can use the [Layer Options] button from the left toolbar. MT3D only allows the
dispersivity ratios to be defined on alayer-by-layer basis - they cannot be defined on a cell-
by-cell basis.

For this example you will not need to modify the default dispersivity ratios.
@ [OK] to accept the default value

Section 8: Transport Boundary Conditions

In this section you will define the location and concentration of the contaminant source. The
source of contamination will be designated at the refuelling area as a Recharge Concentration
that serves as a source of contamination to infiltrating precipitation.

@ Boundaries/ Recharge Concentration from the top menu bar
You will be prompted to save your data.

% [Yes]
Check to ensure that you are viewing Layer 1.

Notice the dark blue grid cells near the Refuelling Area. These grid cells indicate where
Recharge Zone #2 is located. The Recharge Concentration input screen automatically
displaysthe different aquifer Recharge zones to help you assign the Recharge Concentration
valuesin the appropriate aress.

Once again, zoom in on the area of interest at the Refuelling Area.

& [F5 - Zoom In] and stretch azoom window over the refuelling area
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Next, assign the concentration to the natural recharge entering the model at the refuelling
area

@ [Assign >] Polygon from the left tool bar

Move the mouse around the perimeter of the Refuelling Area, ‘hssign Fiecharge Concenation
clicking on the corners of the area with the left mouse button, ot

then Right-Click to close the polygon. The areawill become
shaded in a pink color, and the Assign Recharge Stort Time [deg] TP el |
Concentration window will appear prompting you to Typethe - = =
following:

Code #: 1 Import | 0K | Cancsl |
Stop Time (day): 7300 <
JP-4 (mg/L): 5000

Stap Time [day]

& [OK] to accept these recharge concentration val ues.

@ [F6 - Zoom Out] to return to the full-screen view of the model domain

Section 9: Adding Observation Wells

Inthefinal step, before running the simulation, you will add the three observation wellsto the
model to monitor the JP-4 jet fuel concentrations at selected locations down-gradient of the
Refueling Area. The first observation well (OW1) wasinstalled immediately down-gradient
of the Refuelling Areashortly after the refuelling operation started. The other two observation
wells (OW2 and OW3) were installed two years later when elevated JP-4 concentrations were
observed at the first well (OW1).

You can add the Concentration Observation Wells individually using the toolbar options on
the left-hand menu, or you may import well datafrom avariety of file formatsincluding
ASCII (.TXT), Excel (.XLS), ESRI (.SHP), or MS Access ((MDB). In this section, we will
import concentration observation wells data from an Excel spreadsheet, as shown in the
following figure:

| B C G E I F [

| 1 [Well Name *-coordinate Y-coordinate Screen-ID Screen Elevation Observation Time JP-4-Cone =
(2| oW 780 1640 A

(3| oW1 760 1640 A 165 730 &0

4| oW1 780 1640 A 16.5 1480 280

5 | oW1 760 1640 A 165 2190 750

6| oW1 780 1640 A 16.5 2920 1100

7| oWt 760 1640 A 165 3650 1260

B Ow2 810 1415 A 16.5 730 1]

19| ow2 &10 1415 A 165 1460 1

10| Ow2 810 1416 A 16.5 2190

(11| Oow2 &10 1415 A 165 2920

12] Ow2 810 1416 A 16.5 3850

13| 0Ow3 910 1140 A 165 730

4] Ow3 910 1140 A 16.5 1480

16| OwW3 910 1140 A 165 2190

16| Ow3 910 1140 A 16.5 2920
17| Ow3 910 I 1140 ! A 165 3650

&M Concentration Wells.XLS / 1«

& Wells/Conc. Observation Wells from the top menu bar
You will be prompted to save your data.
& [Yes]

@ [Import Obs.] from the left toolbar
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The Open input window will appear as shown below. Change the Files of type: field to
Excel files * XLS, and browse for the datafile Concentration wells.XLS.

Lookin: | =3 Tutorial =l =

File name: ICDHDEHUEUUH wells Dpen I
Files of type: [Excel fles L5 [~ Cancal

@  [Open] to open the following window.

@NImport Concentration Well Data [_ [O]x]
- Line range Delimiter
& Al Use column names in line [1] [~ Space ¥ Comma
" Lines: ¥ Tab [ Slash

Enter s o ine rumbers and live ranges separated firorel
by cormas. For example: 13,512 23END Lo

i Co-oidinate system

Existing deta i
& Voild C Model @ Meigs " Replace ‘
Fiequiied Dats 1 Match to column number I Fil =]
| well Name 1
|| co-ordinate [m] 2
| co-ordinate [m] 3
|| ScreeniD 4
| Screen Elevation [m] 5
|| Observation Time [day] 3
| |JP-4[mg/L] 7 L’
No. | WellName #1 | K-ooordnate B2 | Y-coordinae #3 | SoiesrlD B4 | Scieen Elevalion | Dbseivalion Time | JP-4-Cone #7 P}
65 [}
[z owt 760 1640 A
EE 760 1640 A 165 730 1]
e 0w 760 1640 A 165 1460 280
=5 ow1 760 1640 A 165 2190 750
ol 0wl 760 1640 A 165 2920 1100
(Sl 0wl 760 1640 A 165 %50 1250
ole 0wz 810 1415 A 165 730 0
=8 owe 810 1415 A 165 1460 1
1 owz 810 1415 A 165 2190 5
[S[1 owz 810 1415 A 165 2920 2
12 0wz 810 1415 A 165 %50 &0
=13 owa 910 1140 A 165 730 0
1 ow3 910 1140 A 165 1460 0
(2[5 ow3 a10 1140 A 165 2190 0
|18 ow3 910 1140 A 165 2920 0
[z owa 910 1140 A 165 %50 0s
|
Source Line No: 2
Help Hews e |

In this window,
Type: 1inthe Use column names in line field
Match the column numbers to the corresponding fields. When you are finished,

®  [Next] and the following window will appear.

Well Data [ O] <]

&3 Import Concent

I~ Igrioie empiy/invaid eniies 1% Updale evisting wells

Wiew/E dit |E,m,S ]
3 =
Wellame | R coodnate m] | ¥ comanatem] | SoieeniD | Screen Elevaton | Dbservation Tie | TFalmg] I;|
[m] [daw]
> | owi 760 1640 A 165 3650 1250
[ lowz 810 1415 A 185 730 0
| lowe #10 1415 A 165 1460 1
[ lowz 510 1415 A 185 2130 5
| lowe 810 1415 A 165 230 E
[ lowz 510 1415 A 185 3650 &
| lowa 10 1140 A 165 70 0
[ lows 310 1140 A 165 1460 0
| lowa 410 1140 A 165 2130 0
G 310 1140 A 165 2320 0
| lowa 410 1140 A 185 3850 05 L
Source Line No: 1
Help aliete <¢Back s o |

®  [Finish] to import the wells.

When you are finished assigning Concentration Observation wells, click the [F6-Zoom Out]
button in the bottom toolbar to refresh the screen.
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To prepare for the next Module, select [F10 - Main Menu] from the bottom toolbar and select
[Yes] to save your data.

Modulelll: Running Visual MODFL OW

Module 11 guides you through the selection of some of the MODFLOW, MODPATH and
MT3D run options that are available with Visual MODFL OW.

If you have skipped Module | & 11, then you may start at this point by opening the
Airport3.vmf project located in the Tutorial folder of the Visual MODFLOW
installation directory.

To continue with the run options,

®  [Run] from the Main Menu options

Section 10: MODFLOW Run Options

Prior to running the simulation, you may customize the default run-time settings for
MODFLOW, MODPATH and MT3D. The Run section a so alows you to setup the parameter
estimation (PEST) simulation.

The MODFLOW Run-Time options allow you to customize the default settings for various
MODFLOW settings including:

» Time-steps in each Stress Period (activated only when transient flow is simulated)
* Initial Heads estimate

* Solver selection and settings

* Recharge settings

* Layers types

* Dry cell Rewetting settings

* Anisotropy settings

» Output Control setting

MODFLOW Solver Options

First you will examine the Solver options for MODFLOW.
&  MODFLOW-2000/Solver from the top menu bar

The default solver isthe WHS Solver, aproprietary solver developed by Waterloo
Hydrogeologic Inc. To select a different solver, simply click the radio button next to the
acronym of the desired solver and the associated solver parameters will be displayed.

~ Visual MODFLOW now supports the new GMG and SAMG solvers. These solvers have been
{NEW: demonstrated to be from 3 to 11 time faster than the traditional PCG solver for mediumsize
7" models, and much faster still for large models containing 1 million or more grid cells.

For this example, the WHS Solver will be used to calculate the flow solution.
& [OK] to accept the WHS Solver
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Dry Cell Wetting Options

During flow simulationsit is common for cells to become dry when the water table drops
below the bottom of the grid cell. The dry cell thus becomes inactive and will NOT be ableto
‘re-wet’ unlessthe cell wetting option is activated. By default, the cell wetting option is not
active when anew model is created. Therefore, the cell wetting option must be manually
activated asfollows:

&  MODFLOW 2000/ Rewetting
The Dry Cell Wetting Options window will appear.
& M Activate cell wetting

The remaining default settings for the Dry Cell
Wetting Options (as shown in the figure on the right)
arefinefor this model.

Dry Cell Wetting Options

i Cell wetting option

‘wetting threshol

‘Wetting interval [METIT] l1 iterations

—Wetting method

Note the addition of two non-standard options at the
bottom of this window. In instances where you are

using a parameter estimation program like WinPEST, & From below (WETDRY < 0)
the automated parameter adjustments that take place € From sides and below (WETDRY > 0]
during the iterations may cause dry cellsto occur ~wietting head

i+ Calculated from neighbours IHDWET = 0]

where observations are encountered. Typicaly, this
~ Calculated from threshald (IHDWET > 0)

will confuse the parameter estimation program because _
MODFLOW assigns a calculated head value of 1e-30 goenab

for the dry cell. However, Visual MODFLOW gives { L e ‘
you the option to assign the head value for dry cells as

I™ Keep minimum saturated thickness for the bottom layer:

the cell bottom elevation. -

Visual MODFLOW also gives you the option to

prevent dry cellsfrom occurring on the bottom layer of K | concel
the model.

@ [OK] to accept the remaining Cell wetting
options

There are several other MODFLOW run options available for flow simulations. Feel freeto
investigate the options that were not mentioned in this tutorial.

Section 11: MT3DM S Run Options

This section will guide you through the selection of the advection method, solver settings, and
output times that you will use to obtain the solution and results for the contaminant transport
model.

MT3DMS Solver Settings

& MT3DMS/Solution Method from the top menu bar

A Solution Method window will appear, as shown in the following figure.
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In the Solution Method dialogue, Advection term frame,

Ed
you will be using the Upstream Finite Difference solution 2" :
method with the Generalized Conjugate Gradient (GCG) budvectn B
solver. The Upstream Finite Difference method provides a DIU;D"dSM L) [
stable solution to the contaminant transport model in a Lo
relatively short period of time. The GCG solver uses an SR
implicit approach to solving thefinite difference equations, =i
and is usually much faster than the explicit solution L
method. MIHE:;:::::; lzm— fraction of cell thickness
Click the E‘ button in the Advection term frame, and o el

select Upstream Finite Difference
To select the GCG Solver
& M Implicit GCG Solver

& [GCG Options]

The Implicit GCG Solver Settings window will appear, as shown in the following figure:

Though the Upstream Finite Difference method and the
Implicit GCG Solver are computationally efficient, the tutorial
simulation tracks contaminant transport over a 20 year period.
In order to speed up the modeling process, you will use a non-
linear time step.

Type the following information in the fields at the bottom of
the window.

Multiplier: 1.1
Maximum transport step size: 200
[OK]

Thiswill return you to the Solution Method window.

&

Type the following values for the Minimum Saturated
Thickness and Courant Number:

Min. sat. thickness: 1E-2
Cournat number: 7.5E-1

“ [OK]

MT3DM S Output Times

Implicit GCG Solver Settings

[¥ Translate Implicit GCG Sokver Package

Mazimum number of outer iterations: |1
M aimum number of inner iteratiors: |5U

i~ Preconditioner
&) Jacobi

£ 550R

Relaxation factor: |1

™ Modified Incomplete Chalesky

rDispersion tensar cross terms:
% Lumnp all dizpersion cross terms to the right hand side

= Include full dispersion tensor [memory intensive]

Relative convergence criterion IU.UUU1
Concentiation change printing inter+al IU—

Time Step Control when Implicit Solver used
Initial step size (DTO): |0

tultiplier: {1.1
M awimum transport step size: IEDD day

day

0K | LCancel |

Next, you will define the output times at which you would like to see the contaminant

transport modeling results.

& MT3DMS/Output/Time steps from the top menu bar
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An Output & Time Step Control window will

appear. The default setting for MT3D output o ,
. . Max B lanspot Steps [10000 D“T:;J]'me[ !
control isto save only one set of concentration ot
datavalues at the End of simulation only. For e
this tutorial you will define Specified times at € Endof simston ol
which you would like to see the simulation e e
results. & Specitied times [day(s) sl
Fill in and check off the following: [ioas i
Simulation time: 7300 days i -

Max # of transport steps: 10000
&  © Specified times [days(s)]
In the Output Time(s) list, Type the following values:

730
1460
2190 J
2920 J
3650
5475
7300

@ [OK] to accept these Output & Time Step Control parameters

This concludes the MT3D run options section of the tutorial. There are many other run
settings that have not been covered in thistutorial. Fell free to investigate some of the other
options available.

Section 12: Running the Simulation

To run your simulation,
& Run from the top menu bar

An Engines to Run window will appear listing the available numeric engines (as shown in
the figure below).

Although the flow model will solve relatively quickly, the contaminant transport simulation
will take between 1 and 5 minutes to run to completion depending on the processor speed and
amount of RAM on your computer.

If you are using this tutorial for introductory training purposes, you can choose to either run
the simulation for the model you have created, or you can continue with this tutorial, without
running the model. If you do not have time to run the simulation, the Output data files are
provided with the example projects.

To continue with this tutorial without running the model, press [Cancel] and select the [F10 -
Main Menu] button from the bottom toolbar and then proceed from Module IV - Output
Visualization on page 50.

To run the simulation follow the instructions below.
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In the Engines to Run window, select the following options.

| Engine | Fun |

& [ MODFLOW-2000 | | MODFLOW 2000 II_V_
|| MODFATH

@ ¥ MODPATH z: Zoneludodt E
B FesT

& M MT3DMS

@ [Translate & Run] Translate & Aun

Translate
Visual MODFLOW will then Translate the Visual MODFLOW data set t
into the standard datainput filesrequired for the sel ected numeric engines,
and then Run the simulationsin a separate window labelled VM Engines.

Run
LCancel

Advanced »>

When the engines are finished running, click [Close] to close the VM e
Engines window. -

MODULE IV: Output Visualization

In this module, you will be visualizing results from your model. If you did not run the
Numeric Engines, open the Airport4.vmf project located in the Tutorial folder of the Visual
MODFLOW installation directory.

& Qutput from the top menu bar of the Main Menu

You will be transferred to the Visual MODFLOW Output section where you can visualize,
print, and export the simulation results. This Module provides instructions on displaying,
interpreting, customizing, and printing the groundwater flow, pathline, and contaminant
transport modeling results using a variety of mapping and graphing presentation formats
including:

» Maps: Contour lines, color maps, pathlines, velocity vectors, calibration bubble plots
» Graphs: Calibration scatter graphs, calibration frequency histograms, time series
graphs, mass bal ance graphs, and zone budget graphs

Upon entering the Output section, Visual MODFLOW will automatically load the available
Output filesfor Head (.HDS), and Drawdown (.DDN) for all output times. Once these data
files are loaded, the Output screen will appear.

Thefirst time the Output section is opened, Visual MODFLOW will display the site map and
the head contours for the current layer, row or column (see figure below). When the Output
display settings are modified, Visual MODFLOW will always recall the most recent Output
display settings.

If the Airphoto map shows up in the output, you may disable it using the Overlays dialogue.
Your Output window should now appear as follows:
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Section 13: Head Contours

By default, the contouring algorithm will automatically choose contour settings where the
minimum, maximum, and interval values are “attractive’. However, if you do not like the

default contour interval or line color, you can customize the contour map settings. To access
the contouring options for Head Equipotentials:

@ [Options] from the left toolbar
The C(O) - Head Equipotentials window will appear.

C[D) - Head Equipotentials
Contours | Color Shading I

¥ Automatic reset min, max and interval values
~Contour Lines———————————

[V Autamatic contour levels
Minirum;: 155 T
I Custom contour levels
Mairum: 195 T
Interval:  |0.25 m
Color I Navy 'I
=
“width 15
 Contour Labels
¥ Visible
4 4
Decimals: |2 j —I
Size: & j + pdd [ Daletdrd Inser|
T =
sl | Contouring rezolution/Speed
Highest/Slowest d
Beset Apply | oK | Cancel |

Type the following values:
Interval: 0.25

Decimals: 2

You can aso change the contouring speed and resolution by clicking on the pull-down menu

labelled Contouring resolution/Speed. For this exercise, the default setting of Highest/
Slowest isfine.
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& [OK] to accept these settings
The contour map of the equipotentia heads should appear as follows:

®. 2380.5

Output Time -1.00000 (day) Stiess period - 1 Time step - 1

All Output contour display screens have additional contour display options available by
Right-Clicking on the model domain. Thiswill bring up a shortcut menu with optionsto add,
delete, and move contour lines and |abels.

Adding Contour Lines
To add some contour lines at selected locations:

Add contour(z]

Delete contour(z]

Right-Click on the model domain Delete all custam

el labels)
%= Add contour(s) Delete labelfs)

Move labellz)

L eft-Click the mouse pointer anywhere in the model domain to add a contour
line for the head value at that location.

Any number of contour lines can be added throughout the model domain by clicking on the
desired contour line locations.

When you are finished adding contour lines, Right-Click to exit the Add Contour mode.
Moving Contour Labels
Next you will move contour line labels.
Right-Click on the model domain
@ Move label(s)

Move the mouse pointer to the location of any contour label and then Click-and-Drag the
label to anew location on that contour line.

When you are finished moving contour labels, Right-Click to exit the Move Label mode.
Next, take alook at the site in cross-section.

Select the [View Column] button from the | eft toolbar and move the mouse into the model
domain. Choose a column near the middle of the model domain by clicking the left mouse
button.
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Notice that the minimum, maximum, and interval values for the contour lines are reset each
time you change the view, but the custom contour values remain. The minimum, maximum,
and interval values are reset to ensure that contour lines are optimized for al datain the
current row, column, or layer. However, this reset option can be de-activated in the contour
options window if you want to maintain the same maximum, minimum, and interval values
for all views.

Deleting Custom Contours
To remove the custom contours,
Right-Click on the model domain

& Delete all custom

Displaying a Color Map of Heads
Return to the layer view display of the model

& [View Layer] button from the left toolbar
Click on Layer 1 in the model cross-section.

A contour map of the headsin Layer 1 will be displayed. To display a color map of the head
valuesin Layer 1.

@ [Options] button from the left-hand tool bar

A C(O) - Head Equipotentials contour options window will appear.

C[D] - Head Equipotentials

Contours  Color Shading

i ———————————
’VMinimum: I‘I 5.5 m ’7

™ Lower Lewel ID m
I\da:n:imum:lw-5 ] ™ Upper Level ID m
—Ranges to colo

Tranzparency: IBD E L

win P55 [N
o [
 [EZEE
» [BEGE

ver B 55—

Beset | Apply | Qg | Lancel

@ Color Shading tab.

The contour options window should appear as shown below.
& M UseColor Shading
& [OK] to accept these settings

A colormap of the head equipotentialsfor the top layer of the model will be plotted according
to the default color scale selected. In the figure below, note that the color map is semi-
transparent in order to show the underlying model features.
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Before you proceed with this exercise, you should turn-off the color shading option to avoid
the long screen refresh times required to redraw the colormap.

@ [Options] from the |€eft toolbar
& [Reset] to re-establish the default contour line settings
Click on the Color Shading tab.
% Remove the checkmark v'from the checkbox [ beside Use Color Shading
= [OK]

~ InVisual MODFLOW the drawing tools and algorithms used to render the color shaded
a_I\IEW} contour maps of distributed data have been upgraded to include rich RGB color schemes, and
" toallow for color map transparency in order to see underlying model features. The color
schemes remain the same, however, the colors themselves are much more vibrant, and the
transition between colorsis much smoother.

Section 14: Velocity Vectors
Velocity vectors are an excellent way to visualize the speed and direction of awater particle
as it moves through the flow field. To use this tool:
& Maps/Velocities from the top menu bar to view the velocity vectors

The velocity vectors will be plotted according to the default settings that plot the vectorsin
relative sizes according to the magnitude of the flow velocity.
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By default the color scheme for the velocity vectorsis: red is outward (i.e. up when
viewing by layer), blueisinward (i.e. down when viewing by layer), and green is
paralel to the plane (i.e. horizontal when viewing by layer).

The velocity vectors can also be displayed as directional arrows independent of velocity
magnitude.

& [Direction] from the left toolbar

All of the arrows will then be plotted as the same size, and simply act as flow direction
arrows.

& [Options] from the left menu
Now increase the number of vectors displayed.

Type: Vectors:40 (this specifies the number of velocity vectors along a single row)

& M Autoscale (automatically adjusts the size of the velocity vectors)
& @ Vvariable Scale (prevents overlapping of velocity vectors)
& [OK] to accept the new velocity vector settings

To see the sitein cross-section, select the [View Column] button from the left tool bar, and
then move the mouse into the model domain and click once to select any column.

& [Projection] from the left toolbar

To show the different hydraulic conductivity zones, select the [F9 - Overlay] button from the
bottom menu bar. An Overlay Control window will appear with alisting of all the available
overlays that you may turn on or off.

@ Qverlay List Filter, and use theE‘ button to select Properties
Uncheck List only visible overlays
& M Prop(F) - Conductivities

& [OK] to show the cross-section with the hydraulic conductivity layers
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The display should look similar to the following figure (col. 30).

: ¥isual MODFLOW ODNT\Tutorial\Airport.vmf ]

Return to the plan view display of the model by selecting the [View Layer] button from the
|eft toolbar and then clicking on Layer 1 in the model cross-section.

Section 15: Pathlines

Recall that in the Input section we assigned five forward tracking particles near the Refueling
Area. The MODPATH program tracks the flowpaths of these particles as they travel through
the groundwater system. To view the fate of these particles:

& Maps/Pathlines from the top menu bar

The default screen display will plot al of the pathlines as projections from the current layer of
the model (as shown below).
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To remove the vel ocity vectors from the Output display, select the [F9 - Overlay] button from
the bottom menu bar and select the M Show only visible overlays option. The Overlay List
will now include only the overlays currently being displayed.

Scan down the listing (towards the middle) and deselect Vel - Vectors.
@ [OK] to remove the velocity vectors from the Output display

To show the pathlines in the current layer only, select the [Segments] button from the left
toolbar. Thiswill show only the pathlines that are in the active layer of the model.

Use the [Next] layer button from the left toolbar to advance through each layer of the model
to see where the particle pathlines are located.
& [Projections] to see all pathlines again.

Note that the pathlines have direction arrows on them indicating the flow direction. These
arrows also serve as time markers to determine the length of time before a particle reaches a
certain destination. To determine the time interval for each time marker, select the [Options]
button from the | eft toolbar, and a Pathline Option window will appear as shown below:
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In some instances, you may want to see how far a contaminant might travel in a given amount
of time. For instance, to see how far the particles would travel in 7,300 days;

& @ Travel Time and Type avalue of 7300
The Time markers should already be selected as M Visible.

& @ Regular Every and Type avalue of 730 in the day field

& [OK] to view the time-related pathlines up to atime of 7,300 days
Notice that none of the particles reach the water supply wells after 20 years.

Now view the pathlinesin cross-section to see a projection view of the pathlines asthey travel
through the different layers of the model.

@ [View Column] from the left toolbar

Move the cursor across the screen until the highlight bar isin the vicinity of the zone of
discontinuous aquitard and click on it.

The cross-sectional view clearly showsall of the pathlinestravelling horizontally in the upper
aquifer, and then vertically downwards to the lower aguifer through the ‘hole’ in the aquitard.

Return to the plan view display of the model by selecting the [View Layer] button from the
|eft toolbar, and then clicking on Layer 1 in the model cross-section.

Section 16;: Concentration Contours

In this section you will learn how to display your contaminant transport simulation results.
& Maps/Contouring/Concentration from the top menu bar

The concentration contours will be plotted for the first transport output time (in this case the
first transport output time is 730 days).

At this early time in the simulation, the contaminant plume does not appear to have migrated
far from the Refuelling Area. However, this appearance is somewhat misleading because the

concentration contours are plotted using a normal scale automatically selected by Visua
MODFLOW.

Section 16: Concentration Contours 58



A more effective (and common) method of plotting
concentration contours is to plot the contour lines at et

¥ Automatic reset min, max and interval values

|Ogar|thm| C Intervals (e.g 0.01, O.l, 1.0, 10, 100, etC.). rContour Lines 1 [~ aupomatic contur levels
o e T ¥ Custom contour levels

& [Options] button from the left-hand toolbar. M 1500 ot |1
Interval IMD— mg/L 100

A Contour Options window for C(O) - JP-4 will = h!_“j:l T
appear, as shown in the figure to the right: ‘ 5

 Contour Labels

Notice that the minimum concentration value is-100. 'D_ ‘_"S'T‘E —
Obvioudly, a negative concentration value is not = i ey
possible in a natural environment. This negative L

Contouring rezolution/Speed
Highy/Slow

concentration value is aresult of numerical dispersion
encountered during the solution of the contaminant
transport simulation. Bese Aot o Cocel

& [ Automatic contour levels (to remove
the automatic contour line)

& [ Custom contour levels
Type the following custom contour levelsin the text boxes provided:

104
100
500/
10004
4000

Although thisis not a strict logarithmic scale, it does provide a much better representation of
the concentration contours.

Next you will increase the drawing speed of the concentration contour lines by changing the
Contouring resolution/speed setting from Highest/Slowest to High/Slow.

Finally, you will turn the color shading option on to display a color map of the concentrations.
@ Color Shading tab.

The Color Shading options will appear, as shown in the

- . C(0) - IP-4
figure to the right: Contous. Clr S |
[¥ Use Color $hading
. Range of Valus Cut off Level
& M Use Color shading Meioams 100t | LowerLovell05———moit
) Masimm [0 mal| | Upperlevel[T | mat
In the Cutoff Levels section, e
Transparency: [30 EF
& M Lower Level: 10 o #0
i il felin’ I [
The Lower Level settl ng will “clip’ the color map at 10 rm-
mg/L (all concentration values below 10 mg/L will not - m-
; nl R
be shown on the color map). The Lower level setting of e
10 mg/L isan action level. If the contamination will be vor = [0 [
present in the lower aquifer at avalue equal to or greater = e
. Hesel Spply il Lancel
than 10 mg/L, then some action must be performed to

remediate the situation.

The Ranges to color section lists the range of concentration values for the current Output
times. In the Ranges to Color section Type the following:

Min: 0.0
Max: 4000
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“  [OK]

A maximum concentration value of 4000 was used because this represents the upper limit of
the calculated concentrations for the entire simulation time (not just the first Output time of

730 days).

Note that the Concentration Contour Map and Color Map appear transparent in order to show
the underlying model features and to display multiple images simultaneously. The reason is
that in Visual MODFLOW the drawing tools and algorithms used to render the color shaded
contour maps of distribution data have been upgraded to include rich RGB color schemes.
However, you may want to modify the default Overlay priority.

& [F9 - Overlay] from the bottom menu bar

The List only the visible overlays option is still
selected, so the Overlay List will include only the
Overlays currently being displayed.

@&  (® User Defined

Scan down thelisting (towards the middle) and find C(O)
- Head Equipotentials.

Click on the left-most column (where the black triangle
appearsin the figure to the right) next to C(O) - Head
Equipotentials to highlight thisrow completely in black,
then click the [Up Arrow] button until it is moved above
the C(O) - JP-4 Overlay (make sure the C(O) - Head
Equipotentials Overlay is till selected to be displayed).

Finally, you will remove the Pathlines Overlay from the
Output display.

&

“ [OK]

" Default Settings

Overlay List Filter

¥ List anly the: visible overlays

| Settings |

BLIF] - Wells

BCIF] - Inactive Flow
Prop(F) - Conductivities
Grid - Model Domain
Grid - Model Domain

IAI\ Available Overlays 'I
Selected | Owerlay Mame
- PT - Pathlines
I PT - Patticles
] ~ Map - &irport. Sitemap
I ~ Obs - Concentrations
Il Obs - Head
| & Gen - Dry Cells
| ~ Gen - Water Table in Cross-Section
| #. [C{l- Contour Lahels
[¥| i C(0)- Head Equipatentials
[+ C0)-JP-4
Il ~
~
&
Il &
m ™

[ Sort Alphabetically

Delete Spply | 0K |

i | ]

LCancel |

O PT - Pathlines to disable the Pathlines Overlay

The Output display should look similar to the following figure.
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Place the cursor on the display results, you will see the currently selected Time: 730 daysis
reported in the Status Bar (at the bottom of the window).

To see the Concentration Color Map and Contour Map for other Output times.
& [Time] from the left toolbar

A Select Output Time window will appear with alist of the available Output times.
@ 1460
< [OK]

A plot of concentration contours will appear displaying the results from an Output time of
1460 days. You can advance to the next time step by clicking the [Next] button beside the
[Time] button in the left-hand tool bar.

By 3650 and 7300 days, the concentrations in the first layer of the model should look similar
to the following figures:
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After 3650 days (10 years) of ssimulation timeit is clear that the plume has migrated to the
‘hole’ in the aquitard.
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To see how the plume looks in cross-section,
% [View Column]

Move the mouse pointer into the model domain and then click on a column passing through
the plume.

The cross-section view of the plume should look similar to the following figure.
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This figure shown the plume has migrated into the lower aquifer at a concentration above the
action level and will eventually threaten the pumping wells. To see the plume in the lower
aquifer,

% [View Layer]
Move the mouse pointer into the cross-section view and click on Layer 3.
The display should now look similar to the following figure.
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~ The exporting capabilities of Visual MODFLOW have been greatly expanded, providing a
:_I\IEW_} full suite of common graphical image and GISformats (including Tecplot .DAT, ESRI .SHP,
77 AutoCAD .DXF, .GIF, .JPG, .TIF, .PNG, and .BMP) with options for increasing image
resolution and controlling image quality of graphics image files. These high-resolution

images can either be exported to a separate graphics file for manipulation with third-party
editing software, or inserted directly into a report document.

Section 17: Concentration vs. Time Graphs

In this section you will learn how to compare the observed concentration data to the
concentration values calculated by the model.

@ Graphs/Time Series/Concentration from the |eft toolbar

You will then be presented with the graph for Concentration vs. Time, enabling you to view
the breakthrough curves at each of your concentration observation wells.

& A.All from the Groups box on the left side of the window

< [Apply]

You should now be viewing the breakthrough curves for each of the three concentration
observation wells defined earlier in the model (see following figure).
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This time-series graph shows the cal culated result using aline-and-point data series while the
observation data is displayed only as data point symbols. The observation data point symbols
are the same color and shape as the calculated values, but the observation data point symbols
are dlightly larger to make it easier to distinguish them.

This graph can also be presented using a log-scale for the concentrations.
Right-Click on the graph to see a popup menu

% Properties

A Properties window will appear with a comprehensive selection of settings for customizing
the appearance and settings for the graph.
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Under the Y-axis section,
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The Concentration vs. Time graph should appear as shown below.
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The comparison of the observed vs. calculated concentrations should now be easier to make
for the lower concentration values observed at OW?2 and OW3.

This graph can be printed, saved to a.BMP, WMF, .EMF, .DXF, .JPG, .TIF, .GIF, or .PNG
format file, or the data can be exported to an ASCII .TXT file, using the File options from the
top menu bar.

& File>Exit to close the graph window

Visual MODFLOW now allows you to export virtually any model property values, and
simulation results, to a variety of ASCII and binary data formats including ASCII (.TXT)
consisting of four or more columns containing X, Y, and Z co-ordinates for each cell, NRx NC
array of values, or SURFER Grid (ASCII or Binary) (.GRD) with a user-defined grid density,
for one or more selected model parameters. Cell co-ordinates can be in either world co-
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ordinates, model co-ordinates, or 1JK cell indexes. Data can be exported with multiple layers
inasinglefile, or as separate files for each selected layer. Some averaging of parameter
values occurs where the model grid differs fromthe Surfer grid, and inactive or dry cell
values can be excluded from the exported data if desired.

ModuleV: Visual MODFLOW 3D-Explorer

Visual MODFLOW 3D-Explorer is an advanced 3D visualization system for displaying and
animating Visual MODFL OW models. Visual MODFLOW 3D-Explorer uses state-of -the-art
3D graphics technology to display your model data and simulation results using a complete
selection of graphical formats including:

» 2D and 3D views of the model grid

 Colored shapesfor each grid cell

» Bitmap overlays draped over surfaces

» Enhanced contour label positioning and controls

3D volumetric shapes for representing model property zones, boundary conditions,
and contamination plumes

» Output times synchronized to animate the combined transient flow and transport
results

» 3D cutaway views

» Multiple horizontal dices, vertical slices and irregular cross-sections for plotting
contour line maps and color maps of modeling results and model properties (heads,
concentrations, water table, conductivity values, etc.)

» Concentration plumes, automatically clipped above the water table surface

* Line elements for representing groundwater flow pathlines

* Light source position control

» Transparent objects

* Animation sequence pausing, looping and recording to an AVI file

» Auto-rotate tools to continuously rotate the model image around the X, Y, Z axes

» and much more

The following section will guide you through the process of using Visual MODFLOW 3D-
Explorer to display and animate a groundwater flow and mass transport model.

NOTE: 3D-Explorer is only available in the Pro and Premium versions.

Section 18: Starting Visual MODFL OW 3D-Explorer

Visual MODFLOW 3D-Explorer can be launched directly from Visual MODFLOW
environment, or as a“ stand alone” application. In thistutorial you will launch the 3D-
Explorer from Visual MODFLOW and visuaize the model Input and Output data from the
Airport4.vmf model.

The Visual MODFLOW project files for the Airport4 model are included in the
Visual MODFL OW working directory, in the Tutorial folder

The 3D-Explorer can be launched from either the Input or Output section of Visual
MODFLOW. For this example, you will launch the 3D-Explorer from the Output module.

& Qutput from the top menu bar of the Main Menu
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F2 The 3D-Explorer can now be launched by clicking the [F2-3D] icon located on the
& 3p bottom tool bar.

When 3D-Explorer islaunched directly from Visual MODFLOW, it will
automatically open the active Visual MODFLOW project data files, with the associated
sitemap overlays and the vertical exaggeration setting. The first view of the model isafull
domain view with the Visual MODFLOW project name at the top of the 3D Display window.
When the 3D Explorer window isfirst opened, it will appear as shown in the following figure.

The Model Tree Panel contains a structured listing of the data classes available for the
selected Visual MODFLOW project.

The Display Settings Panel controls the visual attributes for each display element.

The Navigation Panel controls the on-screen orientation and rotation of the 3D graphical
images, and the position of the light source.

These will be referred to frequently throughout the remainder of thistutorial.
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Navigation Panel

Section 19: Changing the Default Settings

The Default Settings are used to define your preferences for how selected objects are
initially displayed when a project is opened. If the Default Settings of the selected objects
are modified, the new settings may be saved and applied to al VMOD 3D-Explorer projects.
For instance, the Default Setting for background color is black. To change these default
settings,

& Default Settings inthe Model Tree panel
& Background inthe Display Settings panel

@& M Save configuration on close to save these settings for future 3D-Explorer
projects

< [Apply]
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Section 20: Using the Navigation Tools

The Navigation Panel allowsyou to Rotate the model around the X, Y, and Z axes, Shift the
display along the X, Y, and Z axes, and move the position of the Light source. For this

example, you will rotate the model around the X-axisin order to gain a 3D perspective view
of the model.

& Dragthe“X” Slider to the l€eft to rotate the top of the model “towards’ you (as
shown in the following figure)

& Dragthe“Y” Slider to the left to rotate the right-hand side of the model “towards”
you (as shown in the following figure)

&  Dragthe“Zz" Slider to the left to “level the model (as shown in the following

figure)
e i “y” Slider
laer
s AutoRotate Tools
| Rotate | Shift I Light F'nslhnnl Time I
AR L BT .@Iﬁ
R ] BT
2] = 2 Ootons |
AutoRotate
Rotate model around the screen axes. % = up/down; Y = left/ight; 2 = rock side to side

Your screen should now appear similar to the figure shown below.
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NOTE: If your Airphoto map is not displayed, you may need to modify your display settings
in Settings>Open GL.
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Section 21: Creating a 3D Contaminant Plume
Next, you will create a 3D volumetric representation of the contaminant plume located
beneath the Refueling Area by creating an isosurface for a selected concentration value.
The Airphoto sitemap obscures the view of the model below it. To remove the map from view
& [ Site maps intheModel Tree
% m Airport.AirPhoto.BMP
< [ Visible
Now the model domain s clearly visible.
@ @ OutputintheMode Tree

Thiswill expand the Output branch and you will see alisting of the available Output data
categories.

@ @ Concentrations
Thiswill again expand the tree to include alisting of the 581 Dutput

available concentration species. The Airport4 model only N
simulated a single contaminant species with no degradation

Concentrations

reactions, so there will only be asingle entry (JP-4) under the T
Concentrations branch of the Output tree. o

Create color field

& JP-4tohighlight it

& Right-Click on JP-4 to see a popup list of display elements (as shown in the figure
above)

& Create isosurface

AnIsosurfaces properties window will appear, as shown in the following figure:

E Isosurface properties [_ (O]

lzosurface namellsosurface [0.5 mgrL)

Mirirnurn value fﬂ M awirum value iﬁzns

Izosurface value ID.5 |sasurace colarn

¥ Show borders ¥ Color from palette

¥ Colormap on cut-away

Cancel |

Thiswindow allows you to specify the concentration value, and the visua attributes for the
isosurface. Type the following information:

Isosurface name: Isosurface (0.5 mg/L)

Isosurface value: 0.5

& M Show borders

& M Colormap on cut-away
& M Color from palette

< [ Remove in cut-away
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“  [OK]

Your screen should now display an isosurface for a JP-4 concentration equal to 0.5 mg/L at
the first output time step of 730 days (see figure below).
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Notice that the concentration isosurface is clipped where the isosurface meets the water table.
3D-Explorer has built-in logic that removes concentration isosurfaces above the water table.

Customizing the Color Legend

To change the text color for the Color Legend,
& JP-4intheModel Tree to highlight it
% @ Color legend (inthe Display Settings panel)

The Concentration values on the Color Legend should now be visible, but the default color
scale should a so be modified to improve the appearance of the Color Legend.

To customize the values associated with each

E Palette
color 05 Value 1644.05

& JP-4inthe Model Treeto highlight
i E RO O NN

Yalue | COLOR . Fieset ! Change calar l
.
Palette [...] e =5"J
. . . 10
A Palette window will appear as shown in the 100 = 2| O]
figure on right. sy | o | oo |

By default, the color palette for each data type
is set to aseven color rainbow with equal value intervals between each color. This pal ette may
be customized to any number of colors and any value associated with each color.

Type the color values shown in the above figure.
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&  [OK] toaccept the new color palette

Selecting Output Times

To examine the same isosurface value at atime of 3650 days,
& JP-4 inthe Model Tree to highlight it

In the Navigation Tool Panel, click on the Time tab. The available output times for the JP-4
concentrations can be displayed by using the dlider button. These output times correspond to
the output times specified in the Visual MODFLOW model. To select a different output time:

& Click inthe Time valuefield and Type: 3650 J

The screen will now display the results of the 0.5 mg/L concentration isosurface at 3650 days,
and should appear similar to the figure shown below:

'\ 5 i g
F2lvMOD 3D-Explorer - [EA\¥MODNT! Tutorial Airport] B 1= x|
Fie Edi Yiew Options Settings Help

|1ZER 2L 580/ 8|  Eropeastionts [0 ‘ |
g
o|ps = Stay on top W
NEEHEDEE & s
£ Default Settings
=63 VMOD Project Airport
81 A
=83 Site maps
L.y Sitemap
L-B1 AitportAiPhato. BMP

2

2 Rotate | Shit | Light Postion Time

Time [day) [ Synchronize time steps: Options
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Change the madel ime for Synchionous mode and switch between Syne/Async modes

The Slider button can be used to view the isosurface for any of the available output times.

Section 22: Visualizing Model I nput Data

Visua MODFLOW 3D-Explorer also alowsyou to display the model input datain 3D
perspective.

“ @ Inputinthe Model Tree Panel

Thiswill expand the Input branch to display the available input data categories which can be
displayed using 3D-Explorer.
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Now you will display the different Conductivity zones in the model.

& @ Properties inthe Model Tree
% Conductivity
& M Visible inthe Display Settings

Your screen should now appear similar to the figure below:
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Notice that the concentration isosurface is now “hidden” by the hydraulic conductivity
regions. However, it is still possible to view the isosurface by changing the hydraulic

conductivity from solid to semi-transparent.

[ad

M Semitransparent in the Display Settings Panel

The isosurface should now be visible through the hydraulic conductivity zones. The semi-
transparent option is available for most input parameters, slices, and isosurfaces.
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Section 23: Defining Surfaces (Cross-Sections and Slices)

3D-Explorer allowsyou to plot Color Maps and Contour Maps for selected model parameters
on any horizontal, vertical, or cross-section surface through the model domain. However, first
you must define the locations and orientations of the planar surfaces. The following section
describes the process of creating a cross-section, and a horizontal slice, through the model
domain.

®  Options/Define slices from the top menu bar

The Select/create slices window will appear, as shown in the

figure on right. This window contains alist of all the horizontal, — |
vertical, and/or cross-section slices defined within the model =
domain. Currently, the list is blank because you have not yet
defined any dlices.

First, you will create a cross-section through the model.

@ [Cross-section] button

Skt | Lencel |

Thiswill open the Cross-section window, as shown below.

The default location for the cross-section is a horizontal straight line from the left side to the
right side of model domain. In this example you will modify the default cross-section line
such that it cuts along a path from the North Central region to the South Eastern region of the
model.
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In some 3D visualization packages, cross-sections are required to be straight lines through the
model domain. With 3D-Explorer, cross-sections can be defined along any polyline through
the model domain. These polylines are defined by a series of vertices. By default, the cross-
section starts with just two vertices (a straight line), but new vertices can be easily added by
Right-Clicking on the cross-section line at the desired location of the new vertex.

To modify the existing cross-section,
& Dragtheleft vertex to apoint just North of the Refueling Area
& Dragtheright vertex to the southeast corner of the model domain
& Right-click on the cross-section line and select Add vertex
A new vertex will appear on the line. This vertex can be dragged to any location on the map.
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& Drag the new vertex to alocation just southwest of the region where the aquitard
pinches out (as shown on the figure bel ow)

@ Right-click on the cross-section line again and select Add vertex

< Drag the new vertex to alocation between the second vertex, and the southeast
corner of the model, as shown on the figure below
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Once you have defined the cross-section line similar to the figure shown above,
& File/Close from the top toolbar

The cross-section (Cross-section no 1) you just defined now appears in the Select/create
slices window.

Next you will create a horizontal slice through the model domain.
%~ [Horizontal]

Thiswill display the Horizontal slice properties

Harizontal slice properties

window, as shown in the figure to the right: 2 pemm
- . " Fived on giid slices

The slider button can be used to move the horizontal  Horeortl el oy )| < o

sliceto any vertical location in the model domain. P L

& [Close] to accept the default values e | e |

ThisHorizontal Slice (Horizontal slice no 1) will also
now appear in the List of slices.

You can define as many different cross-sections, and horizontal and vertical slicesasyou like
throughout the model domain. These slices can be used to define cut-away regions, or to plot

Color Maps and Contour Maps of selected model properties and simulation results (e.g.
Conductivity values, heads, concentrations).

For this example you will only define these two dlices.
@  [Select] to close the Select/create slices window.

Section 24: Creating a Cut-Away View

Next you will create a cut-away view of the model.

& Options/Select cut-away from the top menu bar
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Thiswill open the Cut-away properties window, prompting you to select the surface you
would like to use to define the cut-away region. For this example you will select the cross-
section you defined earlier:

To select the cross-section,

& EI to open the Vertical cut-away slice pull-down menu, and select Cross-
section no. 1 (as shown below).

Cut-away Properties E
Horizontal cut-away slice
[ active I j
Wertical cut-away slice
I active IEross-section na 1 j

—Cutdiway type

" Cut-away before slice

V¥ Active cut-away

Cloze | Help |

@  © Cut-away after slice

% [Close]

The model display should appear similar to the figure below. Notice that the conductivity
zones are removed from the cut-away region, while the concentration isosurface remains.
Thisis possible because each displayed object hasit’s own “Remove from Cut-away” setting.
In the case of the concentration isosurface, you de-activated this option. Therefore, the
concentration isosurface is NOT removed in the cut-away region.
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This view of the model data can now be saved for easy retrieval at alater time.
& File/Save scene configuration from the top menu bar
The Save scene configuration window will appear, as shown below:

Using this window, the scene configuration can be saved with @ o me—rr———r
user defined name, and this configuration can berecalled every | pummeiee
time the same project is opened.

Type aConfiguration Name of Cutaway with plume at 3650
days.

“ [OK] S Y

If the most recently viewed scene configuration is saved using
the name “Default”, VMOD 3D-Explorer re-opens the project automatically with the
“Default” saved settings.

To examine the model view from different angles, the sliders on the Navigation Panel can be
used to rotate the view, or you can move and rotate the view as follows:

Right-Click anywhere in the model screen v shift
Rotate - Screen ¥ and
@ Rotate - Screen X and Y Rokate - Model % and ¥

With the left mouse button, click and drag anywhere in the model screen. Try to achieve
severa different views of the model and cut-away isosurface.

The AutoRotate tools located on the right-hand side of the Rotate tab may i E"E
be used to continuously rotate the model imagearoundthe X, Y, and Z axes. v~

By checking off one or more axes, then using the Play and Stop buttons, Z[w _Options
you can start and stop the rotation of the image. The Options button allows

you to change the speed of rotation

When you have finished rotating the model, return to the previously saved scene
configuration.
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& File/Load scene configuration from the top menu bar
Thiswill produce the Load scene configuration window:

%~ Cutaway with plume at 3650 days

< [OK]

Your screen will now be returned to the previously saved view.

Section 25: Creating a Color Map of Head Values

Next you will create a colormap of the calculated heads plotted on the previously defined
horizontal surface.

@ @ OutputintheModel Tree =61 Dutput
. - . - E - Create isosurface
@ Heads intheModel Treeto highlight it O D p——
£ Pa  Create contour map

Create color field

& Right-Click on Heads and select Create
color map from the popup menu.

The Select/create slices window will appear, prompting you to select one of the available
dlices where the color map will be plotted.

& Horizontal slice no. 1 to highlight it
& [Select]

A Color Map of the Heads distribution on the selected horizontal slice should now be visible.
However, it is not displayed in the cut-away region of the model.

To plot the Heads Colormap in the cut-away region of the mode!:
® @ Heads to expand the Heads branch
& Color map #1 under the Heads branch
< [ Clip in cut-away in the Display Settings Panel

The Heads Col ormap should now appear in the cut-away region of the model, as shown in the
following figure.
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HEUEEE| & felen

.-E1 Defaul Setlings
[=-E1 ¥MOD Project Airport
[ =
-1 Site maps
© @ Siemap
LBy Aiport AiPhoto BMF
-1 Input
=B Output
E-C1 Heads
{ @ DyCek
| BE Wale lable
.- Colormap #1
€1 Drawdawns
-6 Concentrations

==L
£y Pathines
Setting Yalue |
Hame Color map #1
Wisible 2
P Clip in cut-away m|
lip above water table v
. vahae 190
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e limi 130
ower it 123748
lip at limits |
[
'alette
= Rotate| shit | Light Postion Tine
i e B et e et e o Ui ) ¥ Syncheonize tme steps_ Optors_|
oul portion of the model | J 0|

[ Live Update Apply

Change the model fime for Synchronous mode and switch between Sync/Async modes

Customizing the Color Legend

Asyou may notice, there are now two Color Legends appearing on the screen. These Color

Legends can be moved to any location in the 3D Display window to enhance the appearance
of the image.

To move the Heads Color Legend, click-and-drag the legend to the right-hand side of the
Display Area.

Adding a New Color

To modify the color palette for the Heads Color Map,
& Heads to highlight this data type (under the Output data type)
& Pallete [...] button in the Display Settings Panel

The Palette window appears. Ppaice 5]
Change the default color Value settingsto 12, 13, 14, | U
15, 16, 17, and 19. i L ﬁ ﬁ ﬁ i f {
@  Click intheValue field on 17 .
& [Add] button (to add another color value) -
LCancel

A new color will be added to the palette for a Value of
18.

The Palette window will appear as shown in the figure on the right.
“ [OK]
The Heads Colormap legend should appear similar to that shown in the following figure:
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Section 26: Printing to a GraphicsFile

At thispoint it may be desirable to generate a hardcopy print of the 3D model image to
includein areport.

& File/Print from the top menu bar

A high-resolution bitmap image will be created of the on-screen image, and displayed in an
Image editor window as shown in the following figure.

The Image editor window is used to preview the image that will be printed, and to add text,
lines, shapes, and titles to the image.

—— Thelmage editor window can also be used to customize the Page setup to include a
detailed description of the image, acompany logo, and a project name.

2 Image editor

(=] B3
File Edit View Help
Baie|nmpleias &l |

p

Arportd
o v Time(clay) 3650.5

EEEOEDEEE

Once the image and Page setup are compl eted,

& File/Print from the top menu bar of the Image editor window.
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. Previous versions of Visual MODFLOW offered limited options for customizing the print
-__I\ll-:w_': layout, and a limited amount of space for description of the image being printed. Visual
77" MODFLOW includes a more flexible page layout designer for adding image descriptions,
project descriptions, and a company logo.

Alternately, the image can be saved to a graphics filein bitmap (.BMP), Windows Metafile
(\WMF), Enhanced Windows Metafile (EMF), .JPG, .TIF, .GIF, or .PNG file formats.

@ File/Save as graphics file... from the top menu bar of the Image editor
window

A Save to file window will appear where you can select the file type and specify thefile
name and location.

& File>Exit to close 3D Explorer.

This concludes the step-by-step Demo tutorial for Visual MODFLOW and Visual
MODFL OW 3D-Explorer.
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Section 26: Printing to a Graphics File
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