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INTRODUCTION

ABOUT VISUAL MODFLOW STUDENT VERSION

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 MODFLOW, MODPATH, and MT3D with the most intuitive
and powerful graphical interface available. The innovative menu structure allows you to easily
dimension the model domain and select units, conveniently assign model properties and
boundary conditions, run model simulations (MODFLOW, MODPATH and MT3D), calibrate
the model, and visualise the results with line contours or color shading. The model grid, input
parameters and results can be visualized in cross-section or plan view at any time during the
development of the model or while displaying the results. For complete three-dimensional
groundwater flow and contaminant transport modeling, Visual MODFLOW is the only software
package you will need.

Visual MODFLOW wasfirst released in August of 1994 and has quickly become the standard
modeling environment for more than 3000 users at consulting firms, educational institutions, and
government agencies worldwide. It is used by the United States Geological Survey (USGS), the
United States Environmental Protection Agency (USEPA) and is the featured model in many
continuing education courses including:

The NGWA's Visual MODFLOW Short Course;

The NGWA's IBM-PC Applicationsin Risk Assessment, Remediation and Modeling;

The Princeton Remediation Course;

The University of Bradford Visual MODFLOW Course in West Y orkshire, U.K.;

Applied 3-D Groundwater Modeling (Angewandte 3D Grundwassermodellierung) in Koln,
Germany.

Visual MODFLOW Student Version isafully functional version that includes all the flexibility
and utilities of the Professional Version. The Student Version limits the user to:

40 rows by 40 columns and 3 layers;
3 property zones; and
2 pumping wells
If the functionality of Visual MODFLOW Student Version does not meet the needs of your

specific application, please contact Waterloo Hydrogeologic, Inc. to inquire about purchasing a
Professional Version.

TERMS AND CONDITIONS OF USE

Visua MODFLOW Student Version can be installed on any number of computers and can be
applied by any number of users at licensed educational institutions. This version of Visual
MODFLOW isto be used exclusively for educational purposes and is not to be used for any type
of professional consulting application or sold for proprietary gain.
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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. The interface is divided into three separate
modules, the Input Module, the Run Module, and the Output Module. When you open or create a
file, you will be able to seamlessly switch between these modules to build or modify the model
input parameters, run the simulations, calibrate the model, and display results (in plan view or
full-screen cross-section).

The Input Module allows the user to graphically assign al of the necessary input parameters for
building a three-dimensional groundwater flow and contaminant transport model. The input
menus represent the basic "model building blocks" for assembling a data set for MODFLOW,
MODPATH, and MT3D. These menus are displayed in the logical order to guide the modeller
through the steps necessary to design a groundwater flow and contaminant transport model.

The Run Module allows the user to modify the various MODFLOW, MODPATH, and MT3D
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 selections has default settings, which are capable of running most
simulations.

The Output Module alows the user to display all of the modeling and calibration results for
MODFLOW, MODPATH, and MT3D. The output menus alow you to select, customize, and
overlay the various display options for presenting the modeling results.

SUGGESTED REFERENCE BOOKS

A list of books that may useful for hydrogeology theory and applications are listed below. The
full bibliographic references are included in the Bibliography Section.

Applied Ground Water Modeling: simulation of Flow and Advective Transport, Anderson,
M.D. and W.W. Woessner, 1992.

Physical and Chemica Hydrogeology, Domenico, P.A. and F.W Schwartz, 1990.
Applied Hydrogeology; 3" edition, Fetter, C.W. Jr., 1994.

Practical Applications of Groundwater Models, National Ground Water Association,
published Biannually.

ASTM Standard on Analysis of Hydrologic Parameters and Ground Water Modeling,
ASTM, 1996.

HOW TO CONTACT WATERLOO HYDROGEOLOGIC INC.

If you would like to contact Waterloo Hydrogeologic Inc. to purchase the professional version of
this software, please contact us at the address below:
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Waterloo Hydrogeologic Inc.

180 Columbia Street West - Unit 1104
Waterloo, Ontario, CANADA
N2L 3L3
Phone (519) 746 1798
Fax  (519) 885 5262
Email: Info@flowpath.com
Web: www.flowpath.com

OTHER PRODUCTS BY WHI

FLOWPATH

The most complete two dimensional, steady-state, groundwater flow and pathline model. It
computes hydraulic heads, pathlines, travel times, velocities and water balances (verified against
the USGS MODFLOW, approved by the US EPA, and recommended by the IGWMZC).

FLONET/TRANS

A powerful yet easy-to-use two dimensional, steady-state groundwater flow and transient
contaminant transport model. Calculates and displays equipotential distribution, streamlines,
flow nets, velocity vectors, and temporal graphs of concentration at multiple observation points.

AIRFLOW/SVE

The only comprehensive soil-vapour extraction model to simulate the coupled process of soil-
vapour flow and multi-component vapour transport in the unsaturated zone.

PRINCE

A compilation of the 10 Princeton Analytical Models which include 7 mass transport models
(one-, two-, and three-dimensional) and 3 two-dimensional flow models.

AquiferTest

An easy-to-use, graphically oriented package for estimating transmissivity, hydraulic
conductivity and storage properties for avariety of aquifer types. The program contains
analytical solutions for pumping and slug test for confined, unconfined, and leaky confined
aquifers.

Visual Groundwater

The first software package to combine state-of-the-art graphical technology for 3-D visualization
and animation capabilities with an easy-to-use graphical interface designed specifically for
environmental project applications.

We are continually developing additional models with interfaces comparable to Visua
MODFLOW. For more information please contact us.
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WATERLOO HYDROGEOLOGIC INC. TRAINING AND CONSULTING

Waterloo Hydrogeologic Inc. offersindividually tailored training courses in the use and
application of all software products. Our modeling courses emphasize practical applications, the
interpretation of results (calibration, prediction, etc.), and extensive hands on coverage of the
mechanics of using our groundwater models. Courses can be arranged by contacting Waterloo
Hydrogeologic Inc.

Waterloo Hydrogeologic Inc. also offers expert consulting services and reviewing service for al
numerical modeling problems concerning groundwater flow and mass transport. For further
information please contact us.

HARDWARE REQUIREMENTS

To run Visual MODFLOW you will need the following minimum system configuration:

486 DX or Pentium computer

8 Mbytes of RAM (in excess of the operating system requirements), with approximately 400
Kbytes free in lower memory;

A high-density (1.44 Mbytes), 3 1/2" floppy drive for software installation;

A hard drive, with at least 40 Mbytes free;

A VGA graphics card and a suitable monitor;

A Microsoft or compatible mouse;

Dos 5.0 or higher, Windows 3.x, Windows 95, or Windows NT depending on the version of
Visual MODFLOW.

The following options make the use of Visual MODFLOW more convenient or efficient,
however they are not required:

A printer with graphics capabilities;

More than 8 Mbytes of RAM (in excess of the operating system requirements).

If you have any problems with your particular system configuration, please make sure that you
followed the installation instructions precisely (see below in Installing Visual MODFLOW). If
the problem is till unresolved, see Setup or Trouble Shooting, and contact your hardware
experts. Finally, see the section about contacting Waterloo Hydrogeologic Inc.

INSTALLING VISUAL MODFLOW

Visual MODFLOW must be installed on your hard disk to run. Please read the section on
hardware requirements to ensure that your system meets the requirements before performing the
installation. The following executable fileis used to install Visual MODFLOW:

setup32.exe InstalsVisual MODFLOW for Windows in Windows 95/NT.
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The installation procedure outlined here assumes that Visual MODFLOW will beinstalled from
drive A: (use your CDROM driveif you are installing this from CDROM) to drive C:

(destination drive). The default installation directory is\vmodnt, but may be modified. To install
Visual MODFLOW in the Windows 95 or Windows NT 4.0 environment follow the succeeding

steps.

[1] Insert disk #1 into your disk drive.
[2] Enter Windows unless you are already in Windows.

[3] Runthe Install Program by clicking on Start in the lower toolbar, then click on Run
in the pop up menu and type A:\Setup32.exe (or the CDROM driveif you are
installing this from CDROM) in the dialogue box. Thiswill start the Visual
MODFLOW installation.

Run

Tupe the name of a pragram, folder, or document, and
Windows will open it for pou.

Open: I.-‘-'«:\S etup3z exe j

] | Cancel Browsze... |

[4] Click on OK to proceed past the title screen.

Thank you for installing Yisual MODFLOMWY w2 B0 fram
Watarloo Hydrogeologic, Ine.

Flease press OK to continue.

Canizel

[5] Enter the path to install Visual MODFLOW or to accept the default path click on
[OK] to start copying filesto the specified path.

[6] After theinstallation is complete, click on [OK] to complete the installation.

Y ou should now see a program group called "WHI Software" on your screen with the VM OD
icon inside this window.

=

File Edit XYiew Help

M

1 objectis)
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STARTING VISUAL MODFLOW

To start up Visual MODFLOW, from Windows or DOS follow the following procedures
accordingly. Follow the Windows 95 / Windows NT 4.0 installation procedure. Then simply
double click on the Visual MODFLOW shortcut within the WHI Program Group or click on
Start/Programs/WHI Software/\VV modflow.

GETTING AROUND

The integrated environment in Visual MODFLOW consists of four magjor screens: Main, Input,
Run, and Output plus the system Setup and Help. The Main Screen contains the following menu
options:

File  Input Eun Output Setup Help

Eile Select afile utility or exit Visual MODFLOW.

Input Go to the Input Screen to modify the current Visual MODFLOW data set.

Run Go to the Run Screen to modify run time parameters and run numerical
simulations.

OQutput Go to the Output Screen to post-process results from numerical simulations.

Setup Choose the numerical engines you want to use.

Help Main help screen and general information on Visual MODFLOW.

Y our Microsoft compatible mouse buttons 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 characters.

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.

The number and letter keys are active only when numerical or text input is required; all other
keys areignored by Visual MODFLOW.

After starting Visual MODFLOW you will be in the main screen. To proceed you must click on
File, which leaves you with three options:

1. New to create a new data set, by typing in anew file name;
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2. Click on Open, to open a pre-existing file; or

3. Click on Import, to import an existing MODFLOW model or select one of the pre-existing
files by highlighting the file path at the bottom of the drop-down menu.

Choose afile by clicking on the file name and then pressing the Enter key or double clicking
on thefile path.

SCREEN LAYOUT

After opening a File and selecting either Input, Run, or Output a screen similar to the figure
below will appear.

Top Menu Bar

{ Visual MODFLOW - [ c:wmodnttutorialiairport.umf |

Side Option Bar

»
>

File Gried Wels Propetties Boundaries Paricles Calbrate Annotste ZBud MT3D Help

E=assses % Es=====
Cube . :
fEujipan gEc=c
EAR’ SRRt IEERRN
Co-ordinates . d3mer i
Row (I}
comen B AR B %na.,lhemlé‘?zzﬂck%ml%gsga T |
Status Bar |Save. save as. print. return to Main Menu
Function Key
Top Menu Bar:  provides options, which vary depending on the
particular section.
Side Option Bar: contains the view options plus functions
. particular to the current screen or module. The
Lligws Colurnn view options are as follows:
Lligws Rou : . .
, [View Column] View across-section along a column.
Lliew Layer _ ' .
[ [View Row] View across-section along arow.
Goto : . . .
Mewt [View Layer] Switch from cross-section to plan view.

[Goto] View a specified row, column or layer.
[Previous] View previous row, column or layer.
[Next] View next row, column or layer.
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Navigator Cube: providesasimplified 3D representation of the
model domain with cross-hairs for locating
your spatial location.

Co-ordinates Area:shows the current location of the cursor in red
world co-ordinates, and shows the current cell
on which the cursor islocated.

Function Keys: common functions to the Input, Run, and
Output screens.

F1 F1 Help on specific screen or highlighted area.

I?_Help

Fz2 F2 Reserved for future 3-D options.

F3 F3 Save thefile as previously named.

Save

F4 F4 Map pops-up a File Selection window where you

iﬂap can select a.DXF format map file for importing.
The map can be toggled on and off in the Overlay
window.

FB 5 o F5  Zoom In allows you to extend azoom window over

in the screen with the left mouse button. The right

mouse button pops-up awindow that allows you to
specify the co-ordinates of the zoom area for
consistent size plot windows.

2 ,

SWarart F6 Zoom Out resets the screen image to the model
extent.

FT F7 Pan alows the user to click the left mouse button

HPan once on the model and drag this point to its new
location and click again.

FB ) art F8 Vertical Exaggeration allows the user to specify the

B eriag amount of vertical exaggeration seen in the row or

column view.

F9 The Overlay window alows you to toggle on or off
the various plot and map features (see below).

F10 Main Menu alows you to return to the Main
Screen.

Status Bar: adescription of each button functionality and use.

The CAD (Computer Aided Design) environment is one of Visual MODFLOW's most powerful
features. It allowsfast and easy setup of complicated problems and at the same time allows the
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user to visually inspect input, thereby eliminating errors that frequently occur during the input of
data.

For the CAD environment, a Microsoft (or compatible) mouseis necessary. In all CAD
environments, the following keys are active:

Function Keys As described above.
Enter Key Select the currently highlighted area.
Esc Key Cancels current window.

Cursor (arrow) keys Limited functionality (such as choosing menu options).
Tab Key Moves from cell to cell.

OVERLAY FEATURES

Various features, such as gridlines, observation wells and conductivity zones, can be turned on or
off in the Overlay window. The Overlay window appears when F9 is pressed or when the F9
button at the bottom of the screen is clicked on.

+ Overlay Control

Dverlay Mame

* Annotahion Overlay Pl Overlay is:
Chem. Reaction Layer
Conductivity Overlay
Conztant Conc. Overlay
Constant Head Overlay

Dizpersivity Overlay .
Drain Overlay Settings... |
Evapotr. Conc. Flux Overlay
Evapotranzpiration Overlay

* Flow Calibration Overlay Delete |
General Head Overlay

* Grid Overlay
Inachive Transport Overlay Owerlay Order.
Initial Conc. Overlay Default |
Layper Bottom Elevation Overlay
Layer Thickness Overlay
Layer Top Elevation Overlay

* Ho Flow Cell Overlay el I
Particle Overlap
Point Source Overlay

i = e I

* Pumping Well DOverlay
Recharge Conc. Flux Overlay Ot e I
Recharge Overlay )= B e I
River Overlay

* zitemap

Storage Overlay
* Tranzport Calibration Ovly
wWall/HFB Dverlay
Zone Budget Overlay x

ok Cancel
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The various overlays allow you to cross check your data or to add or remove features from your
plots to make them more readable. Maps that are imported can also be deleted from the Overlay
window.

The Overlay dialogue in the Input screen contains al of the overlay features, which can be seen
before amodel isrun. The Overlay dialogue in the Output screen includes the Input screen
overlays, aswell asthe overlays available for visualizing the model results.

The Settings button enables you to modify the display characteristics of some of the overlay
features. Zone style features, such as conductivity and recharge, can be displayed as either solid
zones or outlines. Colours for the .DXF maps, as well as, the options for calculated features, such
as contour lines and velocity vectors can be set with the Settings button.

The order in which the overlays appear in the list will determine the drawing order of the
overlays on the screen. The drawing order is reverseto thelist order (i.e. the feature at the top of
thelist isthe last feature drawn on the screen). After toggling the [Default] button to [User
Defined], the Overlay list can be modified using the group of four buttons located on the lower
right hand side of the Overlay Control dialogue box.

PRINTING IN VISUAL MODFLOW
Visual MODFLOW allows you to print the model you are currently viewing. From the Main,

Input, Run or Output Screen, select [File] and then [Print]. Y ou will be prompted with the
following dialogue box:

— Current Printer
HP Laszerdet lll on LPT1: hp Select... I
~Project Information
Project: | | Date: [2-141997 |

Description: | |

Modeller: | |

~Margins

Left: Right: [ Full Image
Top: m Bottom: [" Color Legend

Units: ™ inches O cm

Print | LCancel I Help |

Project information provides the text data for the title block of the plot. The Full Image toggle
has been disables in the Student Version so that the title block will aways be visible.

For a consistent plotting window, use the right mouse button after selecting Zoom In to specify
the viewing area for your model. This feature takes the top and bottom grid co-ordinates and
then scales the left and right grid co-ordinates to form arectangular viewing domain. It also
allows the user to revert back to the previous zoom window or to alter the current zoom window.
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The default Windows printer is automatically selected as the current printing device. To change
the current printer, click on [Select]. You will be prompted with the following screen.

Print Setup !
i~ Printer
Hame; Froperties |

Statuz Ready
Type: HF Lazeret [l

Wwihere:  LPT1:
Cormnment:
~Paper | Orientation——————
! .
Sige:  |Letter81/2x11in = * Portrait
Source: IUpper tray _-j | " Landscape

ak. I Cancel I

By selecting the arrow beside the Name input box you can switch the current printer to any
currently installed Windows printer. Selecting “Properties’ brings up the standard Windows print
options, which allow you to modify paper, font, and device settings.

PRINTING TO DXF FILE

If you want to export your output to a.DXF file for post processing in a CAD program such as
AutoCAD, you can “print” your output to a .DXF file.

To export output to a .DXF file, select [File] from the main menu and then select [Print to DXF
file]. The following dialogue menu will prompt you for the .DXF filename.

Print to File

Filename: Diwectones:

| |c:: wmoddrt |

Ok |
Cancel |
Help |

Lizt Files of Type: Drives:

= dxf j| ‘ = j
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NUMERIC ENGINES SETUP

The Setup option isfor selecting different numeric engines for the different Visual MODFLOW
packages. To enter Setup, click on [Setup] in the top menu. A drop down menu will appear.

Murmetic Engines

Visual MODFLOW allows the user to select different numeric engines (FORTRAN executables)
for MODFLOW and MT3D. After selecting [ Setup], select [Numeric Engines] from the drop
down menu and the Numeric Engines dialogue box appears.

MODFLOW Mumeric Engine
|USGS MODFLOW 96 from WHI -

MODPATH Humeric Engine

|USGS MODPATH from Waterloo Hydrogeologic -

Zone Budget Humeric Engine

|Zune Budget from W aterloo Hydrogeologic j|

Tranzport Humeric Engine

DEID MT3D. ¥. 1.5 [Public Domain]

Thereisonly one MODFLOW numeric engine available, which is USGS MODFLOW 96 from
WHI

For both MODPATH and Zone Budget there is only one numeric engine available: USGS
MODPATH from Waterloo Hydrogeol ogic and Zone Budget from Waterloo Hydrogeol ogic
respectively.

There are four Transport Numeric Engines available:
EPA MT3D, v.1.1 (Public Domain);
DOD MT3D, v. 1.5 (Public Domain);

WINDOWS95/NT SWAP FILE

Windows 95/NT manages the systems virtual memory. To change these settings please see your
system administrator.
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COMMON QUESTIONS AND ANSWERS

Q. Why does Visual MODFLOW sometimes become sluggish?

A: On large data sets, when Visual MODFLOW runs out of RAM to work with, it begins using
your hard disk as atemporary area. Moving unused data to and from the temporary area adds
additional time to many operations, making more RAM available to Visua MODFLOW
decreases the need to use this temporary area. A quick remedy may be to reduce the size of any
disk cache such as SMARTDRV.EXE to asmaller value, such as 512k or 1 megabyte in size.
Thiswill release additional RAM for Visual MODFLOW. Alternatively, you may want to
purchase additional RAM for the computer.

Q. Why is my DXF map HUGE when compared to the model domain?

A: Visua MODFLOW requires that the units of your DXF map to be in decimal units. The DXF
file that you are trying to import is either set up to use Engineering or Architecture scale of Feet
and Inches. To prepare your DXF file for use with Visual MODFLOW, you will need to edit
your DXF file with AUTOCAD or other suitable CAD software. First, you will need to change
the unitsto DECIMAL. Thiswill convert your drawing to decimal inches. This however, will
cause the drawing to be 12 timestoo large. To remedy this, you need to use the SCALE
command to scale down the entire drawing by afactor of 0.0833333 (1/12th). After the scaling
has completed, you need to save the drawing again using the DXFOUT or similar command. The
file should now be successfully imported into Visual MODFLOW at the right scale. A future
release of Visual MODFLOW will recognize this situation and scale the drawing automatically.

We want your feedback...

At Waterloo Hydrogeol ogic, we are dedicated to providing a product that is tailored to our
customer’s needs. Therefore, we are very interested in your thoughts on Visual MODFLOW and
welcome your suggestions and comments. We cannot promise to include all your suggestionsin
the next release, but you have our assurance that all suggestions will be carefully considered.
Please indicate a priority or an importance ranking for each of your suggestions.
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Visual MODFELOW Tutorial: Sunrise Fuel Supplies Co.

INTRODUCTION

The following laboratory exercise consists of two parts that correspond to the lecture material,
which will be covered during the course. These exercises include:

Part A - Building a Groundwater Flow Model
Part B - Calibrating aModel (Steady-State and Transient)

The purpose of these exercises will be to introduce you to the basic steps necessary to build a
groundwater flow and contaminant transport model using Visual MODFLOW. The models
which you will be building and modifying during these exercises are simplified examples which
will allow you to easily examine the various features and capabilities of using Visual
MODFLOW to assign input parameters, run the simulations, calibrate the model, and visualize
the results.

The site that you will be modeling is the Sunrise Fuel Supplies Site. A site map of the Sunrise
Fuel Supplies Co. and surrounding areais shown in Figure 1.

DESCRIPTION OF THE PROBLEM

Approximately 2 years ago the company inventory manager discovered that the fuel quantities
sold did not correspond to the volume of fuel purchased for re-sale. Initialy, it was suspected
that some employees were stealing from the company. However, it was recently determined that
leaksin the fuel storage tanks were responsible for the fuel volume discrepancies. This problem
was promptly reported to the USEPA and a detailed site investigation was initiated to determine
the extent of contamination. The field investigation activities included the following:

drilling several boreholes to characterize the underlying geology
performing slug tests at each borehole to characterize the soil hydraulic properties

performing awell pumping test to characterize the soil hydraulic properties

monitoring the water levels and chemistry over the course of 6 months

DESCRIPTION OF THE SITE

The siteisrelatively flat with an average elevation of approximately 200 feet above mean sea
level (AMSL). Thelocal topography slopes from northwest to southeast towards the Proulx

River, which is located about 2000 feet east of the site. The Proulx River flows from north to
south with a surface water elevation that ranges from 174 - 176 ft AMSL in the north, to 169 -
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171 ft AMSL in the south (depending on the time of year). The average depth of the Proulx
River is approximately 5 ft.

The borehole drilling program revealed that the site is underlain by arelatively homogeneous
silty sand and gravel aquifer extending to a depth of about 50 feet below ground surface. The
results of the slug test analyses and pumping test analyses indicate a soil hydraulic conductivity,
which ranges from 0.5 - 15 ft/day. The water level monitoring data at the site indicate a flat
water table, which generaly follows the surface topography in the area, with a gentle slope
towards the Proulx River throughout most of the year.
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Figure 1: Map of Sunrise Fuel Supplies Site and Surrounding Area

The results of the water quality analysis data showed high levels of BTEX contaminantsin the
groundwater beneath the site. Based on the results of the field investigation, a groundwater
modeling study was recommended to evaluate the potential extent of contamination of the site
and to determine the feasibility of a pump and treat remediation system.

Part A
LEARNING OBJECTIVES

To conceptualize amodel and solution
To dimension and build amodel grid
To input model properties and boundary conditions
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To assign particle tracking locations
To run MODFLOW and MODPATH
To visualize the model results

To assign a pumping well

To refine the model grid

MODEL CONCEPTION

Thefirst step in this laboratory exercise will be to develop amodel conceptualization and

identify model boundaries. From the cross-section in Figure 2, we can see that the groundwater
flow in the silty sand and gravel aquifer discharges to the Proulx River. Along the West side of

the site the groundwater table has fluctuated between an elevation of 193 - 198 ft AMSL
throughout the year, with an average elevation of 196.5 ft AMSL. The groundwater flow

direction across the site is predominantly west to east.

200 L Sunrisc Fuel
Supplies Sile

Cround Surlace

180
Silty Sand and Gravel

170

Figure 2: Cross-section through the Sunrise Fuel Supplies Site

From this information, the model boundaries and boundary conditions were determined. The

selected model boundaries areillustrated in Figure 3.
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Figure 3: Model Domain Boundary for Sunrise Fuel Supplies Site

A Constant Head (196.5 ft AMSL) boundary condition was selected along the western boundary
of the model. This boundary has been selected a significant distance away from area of interest
such that it would not likely be influenced by any local stresses to the groundwater flow system
which are initiated within the site property (such as a remediation pumping well).

The eastern boundary was selected along the Proulx River since theriver actsasalocal
groundwater flow divide whereby the groundwater in the aquifer dischargesto theriver. A River
boundary condition will be used to simulate the river.

The north and south boundaries were selected as no-flow streamline boundaries since the
majority of the groundwater flow is parallel to these boundaries. These hydraulic boundaries
were selected a significant distance from the area of interest such that they would not be
influenced by any local stresses to the groundwater flow system within the site property.
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TERMS AND NOTATIONS

For the purposes of this tutorial, the following terms and notations will be used:
type - totypein the given word or value

select - to click the left mouse button where indicated

> - to press the <Tab> key

é - to press the <Enter> key

= - to click the left mouse button where indicated

== - to double-click the left mouse button where indicated

The bold faced type indicates menu or window itemsto click on or valuesto typein.
[....] denotes a button to click on, either in awindow, or in the side or bottom menu bars.

STARTING VISUAL MODFLOW
On your Windows95 desktop, you will see an icon for Visual MODFLOW.

L3

[l

gaa Visual MODFLOW to start the program.
Y ou are now in the opening screen of Visual MODFLOW. To proceed to the Main Menu,

= [OK]

Module 1: Model Design and Input

Section 1: Dimension and Build a Model Grid
To start anew model,

= Eile (from the top menu bar)
= New (from the drop-down menu)

A Create New File window will appear prompting you to enter the filename of the Visual
MODFLOW project.

type: sunrise (in the box labelled Filename)
= [OK]

A Unit Selection window will display all of the available units for the model input parameters.
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Use the mouse to select the following units.

i Unit selection
-Length unit—y ~Time unit——  ~Pumping rate unit—;
" meters " seconds " m*/day
* feet " minutes " feday
-Conductivity unit— | © hours @ US gpm
" cm/second & daps " US gpd
" m/second " years -Recharge
@ ft/day @ inches/year
" m/day " mmiyear
" ft/second " meters/day
" ft/second
" fr/day
Ok Cancel Help
Length unit: © feet
Conductivity unit: ~ © ft/day
Time unit: ® days
Pumping rateunit: ~ ® US gpm
Recharge: ® inches/year
= [OK] (to accept these units)

An MT3D Units window will then appear prompting you to select the desired unitsfor a
contaminant transport simulation.

= [OK] (to accept the default units)

A Use Map Co-ordinates window will then ask 'Retrieve Site Co-ordinates from a DXF
MAP?'

= [Yes]

A DXF File Selection window will provide alisting of the available .dxf filesin the working
directory. Use the mouse to double-click on the filename 'sunrise.dxf' to select it for this
project. Visual MODFLOW will read the minimum and maximum x and y co-ordinates for the
model domain from the 'sunrise.dxf' file and then aMesh Dimension window will appear as
shown in the figure below.
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Mezh Dimenzions

3-D Perspective Yiew

Enter number of columns |3I] |
Enter minimum ¥ [ft] [1000.000 |
Enter maximum ¥ [ft] [4000.000 |
Enter number of rows |3|] | Crozz-5ection Yiew
Enter minimum ¥ [ft] |1 000.000 | i
Enter maximum ¥ [ft] [4000.000 |k
-3
Enter number of layers |1 | Plan UiHew
Enter minimum £ elevation  [ft] |1 00.000 | N
Enter maximum £ elevation  [ft] |2I]I].I]I]I] | i -
U
Cancel I Help I =:.;

Enter the following values in the appropriate boxes:

Enter number of columns: 30 «
Enter minimum X (ft) 1000 «
Enter maximum X (ft) 4000 <«
Enter number of rows 30 «
Enter minimum Y (ft) 1000 «
Enter maximum Y (ft) 4000 <«
Enter number of layers le

Enter minimum Z elevation (ft) 100 «
Enter maximum Z elevation (ft) 200 <

= [OK] (to accept these values)
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Visua MODFLOW will then construct a30 X 30 X 1 finite difference grid with uniform grid
spacing in both the X and Y directions as shown in the following figure.

VYizual MODFLOW - [ c:\vmodntitutonalzs\sunnzehsunnze vmf |
File Input Bun Output  Setup  Help
i
BT
. JE
[
g
= I
! AN
i 8 ;
EOHRISE FUEL] it [t =
sUPPLIES B1TEd ¥ | '
L
LIS b
£R [y
7 1L
Sﬁ.;"‘
i |
1
=
A 5 .II.\
I !
Start new data set

Once the model grid has been constructed, the next step is to begin assigning boundaries, model
properties and boundary conditions.

= Input (from the top menu bar)

The graphical interface will then transfer you to the Input Menu, with all of the different types of
model input parameters listed across the top menu bar. The default input selection is always the
Grid Input screen, which allows you to modify the model grid by adding or deleting rows,
columns and layers. The Grid Input screen also alows you to designate grid cells as inactive,
which means that the groundwater flow in these cells does not contribute to the groundwater
flow in the model domain. In this example, we are assuming that the Proulx River actsas a
groundwater discharge zone, such that the groundwater flow directly underneath the river is
vertically upwards and discharges to theriver. In this case, we can assume that the groundwater
flow in the area east of the river does not contribute to the groundwater flow in the areato the
west of theriver. Therefore, the model grid cellslocated to the east of the Proulx River can be
set asinactive.
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= [Inactive Cells] (from the left-hand menu bar)
= [Mark Poly. Inactive] (from the pop-up menu buttons)

This graphical tool will allow you to digitize a polygon around an areato the east of the Proulx
River. Move the mouse to the top right-hand corner of the model grid and click the left mouse
button once to anchor the polygon. Then move the mouse down to the lower right-hand corner
of the model grid and click again. Now move the mouse to the grid cell corresponding to the
location just east of the Proulx River and click again. Continue this procedure until you have
digitized a polygon around the area to the east of the Proulx River. To close the polygon,
CLICK THE RIGHT MOUSE BUTTON in the top right-hand corner of the model grid (i.e. near
the starting point of the polygon). A shaded polygon will appear as shown in the figure below,
indicating the cells, which have been designated, asinactive.

If the polygon, which you assigned, has missed some cells which should also be inactive, you
can assign single inactive cells as follows:

= [Inactive Cells] (from the left-hand menu)
= [Mark Single] (from the pop-up menu buttons)

Move the mouse to the cell, which you want to assign as inactive and click the left mouse button.
To paint severa cellsinactive, press and hold the |eft mouse button while you drag the mouse
acrossthe cells. Alternatively, if you would like to re-activate cells which have been
accidentally set asinactive, PRESS THE RIGHT MOUSE BUTTON and drag it across the de-
activated cells.
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Section 2:  Input Model Properties and Boundary Conditions

The next step to building a groundwater flow model with Visual MODFLOW isto begin
graphically assigning the model input parameters.

= Properties (from the top menu bar)
= Conductivity (from the drop-down menu)
= [Yes] (to save grid data before exiting)

A Default Property Vaueswindow will appear, prompting you to enter initial values for each of
the soil properties required by the model. These values will be assigned to each grid cell in the
model domain asinitial default values to ensure that no grid cells are neglected when you are
assigning the model properties using the graphical tools provided by Visual MODFLOW. Enter
the following default property values:
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Kx (ft/d) 10

(Ky is automatically set equal to Kx) K [ft/d]:
Kz (ft/d) 1.0 ‘oldifioon |
Kz [ft/d]:
Sy 0.20 « Sy[-I
Eff. Por. 020 crport-l
TotPor[-]:
Tot. Por. 0.20 T Hep |

= [OK]

Y ou will then be transferred to the Properties Input screen which allows you to graphically
assign hydraulic conductivity values to the model grid cells by painting individual cells, drawing
polygons around multiple cells, or by stretching a window around multiple cells. For this
particular example, the aquifer is being represented by a single layer, homogeneous model so
you do not need to assign any heterogeneities to the system.

The next step isto begin assigning model boundary conditions.

= Boundaries (from the top menu bar)

A drop-down menu will appear listing al of the available MODFLOW boundary conditions that
you can assign to your model.

= Recharge (from the drop-down menu)

A Default Recharge window will appear (see below) prompting you to enter an initial recharge
value to be assigned to each grid cell in the top layer of the model (the only layer in this model).

Enter the following default property values: Start Stop Recharge
Time [day] Time [day] [in/yr]
(default va ue) | |?3l]l]_l]l] |1 5 |
Stop Time (days): 7300 «
Recharge (in/yr): 15
= [OK] (to accept these values) = —

Y ou will be transferred to the Recharge Input screen which allows you to graphically assign
spatialy and temporally variable recharge rates. For this example, you will assume that a
steady-state recharge rate of 15 in/yr represents a good approximation of the annual average
recharge to the aquifer.
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To assign the constant head boundary condition along the western boundary,

= Boundaries (from the top menu bar)
= Constant Head (from the drop-down menu)
A pop-up window will prompt you to 'Save property data before exiting?"

= [Yes]

Y ou will then be transferred to the Constant Head Input screen that allows you to graphically
assign constant head boundary conditions as single cells, lines, polygons or windows.

To assign a constant head boundary along the entire western boundary of the model domain,

= [Assign Line] (from the left-hand menu bar)

Move the mouse to the top left-hand corner of the model grid and click once to anchor the line.
Then move the mouse to the bottom |eft-hand corner of the model domain and click the RIGHT
MOUSE BUTTON to closetheline. The cells corresponding to the line will be shaded pink,
indicating that they will be assigned a constant head boundary condition. An Assign Constant
Head window will then appear prompting you to enter the required constant head information
(see below).

The Code # is used to group the selected cells for copying the specified constant head to the
other layers.

The Assign to appropriate layer option is used to assign the constant head boundary condition
to the cell in the layer corresponding to the elevation of the specified constant head value.

The Start Time is the time when you would like to begin applying the specified constant head,
while the Stop Time isthe time when you would like to stop applying the specified constant
head.

The Start Pt. isthe constant head value specified at the beginning of the line while the End Pt.
isthe constant head value specified at the end of theline.

Enter the following values: Assign Constant Head
Code #: 1 Code#[1 ]
M Assign to appropriate layer W Assign to appropriate layer Irport !
Start Stop Constant
Tirme [day] Time [day] Head [rm]
Stop Time: 7300 < o |[7300.00 | startPr 1965
Start Point: 196.5 « End Pr. |og s
End Point: 196.5
= [OK] (to accept these values)
(8]4 | Cancel I Help |

The pink line will turn red indicating that constant head val ues have been assigned to these cells.
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Next you will assign aline of river boundary conditions in the grid cells along the Proulx River
to simulate the average water level in the vicinity of theriver.

= Boundaries (from the top menu bar)
= Rivers (from the drop-down menu)
Y ou will then be transferred to the River Boundary input screen.

= [Assign Line] (from the left-hand menu bar)

Move the mouse to the grid cell corresponding to northern most portion of the Proulx River and
click once to anchor the line. Then use the mouse to digitize aline along the Proulx River in the
cells adjacent to the inactive zone. Click the RIGHT MOUSE BUTTON to close the line at the
southern most location of the Proulx River. The cells corresponding to the polyline will be
shaded pink, indicating that they will be assigned ariver boundary condition (the following
figure). An Assign River window will then appear prompting you to enter the required
information.

As=zign River
v Assign to appropriate layer lmpart i
Start Stop Fiver Stage  River Bottorm Conductance
Tirme [day]  Time [day] Elevation [rm] Elevation [m] [m?2 fday]
o ||7300.00 | startPr [175.00 170.00 500.00
End Pt 117000 165.00 500.00

Cancel I Help |

The River Stage Elevation describes the water surface elevation of theriver.
The River Bottom Elevation describes the elevation of the bottom of the riverbed.

The Conductance isaMODFLOW specific term used to describe the ability of the riverbed to
conduct flow from the river to the aquifer or vice versa. The equation to cal culate Conductance
isasfollows:
C=KvxLxW where: C is the Conductance
B Ky isthe vertical hydraulic conductivity of the riverbed
L isthelength of theriver in the grid cell
W isthe width of theriver in the grid cell
B is the thickness of the riverbed
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For the purpose of this exercise, we will calculate the Conductance as follows:

C = (0.1 ft/day)x(100 ft)x(50 ft) = 500 ft?/day
(1 ft)
Enter the following values:
Code #: 2

| Assign to appropriate layer

Stop Time: 7300 «
Start Point:
River Stage Elevation: 175 <
River Bottom Elevation: 170 «
Conductance: 500 <
End Point:
River Stage Elevation: 170 <
River Bottom Elevation: 165 <«
Conductance: 500
= [OK] (to accept these values)

Section 3:  Assigning Particle Tracking Locations

Y ou have now completed all of the steps required to build a groundwater flow model. The
finite-difference grid has been constructed, the model domain has been delineated, and the
appropriate properties and boundary conditions have been assigned. This model could now be
run and groundwater flow simulation results would be produced. However, before you run the
model, you will assign some forward tracking particles in the vicinity of the UST Areato
determine the preferred migration pathways of the groundwater plume.

= Particles (from the top menu bar)
= [Yes] (to save the boundary data before exiting)

Y ou will then be transferred to the Particles Input screen (see the status bar along the bottom of
the screen). Examine the buttons on the left-hand menu bar to see the available options for
assigning particles within the model domain.

To begin assigning particlesin the vicinity of the UST Areayou must first zoom-in to the
Sunrise Fuel Supplies Site area.

= [F5 - Zoom-In] (from the bottom menu bar)
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Move the mouse cursor into the model domain and click on alocation to the north-west of the
site to anchor the zoom window (see the figure below). Then stretch a box around the site and

click again to close the zoom window. The screen display should appear similar to that shownin

the following figure.

= [Add Line]

Move the mouse cursor to the center of the northern UST Area and click once on the northern

(from the left-hand menu)

circle to anchor the location of the particle line. Then stretch aline to the center of southern UST
and click again to close the line. The particles should appear in the center of each UST as shown
in the following figure. A Line Particle window will appear with default settings for the line of

particles.

Change the # of Particles to '4'
= [OK]
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Y ou have just completed all the steps necessary to build a groundwater flow and pathline model.
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Module 2: Running MODFLOW and MODPATH

Y ou are now ready to run the computational simulation of this model.

= [F10-Main Menu]

= [Yes] (to save the particle information)
= Run (from the top menu bar)
You will then be transferred to the Run Options screen for Visual MODFLOW. This screen

allows the user to customize some of the run-specific settings for running MODFLOW,
MODPATH and MT3D.

A Select Run Type window will prompt you to specify whether you will be running either a
Transient or Steady State simulation. The default setting is ©® Steady State.

= [OK] (to accept a steady-state simulation)

For this particular example, the remaining default run settings will be sufficient for running the
model simulation that you have constructed. From the top menu bar:

= Run

A pop-up window will appear,

Select Model E

[ Run MODPATH
[ Run Zone Budget
[ Run MT3D

(1] 4 | LCancel | Help

= M Run MODFLOW, soa appearsin the box next to it
= M Run MODPATH, soa appearsin the box next to it
= [OK]

Visual MODFLOW will then create the necessary files and run the USGS MODFL OW program.

Visual MODFLOW version 2.51 or higher includes the Win32 MODFLOW Suite which
contains MODFLOW, MODPATH, ZONE BUDGET and MT3D for Windows 95/NT
applications. This unique modeling utility runs all of the available numeric engines and provides
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agraphical progress report for the MODFLOW solution convergence data and Zone Budget flow
data. In addition, it alows on-the-fly modifications to the solver parameters while solution is
iterating.

VWin32 MODFLOW Suite  [M[E

v ModPath(F)
o WT3ID96

Exit | Minirnize &

When the models are executed, the Win32 MODFLOW Suite window will be displayed during
the execution of each numeric model. This window keeps you up-to-date about which packages
arerunning. A check mark indicates the numeric engine has completed running, a running horse
indicates it is currently running, and ared circle indicates it is waiting to be run. Each engine will
have an information window that displays simulation results and progress. These windows can
be minimized by selecting [Minimize All] from the Win32 MODFLOW Suite window. These
windows can be opened again by clicking on the specific model in the Win32 MODFLOW Suite
window.

The following interactive screen is displayed for MODFLOW:
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3 WHI Modflow - [C:\YMODMTATUTORIALSASUNRISEASUNRISE]

Project: |5UNH|5E Stress period: |1 Time step: |1
T i WwHS
| @|Se| 0 |w[R| BIILE] = R |
E b axinum number of outer iterations: (30
Residuals w=. Mumber of terations
b aximum number of inner iterations: (500
631 595 '|'
552 B45 -
473 595 - Head change criterion for convergence: (001
394 749 -
315.799 - : - _
= Rezidual criterion for convergence: (0.001
S 236849
@ 157899 -
e 789497 - D armping factor for auter iteration: |1
SOERERE - Relative rezidual criterion: {0
157599 - o
396 840 - Factorization level
-315.799 . . 0 v 1
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Mumbet of kerations _ .
[ Wiew output window

Cloze Min/bdax Show T ail Apply | Help

At the top of the screen is the project name of the model and the current stress period and time
step MODFLOW is simulating. Beneath this information are the solver parameters and the
graphical display of solution convergence data (maximum residual head vs. number of
iterations).

Solution convergence data is graphically displayed on a plot of maximum residual head vs.
number of iterations. This plot is updated after each MODFLOW iteration. Numerical output
can also be displayed by selecting M View Output Window.

The MODPATH window looks like the following figure. This window displays the results and
progress of the MODPATH calculations. It also provides atravel time summary for all particles
and an explanation of where each particle became inactive or stopped in the simulation.
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o VWHI ModPath - [C:\WMODNTATUTORIALSASUNRISEASUN. .. [Mi[=] E3

FILE UMIT HUMBER 13 HAS BEEM COMMECTED TO <c:\vwmadnt'tutorialshsunrise =]
FILE UMIT HUMBER 50HAS BEEMW COMMECTED TO <o hwhodntstutorialshesunnzeh
FILE UMIT HUMBER 52 HAS BEEM COMMECTED TO <o hvernodnthtutorialseunrizeh,
TRaWEL TIME SUMMARY FOR ALL PARTICLES:
MINIMUM TRAVEL TIME = 0.22967E+04
haxIMUM TRAVEL TIME = 0.26897E+04
AWVERAGE TRAVEL TIME = 0.24608E+04
A0.0% OF THE PARTICLES HAD TRAVEL TIMES LESS THAM THE AVERAGE TF
0 PARTICLES REMAIN ACTIWE
4 PARTICLES STOPPED AT INTERMAL SINESASOURCES OF EOUMDARIES
0PARTICLES STOPPED IMN AN AJTOMATIC TERMINATION Z0ONE
0PARTICLES "WERE STRANDED IM INACTIWE CELLS
0PARTICLES “WERE HOT RELEASED
4 PARTICLES ACCOUMTED FOR OUT OF A TOTAL OF 4

Once the MODFLOW and MODPATH calculations have been completed (as indicated by blue
check marks), click on Exit in the Win32 MODFL OW Suite window, to close the Win32
MODFLOW Suite.

Module 3:  Visualizing Model Results

Visual MODFLOW's powerful post-processing tools have been specifically designed for
optimizing the display of groundwater flow and contaminant transport simulations. The post-
processing of results includes steady-state or transient contouring of equipotentials, head
differences between layers, head fluxes between layers, drawdown, water table elevation, and
MT3D concentrations. The contouring options allow you to plot contour lines and/or color
shading, select the contouring resolution/speed, and customize the display of contour intervals
and labels.

= OQutput (from the top menu bar)

Y ou will be transferred to the Visual MODFL OW Output Menu which allows you to select and
customize the display of results.

= [F6 - Zoom-Out] (from the bottom menu bar)
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An aeria view of the model domain will be displayed with equipotential contours displayed.
These contours indicate awest to east groundwater flow direction towards the Proulx River. To
see the preferred contaminant migration pathways from the UST Area,

= Pathlines

Y ou will be transferred to the Pathlines Output screen and the steady-state pathlines will be
displayed. Zoom in to the Sunrise Fuel Supplies Site areato examine these flow pathlines a
little more closely.

= [F5 - Zoom In] (from the bottom menu bar)

Move the mouse cursor to alocation northwest of the site area and click the mouse button once
to anchor the top left corner of the zoom window. Then stretch awindow across the site areato
alocation southeast of the site area and click the mouse button again to close the zoom window.

To estimate how far the groundwater plume may have migrated from the UST Area, a
conservative approach would be to assume that the groundwater plume travels at the same
velocity as the groundwater flow. Therefore, the time markers on the flow pathlines will give an
indication of the potential extent of contamination at the site.
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= [Options] (from the left-hand menu bar)

A Pathlines Options window will appear showing the pathlines display options (see the
following figure). The pathline type allows you to select either ® Steady state or ® Time
related pathlines. The Steady-state pathlines setting will display flow pathlines for a steady
state condition. The Time-related pathlines will display the flow pathlines from time zero to a
specific time. Thetime interval for the pathline time markersis displayed in the bottom right-
hand section of the window. For this example, the default setting should say ® Regular every
200 days.

Pathline options

Pathline tvpe Colors

. | e
B | O

- j In plane Reset

¥ Uze time marks

" Steady state

i Time related

Sy

Color scheme

* Direction highlight {* Regular every day(s)
{” Segments highlight = Cuztom D

{* Show all pathlines

" Start in cumrent layer

Change the settings to:

= ® Time Related
type: 730 (in the box provided)

= [OK] (to accept these settings)
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The new pathlines display should look similar to the figure below.
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These pathlines show how far the conservative compounds in the groundwater plume have
travelled after two years due strictly to advective transport mechanisms. These pathlines indicate
that the conservative elements of the contaminant plume have not likely migrated off-site.
However, based on the pathline time markers, it is apparent that the contaminated groundwater
plume will migrate off-site within the next 100 - 200 days.

Module 4:  Simulating a Pumping Well

In this section of the exercise, you will simulate a pumping well to determine the pumping rate
required for capturing the existing plume and preventing any further off-site migration of the
groundwater plume.

Section 1: Adding a Pumping Well
First, you must return to the Main Menu.
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= [F10-Main Menu] (from the bottom menu bar)
= Input (from the top menu bar)
Y ou will be transferred to the Grid Input screen by default.

= Wells (from the top menu bar)

Y ou will then be transferred to the Wells Input screen where you can graphically assign, edit,
move, copy and delete pumping well locations and pumping schedules. To add a pumping well,

= [Add Well] (from the left-hand menu bar)

Using the grid co-ordinates in the bottom left-hand corner of the screen as a reference, move the
mouse cursor to the grid location (Row 16, Column 12) and click the left mouse button. A Well
Edit window will appear as shown below. This screen displays a representative well cross-
section on the left side of the window.

Well name

200.00 7 LI:T.;latiun | Pumping Schedule oot
|2-| 50.00 |[ﬂ] Stant [day] Stop [day] Rate [GPM]
¥ Location | [1095.00 [o |
[2450.00 | (f1 | [7300.00 [-100 |

Add Screen | Clear 5creen|

Clear all | Screen all |

Screen # EI %
¥ Screen from: [200.00 [ft]

To: [ft]
|

Reszet

Well cazing display asl Elevation |

100.00 Usze Az Obs | Well Radius:
[ Deachivate We I:I

rJd

(1] 4 Cancel Help

Toggle between dizplay of elevation and depth

Using the mouse, double-click in the box |abelled Well name: and enter the following
information:

Well name: PW-1 <
X location: 2150 <

VISUAL MODFLOW STUDENT TUTORIAL 39



Y location: 2450 <

Next you must enter the well screen interval. For this exercise you will screen the well across
the entire depth of the aquifer.

= [Add Screen]

Move the mouse into the well bore and click the mouse near the ground surface to anchor the
starting point of the well screen. A red bar will appear inside the well bore and will follow the
vertical location of the mouse. Move the mouse down to the bottom of the well bore and click
again to set the well interval. Alternatively, you could select the button labelled [Screen All].

Next you will enter the well pumping schedule. Since the UST have been leaking for two years
prior to the proposed installation of the pumping well, the well pumping schedule will consist of
two timeintervals. Thefirst timeinterval will simulate the existing conditions at the site prior to
the installation of the pumping well, while the second time interval will simulate the influence of
the pumping well. When you are using MODFLOW these time intervals are referred to as
‘Stress Periods.

It is estimated that the design, approva and installation of the pump-and-treat remediation
system will take a minimum of one year to complete. Therefore, the first time period for the
simulation will be for the three years (1095 days) from when the UST leaks were first discovered
to the time when the pump-and-treat system isinstalled. The second stress period will introduce
pumping conditions at the well until atime of 7300 days (20 years). Using Figure 14 asaguide,
enter the following pumping schedule for the remediation well (note the negative pumping rate
for the extraction well).

Start (days): Stop (days): Rate (gpm):
0.00 1095 < 0.00 ¢,
1095 7300 <> -100
= [OK] (to accept the pumping well information)

A red well symbol will appear and the grid cell will be shaded red indicating the presence of an
active pumping well.

Section 2: Running the Modified Model
Now run the new simulation with the proposed pumping well operating.

= [F10 - Main Menu] (from the bottom menu bar)
= [Yes] (to save well data before exiting)
= Run (from the top menu bar)

Y ou will be transferred to the Run Options input screen and you will be prompted to select the
Run type. Since you nhow have two stress periods for the pumping well, you will need to run a
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transient ssimulation to account for the different system conditions.

= ® Transient

= [OK]

Y ou will then be transferred to the Run Options screen. For thisrun you will be interested in
seeing the drawdown influence of the pumping well and influence of the pumping well on the
particle migration from the UST Area. However, in order to calculate the drawdown, the model
needs to know what theinitial conditions were prior to pumping. Therefore, you will import the
initial head estimate for this simulation from the previous Visual MODFLOW simulation.

= Basic (from the top menu bar)

= Initial Heads (from the drop-down menu)

An Initial Head window will prompt you to select the initial head estimate for the simulation.
The default setting is ©® Constant By Layer which assigns asingle value for each layer of the
model.

by ® Previous Visual MODFLOW Run
= [OK]

An Import Head From MODFL OW run window will appear prompting you to select the
appropriate MODFLOW heads (.hds) file.

= sunrise.hds
= [OK]

A Select Output Time window allows you to select the output time from the .hdsfile. Since the
first run was a steady state simulation, there will be only one time period to select.

= [OK]

The other option under the Basic menu is Time. Thisoption is active only for transient
simulations and it allows you to customize the number of time steps for each time period, and to
specify amultiplier for the time steps increment.

= Basic
= Time

A Stress Period window will appear as shown below showing the available time settings and
default values for the number of time steps (10) and the time step multiplier (1.2) for both time
periods. MODFLOW will calculate the heads and drawdown for each of the time stepsin each
stress period and MODPATH uses these head values to determine the transient particle tracking
pathlines.
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Penod # Start Stop Time StepsMultiplier

| | | 2 oo |

| | | [10 200 |
(1] | Eancel|

Since thefirst stress period is essentially at steady state with regards to the existing conditions
(initial heads) at the site, it is not necessary to calculate the results for very many time steps.
However, when the well isturned on after three years, the flow field will change rapidly near the
beginning of the stress period (rapid water table drawdown). Therefore, you should have atime
step multiplier >1 to provide more information earlier in the stress period when the most rapid
changes are occurring. Using the above figure as areference, enter the required information in
the Stress Period window.

= [OK] (to accept these values)

Thiswill calculate the heads and drawdown for two time intervalsin the first stress period (0 to
1095 days), and 10 time intervals in the second stress period (1095 to 7300 days).

The final step, prior to running the model, will be to set the output control options to calculate
drawdown for each time step.

= oC (from the top menu bar)
= Output Control (from the drop-down menu)

An Output Control window will appear listing the available output information to calculate and
print to the listing (.Ist) file, and the time steps at which they can be activated. The default
settings indicate that the heads will only be calculated at the end of each stress period (i.e. at
1095 and 7300 days). However, for transient simulations, MODPATH requires the heads to be
calculated at each time step. In addition, you may also want to observe the transient
development of the drawdown cone of depression around the well for each time step.

= [All Print On] (from the bottom of the window)
= [All Save On] (from the bottom of the window)
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= [OK]

Thiswill calculate heads and drawdown data at each time step for both stress periods. Now you
are ready to run the model.

= Run (MODFLOW and MODPATH should still be selected)

= [OK]

Visual MODFLOW will then begin trandating the Visual MODFLOW files and will open up the
Win32 MODLFOW to run the MODFLOW and MODPATH simulation (see page 16 for
details). When the MODFLOW and MODPATH calculations are compl ete (as indicated by the
blue checkmarks) select Exit to close the Win32 MODFLOW Suite.

Section 3:  Visualizing the Effects of a Pumping Well
When the simulation is complete, Visual MODFLOW will return to the Main Menu.

= OQutput (from the top menu bar)

= [F6 — Zoom Out] (from the bottom button bar)

Visual MODFLOW will then display a plot of the head contours for the first time step of the first
stress period (time = 547.5 days). When you move the mouse cursor into the model domain, the
simulation time is displayed on the status bar along the bottom of the screen. Notice that the
heads at atime of 547.5 days are the same as for the initial simulation. Thisresult isfor thefirst
stress period where the well has not yet started pumping (thisistheinitial steady-state conditions
for the water table at the site).

In the latter part of this exercise, you will need an ASCII (X, y, h) file containing the head values for
the non-pumping condition at thissite. The purpose for the ASCII file will be explained later.

= [Export Layer] (from the left-hand menu bar)
= [Active Only]

An Export Equipotentials File window appears requesting you to enter a Filename for the ASCII (X,
y, h) file. Enter the following:

Filename: sun_ini.asc

= [OK]

An ASCII (x, Y, h) file named sun_ini.asc will be created in the C:\VMODFLOW directory.

To display alisting of al available time steps,

= [Time] (from the left-hand menu bar)
A Select Output Time window will appear with alisting of the available output time steps.
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Notice that the time steps for the first stress period (0 to 1095 days) are divided into two equal
time intervals (547.5 days), while the time steps for the second stress period (1095 to 7300 days)
are more frequent in the early stages of the stress period.

= 1095

= [OK]

Thiswill display the heads for atime of 1095 days, just prior to the pumping well being activated.
To display the head contours for the first time step after pumping,

= [Next Time] (from the left-hand menu bar)

Notice the small deformation of the head contours in the vicinity of the pumping well as shown
below. Continue to step through the remaining time steps by selecting [Next Time] until the
heads reach a steady state condition (i.e. the heads no longer change significantly).

A steady-state condition appears to be achieved after approximately 1865 days (770 days after
turning the pumping well on). Therefore, it will take more than two years of pumping at 100 US
gpm before the agquifer approaches a steady-state drawdown condition.

Yizual MODFLOW - [ c:\vmodntitutonals\sunnzelzunnse ymf |
File Contours  Yelocities  Pathlines Zbud  Annctate  Help

Yiew Column

24600 4000

Options |

TII'I'IE Previous

o

Inzpect Cell SUNRISE FUEL o
2 IIPPLIES SIT) 4'

Select
Head vz, Time
Calc. vz, Obs.

Flc-lw Mk 2200 200 00 4000
Column [J1: Fh FE Fa F3
Layer (K} 1 = = 7] f in| ! e mexag ELag

Return to Main Menu

Now return to a heads output display time of 1101 days.

VISUAL MODFLOW STUDENT TUTORIAL 44


User
Highlight


= [Time] (from the left-hand menu)
= 1101

= [OK]

The head contours should appear as shown above.

To display the drawdown contours,

= Contours (from the top menu bar)
= Drawdown (from the drop-down menu)

Y ou will be transferred to the Drawdown Output screen where the head contours are replaced by
the drawdown contours. Notice that there is zero drawdown closest to the edges of the model
domain where the heads are fixed due to boundary conditions. To 'clean-up' the display of
drawdown contours, you should set the range of drawdown valuesto just above zero.

= [Options] (from the left-hand menu)
A Drawdown Overlay Contour Options window will appear as shown in the following figure.

Drawdown Overlay Contour Options

[+ Automatic reset minimum, maximum and interval values

[ Color shading [+ Automatic contour levels
Hi"i"'"'“:l'l | ft [ Custom contour levels

M aximum:g | ft

Interval: 1 | ft

Labels: EI decimals

- - Contour color

Contouring resolution/Speed

higheszt/slowest

Reszet Min. max. interval

(1] 4 | LCancel

The M Automatic reset minimum, maximum and interval values defaultsto active (as
indicated by ) which means that every time you advance to a new layer, the min., max. and
interval of the head contours are recal cul ated.

The M Automatic contour levels defaults to active which means that the contours displayed on
screen will be set according to the values indicated in the boxes labelled Minimum, Maximum,
and Interval.

The O Custom contour levels defaultsto inactive (as indicated by [0) which means that custom
contours levels will not be displayed.
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The O Color shading defaults to inactive (as indicated by [0) which means that color shading
of contoured results will not be displayed.

The Label: box allows you to set the number of desired decimal places for each contour value.

The Contour Resolution/Speed option allows you to select the desired resolution of the
contours and the corresponding speed at which the contours are calculated. Thisisaparticularly
useful option when you are modeling very large grids (200 x 200 cells). Visual MODFLOW
defaults to the highest resolution of contouring (as indicated on the button labelled
[Highest/Slowest].

The Reset button alows you to manually reset the minimum, maximum and interval value of the
contours displayed on the present screen. This button is only applicable when the Automatic
reset minimum, maximum and interval values option is de-activated.

Change the minimum contour value to 1.0 and select [OK]. The drawdown contours will be
plotted for arange of 1.0 - 8.0 ft with a one-foot interval.

Zoom in to the site area to examine the gradua development of the drawdown cone of
depression as it extends radially outwards from the well.

= [F5 - Zoom In]

Move the cursor to alocation northwest of the site area and click the mouse button once to
anchor the starting location of the zoom window. Then stretch awindow across the site areato a
location southeast of the site area and click the mouse button again to close the zoom window.
The screen display should look similar to that shown below

NOTE: When the mouse is pointing inside the model domain, the output time is displayed in the
status bar along the bottom of the screen.
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To examine the drawdown contours for the next time step,

= [Next Time] (from the bottom menu bar)

Remember that the range of contour values and the interval between contoursis being
recalculated at each time step. Therefore, although the cone of depression appears the same for
the next time step, the range of contour values has increased and the contour interval is now 2.0.

Continue to advance through each time step to watch the cone of depression spread out radially
from the well.

It isinteresting to note that the drawdown contours near the pumping well are not as smooth as
the contours further away from the well. Thisis due to the coarse grid spacing of the model near
the pumping well. This effect will be examined in more detail later on.

The next step isto evaluate the effectiveness of the pumping well to seeif it will capture the
groundwater contamination plume and prevent further off-site migration of contaminants. First,
zoom-in to the site area as shown in the following figure.

= Pathlines (from the top menu bar)
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The transient flow pathline results will be plotted as shown below. The figure that you see on
your screen may be different than that below depending on how the river was specified.
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Note that the pathlines represent the flow directions for the entire simulation time from time zero
to 7300 days. Therefore, unlike heads and drawdowns, the pathlines display will not change
with each time step.

These results indicate that the well pumping rate is not high enough to capture al of the
contaminated groundwater plume migrating from the fuel storage tanks. Therefore the pumping
rate must be increased or the well must be moved.

= [F6 - Zoom Out] (to display the entire model domain)
Advanceto the final time step if you are not there already.

= [Time]

= 7300

= [OK]

To view the site in cross-section,

= [View Row] (from the left-hand menu bar)
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Move the mouse into the model domain and a horizontal red bar will highlight each grid row as
you move the mouse up and down. Select a cross-section profile along the row in which the
pumping well is located by clicking the left mouse button on Row 16.

A relatively flat model layer will appear on the screen. To enlarge the vertical perspective of the
Cross-section you must assign a vertical exaggeration to the model.

= [F8 - Vert. Exag.] (from the bottom menu bar)

A Vertical Exaggeration window will appear.

type: 15

= [OK]

The cross-section on your screen should look similar to the one below.
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Now return to the plan view display of the model domain.

= [View Layer] (from the left-hand menu)

When you move the mouse into the cross-section, the entire model layer will be highlighted.
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Click the left mouse button to return to the plan view display of the model.

When you are using a groundwater model to study the groundwater flow for asite, it is often
necessary to report the calculated or predicted heads at a precise location or for a particular grid
cell. This can be accomplished using the Cell Inspector.

= [Inspect] (from the left-hand menu)

A Cdll Inspector window will appear listing the available output results that can be inspected on
acell-by-cell basis. Move the mouse into the model domain and the cell-by-cell information will
be displayed in the Cell Inspector window. Move the cursor to the cell containing the pumping
well. The head at the pumping well location should be approximately 173.25 ft.

= [Close]
Now return to the Main Menu.

= [F10 - Main Menu]

Module 5:  Refining the Model Grid

The final step for thisfirst exercise will be to examine the effects of refining the model grid in
the near vicinity of the pumping well.

= [Input]

Section 1: Refining the Grid
Zoom in to the site area around the pumping well.

= [F5 - Zoom In]

Move the cursor to alocation northwest of the site area and click the mouse button once to
anchor the starting location of the zoom window. Then stretch awindow across the site areato a
location southeast of the site area and click the mouse button again to close the zoom window.

= [Edit Rows] (from the left-hand menu)
= [Refine by 2]

Move the mouse into the model domain. The Y co-ordinate of the cursor will be displayed in the
left-hand corner of the screen below the navigator cube. Click the mouse on the row
corresponding to a'Y -location of approximately 2200 ft, then click again at a 'Y -location of
approximately 2700 ft. Then thiswill double the number of gridlines between these two
locations.

Delete the gridline, which passes directly through the pumping well.
= [Delete] (click on the gridline that passes through the well)

VISUAL MODFLOW STUDENT TUTORIAL 50


User
Highlight


Now you will add afew more grid lines closer to the pumping well.
= [Add] (to refine the grid in the well cell)

CLICK THE RIGHT MOUSE BUTTON anywhere in the model domain and an Add Horizontal
Line window will appear.

= ® Add singleline at

type: 2430

= [OK]

Repeat thisfor three more grid lines at Y -locations of 2445, 2455 and 2470 ft.

Then exit out of Edit Rows by

= [Close] (to accept these grid modifications)
Now do the same thing for the columns.

= [Edit Columns] (from the left-hand menu)
= [Refine by 2]

Move the mouse into the model domain and highlight the column X = 1900 and click the left
mouse button. Then move the mouse to highlight the column X = 2400 and click the left mouse
button again to refine the grid between these two columns.

Delete the gridline, which passes directly through the pumping well.

= [Delete] (click on the gridline that passes through the well)
Now add a few more gridlines closer to the pumping well.

= [Add] (to refine the grid in the well cell)
Right click anywhere in the model domain and a Add Vertical Line window will appear.

= ® Add singleline at
type: 2130
= [OK]

Repeat this for three more grid lines at X-locations of 2145, 2155 and 2170 ft.

Then exit out of Edit Rows by

= [Close] (to accept these grid modifications)
= [F6 - Zoom Out]
The refined model grid should appear similar to the following picture.
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Now run the model again to see how these grid refinements will alter the results.

= [F10 - Main Menu] (to return to the Main Menu)
= [Yes] (to save the grid data before exiting)

Section 2: Running the Refined Grid Model

= Run (from the top menu bar)
= [OK] (to accept atransient simulation)

Since you have refined the model grid, you can no longer use the initial head estimates from a
previous Visua MODFLOW run because the .hds file will not correlate to the new grid
dimensions. Therefore, theinitial head estimate must be obtained form a different source. This
iswhy you created the sun_ini.asc file earlier. It contains the simulated head values for the
model prior to pumping.

= Basic (from the top menu bar)
= Initial Heads

VISUAL MODFLOW STUDENT TUTORIAL 52



An Initial Heads window will appear listing the available options for initial head estimates.

= ® Import from ASCII file

An Import heads from ASCII file window will appear listing the available ASCII (.asc) filesin
the C:\VMODFLOW directory.

= sun_ini.asc

= [OK] (to accept the file selection)

An Import Heads from ASCI|I file window appears listing the selected ASCI| file, the
corresponding model layer, and the # nearest data points that it will use to interpolate the data to
the model grid. Enter the following:

# Nearest: 1 (THISISNOT A MISPRINT! Changethevalueto ‘1’ )
= [OK]

Now run the model simulation for the refined model grid.

= Run

= [OK] (to run MODFLOW and MODPATH)

Visual MODFLOW will then begin translating the Visual MODFLOW files and will activate the
Win 32 MODFLOW Suite (see page 16 for details). Once the MODFLOW and MODPATH
calcualtions have been compl eted,

= [Exit] (to close the Win32 MODFLOW Suite)

Section 3:  Visualizing the Model Output
When the simulation is complete, Visual MODFLOW will return to the Main Menu.

= OQutput (from the top menu bar)

Visual MODFLOW will then display a plot of the head contours for the first time step of the first
stress period (Time = 547.5 days). Notice that the head contours do not ook noticeably different
than the previous simulation with the coarse grid.

NOTE: The results that you obtain may be slightly different than the results
shown in this exercise tutorial depending on the grid refinements which you
have performed.

Zoom in to the site area around the pumping well to see whether the grid refinement had a
significant impact on the heads and flow pathlines,

= [F5 - Zoom In] (from the bottom button bar)

Move the cursor to alocation northwest of the site area and click the mouse button once to
anchor the starting location of the zoom window. Then stretch awindow across the site areato a
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location southeast of the site area and click the mouse button again to close the zoom window.
Select an output time step at the end of the simulation time (e.g. 7300 days)

= [Time] (from the | eft-hand menu)
= 7300
= [OK]

The displayed heads should look similar to those in the following figure, with the exception that
the contours closer to the well are much smoother and the minimum contour value at the well is
now 165 ft. In the previous simulation, however, the minimum contour at the well was much
higher at 175 ft.

= Pathlines

The pathlines display should appear similar to the following figure. These results indicate that
the grid refinement did not have a noticeable impact on the flow pathlines.
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Use the cell inspector to determine the exact calculated head in the cell where the pumping well
is located.
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= [Inspect] (from the left-hand menu bar)

Move the mouse cursor to the location of the well (Row 20, column 16) and check the Cell
Inspector window for the calculated head in the cell. The calculated head in the cell should be
approximately 161.6 ft (this may vary dlightly depending on the grid spacing).

Compare this head value to the head value calculated in the first simulation before the grid
refinements (173.25 ft). Clearly, the grid refinements have a significant impact on the heads
calculated by the model, particularly in areas where there are steep gradients.

Thisisfurther illustrated by viewing a cross-section through the well.

= [Close] (to close the cell inspector window)
= [View Row]

Move the mouse into the model domain and click on Row 20 to view a cross-section profile
passing through the pumping well location. The cross-section should be similar to that shown
below.
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Now return to the plan view display of the model domain.

= [View Layer]
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When you move the mouse into the cross-section, the model layer will be highlighted. Click the
left mouse button to return to the plan view display of the model.

Section 4: Increasing the Pumping Rate

In the final section of this exercise, you will increase the well pumping rate to 115 US gpm to
capture and contain the off-site migration of the groundwater plume.

= [F10 - Main Menu] (from the bottom menu bar)
= Input (from the top menu bar)
= Wells (from the top menu bar)

Y ou will be transferred into the Well Input screen where you can add, delete, copy and move
well locations within the model domain.

= [Edit Well] (from the left-hand menu bar)

Place the mouse cursor directly over the well symbol and click the left mouse button to edit the
pumping well information. A Well Edit window will appear displaying the existing well data.
Change the pumping rate in the well from -100 US gpm to -115 US gpm, by double-clicking on

-100.
= [OK] (to accept the changes to the well pumping schedule)

= [F10 - Main Menu]

= [Yes] (to save the well data before exiting)
= Run (from the Main Menu)

= [OK] (to accept a Transient Run Type)

= Run

= [OK] (to run MODFLOW and MODPATH)

Visual MODFLOW will then begin translating the Visual MODFLOW files and will activate the
Win 32 MODFLOW Suite (see page 16 for details). Again click on Exit when both
MODFLOW and MODPATH have finished calculating.

When the simulation is complete, Visual MODFLOW will return to the Main Menu.

= Output (from the top menu bar)

Visual MODFLOW will then display aplot of the head contours for the first time step of the first
stress period (time = 547.5 days). Notice that the head contours are still displayed in red.

If you are not already zoomed in, zoom in to the site area to examine the particle pathlines.

= [F5 - Zoom In] (from the left-hand menu bar)
Move the cursor to alocation northwest of the site area and click the mouse button once to
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anchor the starting location of the zoom window. Then stretch awindow across the site areato a
location southeast of the site area and click the mouse button again to close the zoom window.

= [Time]

= 7300 (to see the results at the end of 20 years)
= [OK]

= Pathlines (from the top menu bar)

The results should indicate that the increased pumping rate of 115 US gpm successfully captures
the particles that migrated off-site previously. This figure may be slightly different depending on
how the river was defined. If you do not see a compl ete capture, you may have to increase the
pumping rate slightly.
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This concludes the Part A of the Sunrise exercise. If you have time left, try examining the
drawdown contours as you did previously in this exercise, or look at the flow velocity vectors by
selecting [Velocities] from the top menu bar.
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Part B

LEARNING OBJECTIVES

To calibrate amodel to steady-state, non-pumping conditions
To calibrate amodel to steady-state, pumping conditions

This portion of the exercise is a continuation of the Sunrise Tutorial - Part A. If you have not
completed Part A, you may not be able to successfully complete Part B.

In this exercise you will not have to actually calibrate the model, since most of the model
parameters have been provided for you in Part A. However, this laboratory will guide you
through the steps of modifying the various input properties to examine the influence each of
them has on the simulation results.

If you are still in Visual MODFLOW and have Part A displayed, rename your data set to
sunrs_b.vmf. If you are not in Visual MODFLOW, load up Part A (sunrise.vmf) and then rename
your data set to sunrs_b.vmf.

= [F10-Main Menu]

= File (from the top menu bar)
= Save As

type: sunrs_b

= [OK]

This will copy al of the sunrise model files to sunrs_b files. In this exercise you will be
changing many of the model input parameters to examine the influence that these changes have
on the calibrated results. The first section of this exercise will be used to demonstrate the non-
uniqueness of amodel that is only calibrated to steady-state, non-pumping conditions.

Module 6: Calibrate to Steady-State, Non-Pumping Conditions

Section 1: Adding Observation Wells

To start this exercise, you have to enter the input screen and then you can begin entering the
observation well datainto Visual MODFLOW.

= Input (from the top menu bar)
= Calibrate (from the top menu bar)

You will be transferred to the Calibration Input screen where you can add, delete and move
observation wells or import observation well datafrom atext file.

= [Add Obs.] (from the left-hand menu bar)
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Move the cursor into the model domain and click the left mouse button to add an observation
well at any location. An Edit Observation Point window will appear, as shown in the figure
below, which will alow you to enter the observation well information.

Edit Observation Point

Ohbservation narme

||:uw—6 |
00,00 - Observed L
AT X Lacatian Tirme [day] Head Elevation [ft]
2217.00 | 7]
Y Location ||:| | |]88.69
[2684.00 | [ft]

Z locatian of
observation point

[175.00 |

* |Set obs, Eu:uintl

Z-axis displayed as:

.........

(o] ;s Cancel Help

Using the above figure as areference, enter the following observation well information:

Well Name: OW-6 <«
X-location: 2217 <
Y-location: 2684 <
Z location 178 «
Time: 0

Observed Head: 188.69
= [OK] (to accept these values)

A green well symbol will appear on the screen indicating the location of the observation well.

Since there are atotal of 18 observation wells (see Table 1), it would be a somewhat tedious task
to graphically enter all of the observation wells. With thisin mind, Visual MODFLOW allows
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you to import a space delimited ASCII text file (.txt) of the observation well data with a data
format very similar to Table 1 (Well-ID, X-Loc., Y-Loc., Z-Loc., Time, Head)

= [Import Obs] (from the left-hand menu)

An Import Observations window will appear on the screen prompting you to select the .txt file
containing the observation well information.

= ‘sun_obsl.txt’

= [OK]

All of the observation well data will be imported into the model and the observation well
locations will be displayed on the screen (as indicated by green well symbols).

The calibration information for the steady-state, non-pumping condition is now completed. To
incorporate the observation well data for model calibration purposes, the steady-state, non-
pumping simulation must be re-cal cul ated.

Table 1: Observed Heads - Steady State, Non-Pumping Conditions
Well Name X-Location Y-Location Screen Elev. Avg. Obs. Head
(feet) (feet) (feet amsl) (feet amsl)
Oow-1 2116 2485 150 190.26
OW-2 2162 2453 175 189.99
Ow-3 2134 2433 182 189.92
ow-4 2186 2434 178 189.29
OwW-5 2148 2511 174 189.76
OW-6 2217 2684 178 188.69
Oow-7 2443 2750 171 186.90
Oow-8 1919 2624 169 19141
Oow-9 1799 2626 184 192.73
OW-10 2087 2637 182 190.39
Oow-11 2527 2534 181 186.45
Ow-12 1147 3662 187 196.20
OW-13 1138 2150 191 196.40
Oow-14 2876 2737 170 182.89
Ow-15 2737 2550 176 184.12
OWw-16 2530 2330 181 186.39
Ow-17 3237 2141 170 177.31
Ow-18 3213 2625 170 177.72
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Section 2: Running the Model in Steady-State, Non-Pumping Conditions

= [F10 - Main Menu] (from the bottom button bar)

= [Yes] (to save the calibration data before exiting)
= Run (from the top menu bar)

= © Steady State

= [OK]

At this point, you may be wondering whether the pumping well that you assigned in Part A will
be used in this steady-state smulation. If you recall, there were two stress periods specified in
the well pumping schedule; the first stress period specified a pumping rate of 0.0 US gpm (i.e. it
was not pumping); and the second stress period specified a pumping rate of 115 US gpm. Since
thisis a steady-state simulation, Visual MODFL OW will only use the information from the first
stress period for each pumping well and time-varying boundary conditions specified in the
model.

= Run (from the top menu bar)
= [OK] (to execute MODFLOW and MODPATH)

Visual MODFLOW will then trandlate the input files from Visual MODFLOW format to create
standard USGS MODFLOW and MODPATH input datafiles. The program will then activate
the Win32 MODFLOW Suite and run MODFLOW and MODPATH. When the MODFLOW
and MODPATH calculations have been completed press the Exit button to close the Win32
MODFLOW Suite.

Section 3:  Visualizing the Model Results
= Output (from the top menu bar)

A contour plot of the steady-state heads will be displayed. To check the calibration of the model
you must compare the cal culated heads against the observed heads.

= [Calc vs Obs] (from the left-hand menu bar)

A Calculated Heads vs. Observed Heads graph will be displayed as shown in the following
figure with calibration statistics provided below the graph. The results for your model may be
dlightly different depending on how the river was specified.
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The values for calculated heads are plotted along the left-hand axis, while the values for

observed heads are plotted along the bottom axis. The red asterisks represent the observation
datapoints. A perfect fit would have al of the data points directly on the 45 line. If adata point
is above the line then the model is over-predicting the heads in the system, and if the data point is
below the line then the model is under-predicting the heads.

This example demonstrates a very good fit between the observed and calculated heads, which
would lead you to believe that it must be the correct solution. However, for a simplistic steady-
state model like this one, it is rather easy to find a number of input parameter combinations that
will provide an equally good fit between the calculated and observed data. This point will be
demonstrated in the following steps where you will change the K values and Recharge by an
order of magnitude and still get the same results.

= [Close] (to close the heads calibration window)
= [F10 - Main Menu] (from the bottom button bar)

= Input (from the top menu bar)

= Properties (from the top menu bar)

= Conductivity

Y ou will be transferred to the Conductivity Input screen where you can edit the aquifer hydraulic
conductivity properties.

= [Database] (from the left-hand menu bar)
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A K Property Database window will appear which allows you to edit the Kx and Kz values of the
aquifer material(s). Double-click in the box labelled Kx and enter the following:

Kx (ft/day) 1<
Ky (ft/day) 1<«
Kz (ft/day) 0.1«
= [OK]

The hydraulic conductivity value for the aquifer has just been reduced by an order of magnitude.
Intuitively, thiswill raise the heads in the aquifer since the water entering the system through
recharge will encounter more resistance to flow before it dischargesto theriver. Therefore, to
offset the increased water table elevation, you can reduce the amount of recharge.

= Boundaries (from the top menu bar)
= Recharge

Y ou will then be transferred to the Recharge Input screen.

= [Edit Property] (from the left-hand menu bar)

An Edit Recharge window containing the recharge input values will appear as shown in the
figure below.

Edit Recharge E

Property # |:| I%I

Multiply values by: | 1.00 |
Copy schedule from: | 1 |

Start Stop Recharge
Time [day] Time [day] [in/vr]

| [7300.00 |15 |
(1] | Cancel | Help |

Click in the box labelled Recharge [in/yr] and enter the following:
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Recharge [in/yr]: 15
= [OK] (to accept this new value)

Essentially, what you are doing is reducing the recharge by an order of magnitude to compensate
for reducing the hydraulic conductivity by an order of magnitude (i.e. if you reduce the ability of
the system to transmit groundwater, you must compensate by reducing the amount of water
entering the system)

Now return to the Main Menu to run the simulation again.

= [F10 - Main Menu] (from the bottom button bar)

= [Yes] (to save the property data before exiting)
= Run (from the Main Menu)

= [OK] (to accept a Steady State Run Type)

= Run (from the top menu bar)

= [OK] (to execute MODFLOW and MODPATH)

Visual MODFLOW will trandate the input files from Visual MODFLOW format to create
standard USGS MODFLOW and MODPATH input datafiles. The program will then activate
the Win32 MODFL OW Suite to execute the MODFLOW and MODPATH. Oncethisis
completed, press Exit to close the Win32 MODFLOW Suite and return to the Visual
MODFLOW Main Menu.

= Output

A contour plot of the steady-state heads will be displayed. To check the calibration of the model
you must compare the cal culated heads against the observed heads.

= [Calc vs Obs] (from the left-hand menu bar)

A Calculated Heads vs. Observed Heads graph will be displayed. These results are nearly the
same as the previous simulation in spite of the radically different parameter values. Clearly, this
calibrated model does not represent a unique solution to the groundwater flow at this site.
Steady-state groundwater models are not unique and one must rely on using professional
judgement in the final selection of model input parameters (i.e. numerical values for these
properties must make sense and must correlate with the field data).
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= [Close]

While the changes to the hydraulic conductivity and recharge did not significantly affect the
calculated heads, it does have a strong influence on pathline time markers and time-related
capture zones.

= Pathlines (from the top menu bar)

Now zoom in to the area around the Sunrise Fuel Supplies site.

= [F5 - Zoom In]

Move the mouse to a location northwest of the site area and click the mouse button once to
anchor the top left corner of the zoom window. Then stretch a window across the site areato a
location southeast of the site area and click the mouse button again to close the zoom window.
The new screen display should resemble the following figure.
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To determine the time interval of the pathline time markers,

= [Options] (from the left-hand menu bar)

A Pathline options window will appear showing the default settings for the pathline display
options. Refer to the box in the bottom right corner labelled ® Regular every '2000" days.

= OK to accept these settings
[OK] ( h ings)

For this model, the groundwater plume will require a much longer period of time to migrate off-
site than with the previous simulation (about 10 times longer!).

Thetravel times of the pathlines are al'so very sensitive to the effective porosity of the soil
material(s). For the purpose of calculating the particle travel times, the most important property
isthe effective porosity which is defined as the fraction of the total porosity through which flow
actually occurs (i.e. neglecting dead-end pores). It isacommon mistake for modellers to assign
the porosity of the soil according to typical soil porosity values, which are usually significantly
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greater than the values for effective porosity for flow. Given that the effective porosity can often
be one-half, or less, of the total porosity, the value entered for effective porosity is a significant
influencing factor on the calculated groundwater flow velocities. If you have time at the end of
this exercise, try changing the effective porosity values to see how the pathlines are influenced.

Module 7:  Calibrate to Steady-state, Pumping Conditions

In this module, you will examine the influence of the hydraulic conductivity and recharge
parameters under steady-state pumping conditions.

Section 1: Adding a Pumping Well

For this part of the exercise, you will assume that the proposed pumping well was originally an
industrial water supply well which has been operating continuously for the past 5 years at an
average pumping rate of 35 gpm. The revised water level monitoring data at the site (to account
for the industrial water supply well) is provided in Table 2.

Return to the Main Menu to begin the next part of this exercise.
= [F10 - Main Menu] (from the bottom button bar)
= Input (from the top menu bar)

Following the same steps as described before, change the K properties and the recharge
boundary condition back to their original values:

Kx  =10ft/day

Ky  =10ft/day

Kz  =1ft/day

Rch  =15in/yr

= Properties (from the top menu bar)

= Conductivity

Y ou will be transferred to the Conductivity Input screen where you can edit the aquifer hydraulic
conductivity properties.

= [Database] (from the left-hand menu bar)

A K Property Database window will appear which allows you to edit the Kx and Kz values of the
aquifer material(s). Double-click in the box labelled Kx and enter the following:
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Kx (ft/day) 10«
Ky (ft/day) 10«
Kz (ft/day) 1.0«
= [OK]

Now change the recharge values back to 15 inches/year.

= Boundaries (from the top menu bar)

= Recharge

Y ou will then be transferred to the Recharge Input screen.

= [Edit Property] (from the left-hand menu bar)

Click in the box labelled Recharge [in/yr] and enter the following information.

Recharge: 15
= [OK]

Next, you will assign the well information and pumping schedule for the industrial water supply
well.

= Wells (from the top menu bar)
= [Yes] (to save the property data before exiting)

Zoom in to the areain the near vicinity of the industrial water supply well if you are not already
zoomed in.

= [F5 - Zoom In]

Move the mouse to a location northwest of the site area and click the mouse button once to
anchor the top left corner of the zoom window. Then stretch a window across the site areato a
location southeast of the site area and click the mouse button again to close the zoom window.

= [Edit Well]

Move the cursor over top of the existing pumping well (Row 20, Column 16) and press the | eft
mouse button. An Edit Well window will appear with the existing well information for pumping
well PW-1 (from Part A).
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Click the mouse in the second line of the pumping schedule and press the <Delete> key to delete
the second stress period in the pumping schedule. Change the remaining well information as
follows:

Stop Time (days): 7300 <>
Pumping Rate (US gpm): -35

Note that you will be running a steady-state simulation, so the time you enter for the Stop Time
isirrelevant. However, avaue of 7300 days was used simply to be consistent with the stop
times specified for the model boundary conditions.

Directly beneath the Pumping schedule is a button labelled [Use As Obs] which allows you to
use the pumping well location as an observation well to monitor the head in the pumping well.

= [Use As Obs]

An Observation Point Edit window will appear alowing you to enter the applicable information
for the observation well. Click the mouse in the box labelled ‘Observation Name’ and enter the
following information:

Observation Name: OW-PW
Observed Head: 178.34
= [OK] (to accept the observation well information)

Thiswill return you to the Edit Well window.

Directly below the ‘Use As Obs’ button is a box labelled “Well Radius’. This box allows you to
enter the radius of the pumping well, which is then used to calculate the ‘ corrected’ head in the
well based on the size of the grid cell.

Click in the “Well Radius’ box and enter avalue of ‘0.35".

= [OK]

Next, you will import the revised water level monitoring data to account for the steady-state
pumping conditions at the industrial water supply well.

= Calibrate (from the top menu bar)
= [Yes] (to save the well data before exiting)
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= [Import Obs]
= ‘sun_obs2.txt’

= [OK]

(from the left-hand menu bar)
(from the list of available .txt files)

The new observation well data, as defined in Table 2, will be imported and will replace the

previous values.

Table 2: Observed Heads - Steady State, Pumping Conditions
Well Name X-Location Y-Location Screen Elev. Avg. Obs. Head
(feet) (feet) (feet amsl) (feet amsl)
Oow-1 2116 2485 150 184.64
Oow-2 2162 2453 175 182.3
OW-3 2134 2433 182 1834
Oow-4 2186 2434 178 183.82
OW-5 2148 2511 174 185.21
OW-6 2217 2684 178 186.09
ow-7 2443 2750 171 184.29
Oow-8 1919 2624 169 189.12
Oow-9 1799 2626 184 190.85
OW-10 2087 2637 182 187.03
Oow-11 2527 2534 181 183.89
OwW-12 1147 3662 187 196.2
Ow-13 1138 2150 191 196.4
OwW-14 2876 2737 170 180.37
Ow-15 2737 2530 176 181.18
OWwW-16 2530 2330 181 183.29
Oow-17 3237 2141 170 175.84
OW-18 3213 2625 173 175.19

Now run the model simulation.
= [F10 - Main Menu]

= [Yes]
= Run
= [OK]

(to save the calibration data)

(from the top menu bar)
(to accept steady state)
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= Run (from the top menu bar)
= [OK] (to execute MODFLOW and MODPATH)

Visual MODFLOW will trandate the input files from Visual MODFLOW format to create
standard USGS MODFLOW and MODPATH input datafiles. The program will then activate
the Win32 MODFL OW Suite to execute the MODFLOW and MODPATH. Oncethisis
completed, press Exit to close the Win32 MODFLOW Suite and return to the Visual
MODFLOW Main Menu.

= OQutput (from the top menu bar)

A contour plot of the steady state heads will be displayed as shown in the following figure.
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To check the calibration of the model you must compare the calculated heads against the
observed heads.

= [Calc vs Obs] (from the left-hand menu bar)
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A Calculated Heads vs. Observed Heads graph will be displayed which shows an exceptionally
good fit between the observed and cal culated heads (see the following figure). NOTE: The
results that you obtain may be slightly different than the results shown below depending on
how you refined the model grid and defined the river in Part A.
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Click on asterisk to identify obzervation point

The lone outlying data point occurs at a calculated head of approximately 180 ft. For this data
point the model has over-estimated the head at the observation point. This observation point can
be identified by using the mouse to click on the red asterisk. The asterisk will turn blue and the
observation point information will be displayed below the calibration statistics.

This observation point is OW-PW, which monitors the head in the pumping well. Thistype of
discrepancy is common when you are using MODFLOW to predict the head in a cell which acts
as apumping well because MODFLOW does not consider well effects when calculating the head
in that cell. The actual head in the pumping well is usually significantly less than the head that
MODFLOW calculates for the cell. Part of the reason for thisisthe cell dimensions are usually
much larger than the actua size of the pumping well. However, Visual MODFLOW allows you
to correct for well effects within the cell by considering the size of the cell used to ssmulate the
well and the actual radius of the pumping well.

There is a button near the bottom left-hand corner of the pop-up window which is labelled
[Uncorrected], which indicates that the cal culated heads displayed in the graph have not been
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corrected for well effects. Click the left mouse button on the [Uncorrected] button to toggle the
it to read [Corrected]. Notice that the calculated head for OW-PW has been corrected for the
well effects and now provides a better fit to the observed data.

= [Close] (to return to the Heads Output screen)

Section 2: Calibrating the Pumping Model

Now that you have seen that the model is calibrated to the steady-state pumping conditions, try
adjusting the K values and recharge as you did previously to see how these parameters influence
the results.

= [F10 - Main Menu]

= Input (from the top menu bar)

= Properties (from the top menu bar)

= Conductivity

= [Database] (from the left-hand menu bar)

Change the K propertiesto the following, to reduce the K property for the model:

Kx (ft/day) 5«

Kx (ft/day) 5«

Kz (ft/day) 0.5«

= [OK] (to accept these K value changes)

Intuitively, areduced K will create a larger water table drawdown near the well as steeper
hydraulic gradients are required to get the same amount of water into the well.

Since reducing K will lower the water table, then the calculated heads will be lower than the
observed heads, and the model will not have a good fit between the observed and calculated data.
Therefore, you will need to bring the water table back up to achieve agood fit. Since reducing
the recharge to the system (as you did for the steady-state, non-pumping condition) will cause the
water table to drop even further, you must increase the recharge to the system for this particular
situation.

= Boundaries (from the top menu bar)
= Recharge
= [Edit Property] (from the left-hand menu bar)

Click in the box labelled *‘Recharge [in/yr]” and enter the following information:
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Recharge [in/yr]: 20

=

[OK]

Now re-run the model simulation with these new parameters.

=

=

[F10 - Main Menu]
[Yes]

Run

[OK]
Run
[OK]

(from the bottom button bar)
(to save the boundary data)

(from the top menu bar)

(to accept steady state)

(from the top menu bar)

(to execute MODFLOW and MODPATH)

Visual MODFLOW will translate the input files from Visual MODFLOW format to create
standard USGS MODFLOW and MODPATH input datafiles. The program will then activate
the Win32 MODFLOW Suite to execute the MODFLOW and MODPATH. Once thisis
completed, press Exit to close the Win32 MODFLOW Suite and return to the Visual
MODFLOW Main Menu.

=

Output

(from the top menu bar)

A contour plot of the steady-state heads will be displayed as shown in the following figure.
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Digplay plot of calc. vs obs. heads

Compare the calculated vs. observed heads for this scenario.
= [Calc vs Obs] (from the left-hand menu)

Notice that the majority of the calculated heads are greater than the observed heads, while only a

few data points produce a close match (see the figure below). If you look more closely at the

graph you will see that the data points which fit are the ones nearest the pumping well, or nearest

to the boundaries.
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Visual MODFLOW also allows you to select specific observation wells for plotting the
calculated vs. observed data. To see the calibration data for the observation wells around the
pumping well, return to the display of heads.

= [Close]
First zoom in to the area around the pumping well.

= [Select] (from the left-hand menu bar)

An additional pop-up menu bar will appear prompting you to choose atool for selecting the
desired observation wells.

= [Box]

Now use the mouse to draw a box around the observation wellsin the near vicinity of the
pumping well (click the left mouse button to anchor the starting location of the box, then stretch
the box around the observation wells and click again to close the box).

The observation wells located within the box will be highlighted blue, indicating that they have
been selected.

= [Calc vs Obs] (from the left-hand menu bar)

The Calculated vs. Observed Heads graphs will be displayed again and will appear the same as
that shown in the figure below. To display the selected observation wells only, click the button
along the right-hand side of screen labelled [All] to toggleit to [Selected]. The display will then
show the calibration data for the selected observation wells only, as shown in the last firgure.
This option allows you to determine how the model is calibrating in specific zones of the model
and is particularly useful in more complex, multi-layered models with heterogeneous property
distributions.
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= [Close] (to return to the display of heads)

This example clearly demonstrates the importance of recognizing that steady-state models do not
have unigue solutions. In addition, it also shows that models which have been calibrated to
pumping conditions are generally more reliable since there is less flexibility in the input
parameters and boundary conditions to produce a calibrated model.
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[

This concludes the exercise problem. If you have time, you should continue to experiment with
the Visual MODFLOW interface and test some of the tools, which have not been covered.

To exit out of Visual MODFLOW,
= Eile

= Main Menu

Then in the Main menu,

= Eile

= Exit
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