A Graphical-User Interface for the U.S. Geological Survey Modular
Three-Dimensional Finite-Difference Ground-Water Flow Model
(MODFLOW-96) Using

Argus Numerical Environments

U.S. GEOLOGICAL SURVEY
Open-File Report 97-121

MODFLOW DataSets

Project  Geclogy | Mizc. Eontrolsl Stresses;"ﬁolversl Tirme I Cutput FiIesI Clutput Conlmlsl DE4 I

— Geologic Unit

Mumber of Geologic Units: I‘I

im..._| Interblock Transmissi.. | Aguifer twpe | Anisctro.. | . Discr..

~YYes  Hamonic mean Confined 1 4

l 3]
Mame: Squifer ¥ Simulated Inzert |
Interblock Transmizivite: | Harmanic mean () j tadif |
Aquifer type: IEonfined [ j (LAYTON] Delete |

Anizotropy factor [Ky;’Kx]:I‘I [TRFY)
Yertical discrefization: I'I

Ok, I Cancel |

Elevation of Aquifer Top Surface Map of Hydraulic Head




A Graphical-User Interface for the U.S. Geological Survey Modular
Three-Dimensional Finite-Difference Ground-Water Flow Model
(MODFLOW-96) Using

Argus Numerical Environments

by Allen M. Shapiro*, Joshua Margolin % Shahar Dolev?, and
Yaacov Ben-Israel ®

1U.S. Geological Survey, Reston, VA
2Argus Interware, Jericho, NY

U.S. GEOLOGICAL SURVEY
Open-File Report 97-121




Reston, Virginia
1997



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary
U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

Although the computer program described in this report has been tested and used by the U.S.
Geologica Survey (USGS), no warranty, expressed or implied, is made by the USGS asto the
accuracy of the functioning of the program and related material.

Any use of trade, product, or firm namesin this publication is for descriptive purposes only and
does not imply endorsement by the U.S. Government.

For additional information write to: Copies of this report can be purchased
from:

Office of Ground Water U.S. Geological Survey

U.S. Geological Survey Branch of Information Services

411 National Center Box 25286

Reston, VA 20192 Denver, Colorado 80225-0286



CONTENTS

N 15 = o S
Lo (8T 1o o USSP
System Requirements and INStallation.............ccoereeeiieieieneeeeee e
Launching the Preprocessor and Saving Project Information.............cocoevverenienenne.
Entering and Editing Information in the MODFL OW-96 Preprocessor....................
PrOJECE DIAlOQ......c.ueeiueieieece ettt re s
(€7 0] 070 )Y B IT= oo RS
Editing Attributes of GeologiC UNItS.........ccooereeiieieiiniesieseseseeeees
Deleting a8 GeologiC UNit........cccoueiiiiinienenieneeeeeeeee e
Adding aGeologiC UNit.......ccccceeiieiiiiesieie e
Attributes of GeOlogiC UNItS.........cccoveieieeiece e
Modeling Geologic Units That Are Not Aredlly Extensive.................
MiSC. CONLIOIS DIBIOQ. ... .cceiiueeieriiiiesieerie ettt s
Stresses/SOIVErS DIialOg. .....ccoviiveriieieeieeeeeeeesie s
ChooSiNg Stress Packages.........cocvevvererereniereeee e
ChOOSING @SOIVEY......ceiiiriiieeee e
B LTS oo USSR
Editing attributes of Stress periods...........cceeveeeveeieceeve e
Deleting aStreSS PEriOd.........oovviiiiieiiicieesie e
Adding aStreSS PEITOU.......coiuieieriirieeeee e e
ALtribUtes Of StreSS PEITOUS.......coveeieerierie it
Time-varying and steady SIrESSES..........cocerererirereneneeeesee e
OULPUL FIIES DI@I0OQ. ... euveeueeeieesieeiesieseesieseeseeseesee e ste e sreesseenee s e e seeneesneenes
Root Name of Data and Output Files...........ccceeeveeveeceiceene e,
Head/Drawdown SOIULIONS.........cccooiiirininesiree e
Cell-BY-Cell FIOWS.....ccueieiieieeeiece ettt
Output CONLrolS DIAlOG......ccueeueeeeierierie et
Output in MODFLOW-96 Listing File.........ccccooiiininiceeecce
Output t0 EXternal FIleS.........cocvvieieieire e
0 AV g D T oo TS
SIP--Strongly Implicit Procedure Package...........cccooeeeeveecieveesieennans
SOR--Slice-Successive Overrelaxation Package..........cccooveveeieecnene,
PCG--Preconditioned Conjugate-Gradient Package............ccccceeueeneee.
DEA4-- Direct-Solution Package with Alternating
Diagonal Ordering.........ccceeeereerereresesesesee e
Geospatial INfOrmation LAYErS........ccucveieeieiieiecrie e e esre e ete et enesneennas
Geogpatial Information Layersin ArgusNE...........ccccoooveeveeiecveveese e,
Creating Geospatial Information Layersin the
MODFLOW-96 PreproCeSSOr.........ccveivirrerieesreeiesieesressne e

Drawing Size, Scale and Units

w

0000 ~NO O O Ul 010l

21
21

22
23



General Model INformation Layers..........ccceeeeveeieeiee s e
= o O L oL SRS
MODFLOW Domain OULIINE........cccoiieerienienieeeie e
Added Inactive Area Unit[i]......ccooveerirenenenereneseseeeeeeee e

Topographic INfOrmMation LaYErS..........ccceeerererenesesieseseeee e
Elevation TOp UNItMi] ..o
Elevation Bottom UNit[i] .....ccccceveeieeieieese e
Consistent Elevations Between Geologic UNits...........cccccveveeveerieennene.
Elevation of Top and Bottom of Model Layers.........ccccvevvevveecieenen.

Prescribed Head UNIt[i] ...ccoevereneseceeeeeeeere e
Initial Head UNIt[i] ...cooeeeiececeeeeeecere e
Hydraulic Conductivity UNIt[i] ....ccoocvereeieseeseece e eee s
SPeCITiC YIeld UNItfi] .ooeveeeeieieie e
Specific Storage UNit[i] ...oooeeeeececieiece et
Wetting Threshold Unit[i] ......cccoeeviriiiiie e

WEIIS UNI[I] eeveiiiiesiesieeieieee et
River INfOrmation LAYEIS.......ccueieeiienieieeiiee et
Line RIVEr UNItI] «vooeeeeieeeeesesee e
ATEARIVEN UNITI] cveeiieeiieieiee e
Drain INfOrmMation LAYENS........cccoierieririeieneeeeee e
Line Drain UNitfi] .ooeooveveeeieese et
AreaDrain UNItfi] ..ooooeeeeieee e
General-Head Boundary Information Layers.........cccveveeeeieeviieesieciieesee e
Point Gen Head Bound UNIt[i] ......ccoovveeieniinieneee e
Line Gen Head Bound UNIt[i] .......coooeririnineneeieeee e
Area Gen Head Bound UNIt[i] ......ccoooeririenininireee e
Finite-Difference INformation Layers.........cccvoveveeveeieenenie e e
MODFLOW Grid DENSITY......ccviiiiiieriiniesiesiesieseseeee e
MODFLOW FD GFil....coiiieieriiniesiesesiesesee e
Grid Type, Grid Direction, and other Grid Operations.............cc.c.c.....
Adding Geospatia INformation LayersS........ccccveeereenienieeneenie e sieesee e

Visualizing Geospatial Information Linked to the Finite-
DIfferenCe Grid.......oocoveieiireeeeeere e
Visualization of Topographic Information............ccccueveeieeiecievecce e
Elev TOP UNII] coooeeeeceee et
EleV BOt UNI[I] .eeooveeeiieeeeee e
ThickNesS UNIt[i] ..veoveeeeeeeeeeeeeeee e e
Visualization of Hydrogeologic INfOrmation............ccoeveverenieenenenene s
IBOUND URNIE[I] oot
Initial Head UNIt[i] ....coooooveeeiieeneeeesee e

Kx Unit[i]
Kz Unit]i]

23
23
24
24
24
25
27
27
27
27
27
28
28
29
29
29
30
30
31
31
31
31
32
32
32
33
33
33
34
34
34
35
35
36
36
36
37

37
38
38
38
38
38
38
38
38
38



SP_YTEId UNILI] oo s
SP_StOrage UNIti] .oocveeveeceecie e s
WELHING UNI[I] oot

ViSUAlI ZatiON OFf FlUIO SITESSES......eeeeeeeeeeeeeeeeeeeeneeeeeneeenensnnnnnnnnnnes

Recharge EleVation.............ccoeeiririeieeeese e
ET Surface EleVation..........cooveeieeieee e
Well Location UNIt[i] ....ocoeeveeeieiieriecie e
River Location UNIt[i] ....ccoeveeieieeseee e
Drain Location UNIT[I] ...oooveeecieiiieiieccee e
Gen Head B Location UNIt[i] ....coceveeienienieeeee e

Adding Parameters Linked to the Finite-Difference Grid...........ccccceeveviennee.

Creating Data Files and Executing MODFLOW-96..........cccccoevieieiieseeieceeseesee s
Files Created for MODFLOW-96 SIMUIELIONS.........ccceeeereeienienie e
Files Created by Executing MODFLOW-96...........cccoovueeieeiee e scieesiee e

Visualizing Hydraulic Head and Drawdown Solutions from MODFLOW-9%...........
Launching the POSIPIOCESSOT ..........coiiirireeieie e

38
38
39
39
39
39
39
39
39
39
40

40
41
42

43
43
45
45
46
46

47



ILLUSTRATIONS

Figure
1. MODFLOW-96 preprocessor dialog BOX.........ccceveiriiinenineneeee e
2. Geology dialog in MODFLOW-96 PreproCESSOr.........civeveeeesreereeseesseesseseensens
3. Schem_atic diagram of a geologic unit that is not areally

oS 1S Y=
4, Misc. Controls dialog in MODFLOW-96 preproCeSSOr..........couveeeieenreeeesseenens
5. Stresses/Solvers dialog in MODFLOW-96 preproCesSOr........ovvevveeeeeeireesunenn
6. Time dialog in MODFLOW-96 PreprOCESSON .........ccververrereeeeeeseesseseessessessesnens
7. Output Filesdialog in MODFLOW-96 pPreproCeSSOr.........ccveiveeeeieerseeieeseensens
8. Output Controls dialog in MODFLOW-96 PreprOCESSON .......ccuvvueerveereerersuennens
0. SIP Package dialog in MODFLOW-96 PreproCeSSOL .........cc.veeeeereereesseseessenuenns
10.  SOR Package dialog in MODFLOW-96 PreprOCESSON ..........ecvvevveeeeireesseeeesseens
11. PCG Package dialog in MODFLOW-96 PreprOCESSON .......coveeveeeesieeseeserssennnens
12. DE4 Package dialog in MODFLOW-96 PreproCeSSOr........covververeeriereseseenenns
13.  ArgusNE work space and floating layers Window............ccccceveveeieeseenieceenee.
14.  ArgUSNE LayerS AialOg........cceieerierienieeieniesieeiie e sie e see e see e sseseesseeseesneens
15.  ArgusNE EXPression didlOg........ccccoviririninirieieese s
16. Datadialog for MODFLOW-96 POSLPIOCESSON .......ccveeiveereereesieeieeseesseesnesseessens
17.  Visualization dialog for MODFLOW-96 pOStPrOCESSOY .......c.cevvevereerierierieenense

Vi



A GRAPHICAL-USER INTERFACE FOR THE U.S. GEOLOGICAL SURVEY
MODULAR THREE-DIMENSIONAL FINITE-DIFFERENCE GROUND-WATER
FLOW MODEL (MODFLOW-96) USING
ARGUSNUMERICAL ENVIRONMENTS

Allen M. Shapiro®, Joshua Margolin®Shahar Dolev? and Y aacov Ben-lsragl®

'U.S. Geological Survey, Reston, VA
’Argus Interware, Jericho, NY

ABSTRACT

This report describes a Graphical-User Interface (GUI) devel oped for MODFL OW-96,
the latest revision of the U.S. Geological Survey (USGS) modular, three-dimensional, finite-
difference ground-water flow model. The pre- and post-processing GUI’s for MODFL OW-96
were developed as Plug-In Extensions (PIES) to the commercially available software devel oped
by Argus Interware. The Argus Interware product, known as Argus Numerical Environments
(ArgusNE), is a programmable geographic information system (GIS) that has automated gridding
and meshing capabilities to link geospatial information with finite-difference and finite-element
discretization, as well as several means of importing geospatial information. The pre- and post-
processing interfaces automate the use of ArgusNE to create the appropriate GIS coverages or
layers for MODFLOW-96 automatically, and to install menus and dialogs to synthesize
geospatial information and simulation control parameters for MODFL OW-96, as well as
visualize the model results. In addition to the Basic, Block-Centered Flow and Output Control
packages of MODFL OW-96, the preprocessing GUI also incorporates the river, drain, well,
general-head boundary, recharge and evapotranspiration packages, as well as four matrix
solution agorithms. The preprocessing GUI creates formatted ASCI|I files that can be read by
MODFLOW-96. MODFL OW-96 can be executed within the ArgusNE application, and
hydraulic head and drawdown results from MODFLOW-96 simulations can be visualized with
the postprocessing GUI. The GUI for MODFL OW-96 discussed in thisreport isafully
functioning graphical pre- and post-processor; however, it also allows the user to apply
programmabl e features within ArgusNE to tailor the GUI to meet the unique demands of the
each ground-water modeling project.

INTRODUCTION

Numerical models can not be regarded as representations of the real world because the
complexity of natural hydrogeologic systems can never be captured in the discretized parameters
of anumerical model. Instead, numerical modeling should be viewed as a means of testing
hydrologic hypotheses based on model parameters that best represent measured phenomena.
However, testing hydrologic hypotheses often becomes time consuming because numerical
models have complex data requirements. To facilitate the modeling process, graphical-user
interfaces (GUI’ s) are needed to synthesize geospatial information and simulation control
parameters, as well as visualize the smulated results.

This report describes a GUI developed for MODFLOW-96, the latest revision of the U.S.
Geologica Survey (USGS) modular, three-dimensional, finite-difference ground-water flow
model (Harbaugh and McDonald, 1996a; 1996b). Attributes of MODFL OW-96 as compared to
earlier versions of MODFLOW are discussed in Harbaugh and McDonald (1996a).



The GUI for MODFLOW-96 discussed in this report is developed using commercialy
available software developed by Argus Interware. The Argus Interware product, known as Argus
Numerical Environments (ArgusNE), is a programmable geographic information system (GIS)
that has automated gridding and meshing capabilitiesto link geospatial information with finite-
difference and finite-element discretization, as well as several means of importing geospatial
information. The programmable nature of ArgusNE allows geospatial information and
simulation control parameters to be exported to ASCI| files that can be read by the numerical
model, in this case, MODFLOW-96. In addition, ArgusNE allows access to externally developed
Plug-In Extensions (PIEs), which are executable codes loaded into the memory of ArgusNE such
that they appear as part of ArgusNE, even though they have been developed independently
(Argus Interware, 1997b). For example, PIEs can be devel oped for purposes such as spatial
interpolation, grid and mesh generation, geostatistics and control of model pre- and post-
processing.

Although ArgusNE operates on multiple computing platforms, the GUI for MODFLOW-
96 has been developed for computers operating under the Windows 3.11, Windows 95 and
Windows NT operating systems. The GUI consists of two PIEs that appear as the files
MFGUI_10.DLL and MFPOST10.DLL. Thefile extension DLL isreferred to asadynamically
linked library, which is the name of the Microsoft technology that allows external codesto be
loaded in the memory of software applications. The file MFGUI_10.DLL isthe preprocessor for
MODFLOW-96, and MFPOST10.DLL isthe postprocessor for visualizing hydraulic head and
drawdown solutions generated from MODFL OW-96 simulations. These PIEs are available
without charge from the U.S. Geological Survey and can be distributed freely, however, they
require an executable version of ArgusNE (version 3.0 revision sor higher) to operate.
Furthermore, the PIESs described in this report are referred to as version 1, as enhancementsin
these codes are anticipated as users needs are evaluated.

Although the GUI for MODFL OW-96 discussed in this report isafully functioning
graphical pre- and post-processor, it also allows the user to apply programmable features within
ArgusNE to meet the unique demands of the each modeling project. Thus, the GUI for
MODFLOW-96 is intended as a structure from which the user can add capability according to
the demands of the modeling project.

Thisreport isintended as a description of the use of the PIEs as graphical pre- and post-
processors for MODFLOW-96. This report is not intended as a description of the programming
that has been used to develop the PIEs ; however, the source codes for the PIEs (devel oped with
Microsoft Visual C++) are available for those who wish to modify or augment the graphical pre-
and post-processing capability developed in this version. Furthermore, it is assumed that the
reader has a knowledge of the basic data requirements and underlying principles for using the
USGS modular, three-dimensional, finite-difference, ground-water flow model. McDonald and
Harbaugh (1988) and Harbaugh and McDonald (1996a, 1996b) provide thorough discussions of
principles underlying MODFL OW-96. In addition, it is assumed that the reader has a knowledge
of the general attributes and use of ArgusNE. Information about ArgusNE can be obtained from
the ArgusNE User’s Guide (Argus Interware, 1997a) and the World-Wide Web site for Argus
Interware (http://www.argusint.com).

SYSTEM REQUIREMENTSAND INSTALLATION



The pre- and post-processing GUI developed for MODFLOW-96 and described in this
report uses Argus Numerical Environments (ArgusNE) version 3.0 (revision s). More recent
versions of ArgusNE also are compatible with the GUI for MODFLOW-96. ArgusNE operates
on multiple computing platforms, however, the GUI discussed in this report has been developed
only for computers operating under Windows 3.11, Windows 95 and Windows NT. Optimal
operation of ArgusNE requires a Pentium 100 Mhz processor with 16 MB of RAM, 7 MB of free
disk space and a video card capable of displaying 256 colors; however, capability to use 65,000
colors is recommended.

The pre- and post-processing GUI for MODFL OW-96 consists of four files,
MFGUI_10.DLL and MFPOST10.DLL , MODFLOW.MET and MODFLOW.VAL. Thefile
MFGUI_10.DLL isthe PIE associated with preprocessing of simulation controls and geospatial
information for MODFLOW-96. The fileMFPOST10.DLL isthe PIE associated with
postprocessing visualization of hydraulic head and drawdown solutions from MODFL OW-96.
The file MODFLOW.MET isthe ArgusNE export template used with MFGUI_10.DLL to export
simulation control and geospatial information into ASCI| files that are read by MODFL OW-96.
The file MODFLOW.VAL consists of default values for ssmulation control parameters used with
MFGUI_10.DLL.

The pre- and post-processing PIEs for MODFLOW-96 have been devel oped using
Microsoft Visual C++. The source codes for the PIES are available at the World-Wide Web site
http://water .usgs.gov/softwar e/ along with the files discussed above; thisinformation is
included under the category Ground Water. Additional information about ArgusNE can be
found on the World-Wide Web site http://www.ar gusint.com.

To use the pre- and post-processing PIEs for MODFLOW-96 with ArgusNE, the files
MFGUI_10.DLL and MFPOST10.DLL , MODFLOW.MET and MODFLOW.VAL must be
placed in the directory ArgusPI E (or within adirectory in the ArgusPIE directory) under the
ArgusNE application. ArgusNE searches the ArgusPI E directory upon being launched and loads
those PIEs that it encounters.

The executable version of MODFLOW-96 (MODFLW96.EXE) is assumed to be located
in adirectory with the pathname C:\MODFLW96.3 1\BIN; the full pathname of the executable
for MODFLOW-96 is assumed to be C:\MODFLW96.3_1\BIN\MODFLW96.EXE. If the
executable version of MODFLOW-96 is located in another directory, the MODFLOW.MET file
in the ArgusPIE\mfguil1.0 directory must be edited using a text editor that can save filesin an
ASCII format. The pathname of the executable version of MODFLOW-96 is given in the second
line from the bottom of the file. Thisline currently reads:

Execute external code: "C:\MODFLW96.3_1\BIN\MODFLW96.EXE"

The pathname in quotation marks should be replaced with the full pathname of the executable
version of MODFLOW-96.

LAUNCHING THE PREPROCESSOR AND SAVING PROJECT INFORMATION
The preprocessing PIE for MODFL OW-96 automates the use of ArgusNE to create the

appropriate GIS coverages or layers for MODFL OW-96 automatically and install menus and

dialogs specific to MODFL OW-96 that can be invoked from within the ArgusNE application.



With the filesMFGUI_10.DLL, MODFLOW.MET and MODFLOW.VAL inthe
ArgusPIE directory, launching ArgusNE will automatically load the PIE needed to launch the
preprocessing interface for MODFLOW-96. After launching ArgusNE, the MODFL OW-96
preprocessor islaunched by selecting the New M ODFL OW Proj ect menu item from the File
menu . The MODFL OW-96 Preprocessor dialog box shown in Figure 1 appears on the screen.
This dialog box is composed of a series of tab-dialog boxes in which project information is
entered for MODFLOW-96 simulations. The titles of the tab dialog boxes are:

Project

Geology

Misc. Controls

Stresses/Solvers

Time

Output Files

Output Controls

Solver (where Solver is one of the following, PCG, SOR, DE4, or SIP)

The Project Information dialog boxes are used to enter simulation control parameters and
other nonspatial information. Geospatial information, such as the spatial distribution of physical
parameters, is created or imported in geospatial information layers, which will be described in a
subsequent section.

The cursor is used to move from one tab dialog box to the next by clicking the tab of the
desired dialog box. After information is entered into the tab dialog boxes, clicking the OK button
prepares the set of geospatial information layers prescribed in the MODFLOW-96 Preprocessor
that are to be used in the MODFLOW-96 simulation; control is then returned to the ArgusNE
application. Clicking the Cancel button ignores any changes made in the tab-dialog boxes. The
OK or Cancel button can be clicked at any time while editing project information for the
MODFLOW-96 simulation; it is not necessary to access all of the tab dialog boxes before using
the OK or Cancel buttons. Existing information in the MODFL OW-96 Preprocessor tab dialog
boxes can be edited using the Edit Project Info menu item in the Edit menu, which causes the
tab-dialog boxes to appear on the screen where information can again be entered and edited.

The project information for the MODFL OW-96 simulations as well as any information
entered into the geospatial information layersin the ArgusNE application is saved by using the
Save or Save As... command in the File menu. Launching ArgusNE application and opening an
existing file containing MODFL OW-96 simulation information will retrieve the project
information in the MODFL OW-96 Preprocessor tab dialog boxes and the geospatial information
that was entered previoudly.
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Figure 1. MODFL OW-96 preprocessor dialog box.

ENTERING AND EDITING INFORMATION IN THE MODFLOW-96
PREPROCESSOR

Geospatial information such as the spatial distribution of physical parametersis entered
into geospatial information layers as described in the Geospatial Information Layers section of
this report. The MODFL OW-96 Preprocessor dialog boxes are used to enter simulation control
parameters and other nonspatial information.

To enter project information for aMODFLOW-96 simulation, the MODFL OW-96
preprocessor is launched from the File menu by choosing New M ODFL OW Project. For an
existing project saved in an ArgusNE file, the preprocessor information is edited from the Edit
menu by choosing Edit Project Info. Either method causes the MODFL OW-96 Preprocessor
dialog boxes to appear on the screen. The information in these dialog boxes is synthesized to
build the structure of geospatial information layers needed for the MODFL OW-96 simulation. In
the following, the information in each of the preprocessor dialog boxes is described.

Project Dialog

Information related to the description of the simulation is entered in the Project tab dialog
box (Figure 1). The Project Name, Date and Description are editable fields used to describe the
simulation. Thisinformation is not exported to the files used by MODFLOW-96; it isstored in
an ArgusNE file and is provided as a convenience for archiving model information.



The two editable fields at the bottom of the Project dialog box entitled Project title are
exported to the ASCI|I files read by MODFLOW-96.

Geology Dialog

The information in the Geology tab dialog box (Figure 2) defines the basic geologic
structure of the three-dimensional modeled domain. In this dialog box, the number of geologic
unitsin asimulation is defined and attributes for these geologic units are specified. Here, it is
important to note that a distinction is made between geologic units and model layers. A geologic
unit may consist of one or more model layers. Geospatia properties of geologic units are
assumed to be constant over the thickness of a given geologic unit, however, these properties
may vary in the areal dimensions; a discussion of geospatial information for MODFLOW-96
simulationsis discussed in the following section.

The defaults for the Geology tab dialog box assume 3 geologic units, referred to as Top
Aquifer, Aquitard and Bottom Aquifer. The names and attributes of these geologic units can be
edited, by using the editable fields at the bottom of the dialog box and the M odify button at the
right of the dialog box. Geologic units also can be added and deleted by using the Insert and
Delete buttons at the right of the dialog box.

The order of the geologic unitsin the table is assumed to be the exact physical sequence
that is to be modeled. The top of the simulated sequence is associated with geologic unit 1, and
lower geologic unitsin the sequence are denoted by unit 2, unit 3, and so forth, for as many
geologic units as exist.
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Figure2. Geology dialog in MODFL OW-96 preprocessor .




Editing Attributes of Geologic Units

To edit attributes associated with a given geologic unit, click the desired geologic unit in
the table. The current attributes of that geologic unit will be placed in the editable fields at the
bottom of the dialog box. Modifications to the attributes of the geologic unit are made in the
editable fields at the bottom of the dialog box. Clicking the M odify button accepts the changes
made in the editable fields and these changes are entered in the table at the top of the dialog box.

Deleting a Geologic Unit

To delete a geologic unit from the list, the cursor is moved to the table listing the
geologic units. Clicking the row in the table highlights the information and then clicking the
Delete button removes the geologic unit from the list. The remaining geologic units are
renumbered. It isimportant to note that deleting a geologic unit will delete the geospatial
information layers and all information in those layers. This information will be deleted once the
OK button is clicked; clicking the Cancel button will cancel changes made in the dialog boxes.
If the attributes and the geospatial information of the geologic unit may be needed at a later time,
to avoid entering or importing this information again, the project information should be saved to
another filename by first exiting the dialog boxes and using the Save As... command in the File
pull-down menu.

Adding a Geologic Unit

To add ageologic unit, the cursor is moved to the table listing the geologic units and a
row is select by clicking on it. Clicking the I nsert button adds a geologic unit below the
highlighted geologic unit. Attributes associated with the selected geologic unit are copied to the
new geologic unit. The geologic units are then renumbered to reflect the addition of the new
geologic unit.

Attributes of Geologic Units

Number is the sequence number of the geologic unit. The sequence number is assigned
by the order of the geologic units, where the top most geologic unit is unit 1. The sequence
number is not an editable attribute of the geologic unit, it can be changed only by inserting or
deleting geologic units.

Name is the name of the geologic unit. Thisfield is only intended for descriptive
purposes. Geospatial information will be referenced to the sequence number (Unit 1, Unit 2 and
so forth), not the name of the geologic unit.

Smulated is a flag indicating whether the geologic unit isto be simulated or not.
Simulating the geologic unit implies that a hydraulic head solution will be achieved in the model
layers of that geologic unit. Not simulating a geologic unit implies that the geologic unit is
treated as a semi-confining unit and quasi-steady vertical flow is assumed to exist through that
unit. Under such an assumption, a hydraulic head solution is not generated for the nonsimulated
unit, however, hydraulic and topographic properties (in particular, the vertical hydraulic
conductivity and top and bottom elevations) of that unit are used in preparing the information
needed to solve for the hydraulic heads in the adjacent ssmulated geologic units. More than one



nonsimulated geologic unit can be placed between simulated geologic units. If nonsimulated
geologic units are located at the top or bottom of the sequence of geologic units, they do not
effect the solution for hydraulic head in the simulated geologic units in between.

For anonsimulated geologic unit, only the vertical hydraulic conductivity and top and
bottom elevation of the unit are used in generating information that is eventually exported for
executing MODFL OW-96. Entering or importing this information will be described in detail in
the following section. However, other geospatial information can be stored in the other
geospatial information layers of a nonsimulated geologic unit in the event that the nonsimulated
geologic unit will be changed to a ssimulated geologic unit.

Interblock Transmissivity is the method of computing the interblock transmissivity in a
given geologic unit. A pop-up menu provides the choices for this parameter, which are harmonic
mean, arithmetic mean, logarithmic mean and arithmetic mean of saturated thickness and
logarithmic mean of transmissivity. (For the last option, the Matrix Storage parameter in the
Misc. Controls dialog box discussed below must be set so that the storage in the arrays BUFF
and RHS is separate.) More information about the choices for interblock transmissivity is
provided in Goode and Appel (1992) and Harbaugh and McDonald (1996a, 1996b).

Aquifer Typeisthe type of aguifer (confined, unconfined or convertible) for the geologic
unit. Only the uppermost simulated geologic unit can be an unconfined aquifer. For an
unconfined geologic unit that is divided into more than one model layer, the top layer is assumed
to be unconfined and subsequent layers are assumed to be convertible model layers. More
information about the choices for aquifer typeis provided in Harbaugh and McDonald (19963,
1996b).

Anisotropy Factor istheratio of hydraulic conductivity in the y-direction to the hydraulic
conductivity in the x-direction of the modeled domain. A value of 1 implies an isotropic
hydraulic conductivity.

Vertical Discretization isthe number of model layers associated with the geologic unit.
The model layers are assumed to be equally spaced in the vertical direction. The thickness of the
geologic unit can vary in the areal dimensions, however, at a given areal location the thickness of
the geologic unit isdivided into equally spaced model layersin the vertical direction.

M odeling Geologic Units That Are Not Areally Extensive

The conceptual model of a sequence of geologic units implicitly assumes that geologic
units are areally extensive in the modeled domain. Geologic units that are not areally extensive
can also be modeled. To model geologic units that pinch out, a conceptual picture similar to that
shown in Figure 3 must be used; Figure 3 is a cross section of a series of geologic units, where
one of the units pinches out. A geologic unit that pinches out is assumed to be areally extensive
with afinite thickness at all pointsin the areal dimensions; however the hydraulic properties of
the geologic unit are made to vary in the areal dimensionsto reflect the pinching out of the
geologic unit.
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Figure 3. Schematic diagram of a geologic unit that isnot areally
extensive.

Misc. Controls Dialog

In the Misc. Controls tab dialog (Figure 4), control information used in MODFL OW-96
simulationsis specified. The control information is entered directly in the editable fields or from
options provided in pop-up menus.

In the upper half of the dialog box, severa of the control parameters Basic Package of
MODFLOW-96 are specified. Harbaugh and McDonad (1996a, 1996b) provide additional
information about the definition of these control parameters.

Matrix Storage defines storage locations for arraysin MODFLOW-96. Two options are
provided in the pop-up menu; the vectors “BUFF, RHS occupy the same storage space” or
“BUFF, RHS occupy different storage space.” If the interblock transmissivity for any of the
geologic units specified in the Geology Dialog is defined as having an arithmetic mean of
saturated thickness and logarithmic mean of transmissivity, then matrix storage should be
specified such that “BUFF, RHS occupy different storage space.”

Keep Initial Heads defines whether the initial hydraulic heads are to be stored for usein
calculating drawdowns. Two options are provided in the pop-up menu; “initial heads are not
kept” and “initial heads are kept.” If drawdown is to be calculated from the hydraulic head
solution and printed to the listing file or to external files for the postprocessing visualization,
then the initial heads must be kept.



MODFLOW Data5ets

F'ru:uieu:tl Geology Mizc. Controls | Stressesfﬁnlversl Time I Cutpuk Filesl Cutpuit Eu:untn:ulsl PCG I

— Mizcellaneous Control: for MODFLOW Simulation

batrix Storage: IEUFF, RHS occupy zame zpace [0] j [lAPART]
Keep Initial Heads: | Iritial Heads are not kept (0) =] ISTRT]
Head Yalue for Inactive Cells: IEIEIEIEIEIEI [HMOFLO]

Mizc. Control OPTIOMN:

— Controlz for Rewetting Dy Cells in MODFLOW Simulation

Wetting Flag: IWetting Capability Inactive [0] j [ DFLG)
Head Azzigned to Dy Cells: I-EIEIEI'EIEIEI [HDFY]

Wwietting Factor: |05 [WETFCT)

Check far Wetting Cells: |1 [terations [METIT]

E quation for Rewetting Cells: |h = BOT +WETFCT [WETDRY] (1) || (HDWET]

k. I Cancel

Figure4. Misc. Controlsdialog in MODFL OW-96 preprocessor .

Head Value for Inactive Cellsis the hydraulic head assigned to no-flow cells
(IBOUND=0) in the finite-difference grid at the start of the simulation. Additional information
about the IBOUND array can be found in Harbaugh and McDonald (1996a).

Misc. Control Options specifiesif flow between adjacent constant head cellsisto be
calculated or not.

In the lower half of the dialog box, controls for rewetting dry cells are entered. Harbaugh
and McDonald (1996a, 1996b) provide additional information about the definition of these
parameters.

Wetting Flag is the flag that specifies whether the wetting capability isinactive or active.

Head Assigned to Dry Cellsis the head assigned to cells that have gone dry during the
simulation.

Wetting Factor is the factor that isincluded in the equation for rewetting cells. The
equation for rewetting cellsis given in the pop-up menu labeled “ Equation for Rewetting Cells.”.

Check for Wetting Cellsisthe iteration interval for attempting to rewet cells.
Equation for Rewetting Cells is the equation to define the initial head at cells that become
wet, where BOT is the bottom of the modeled layer, WETFCT is specified in the editable field

given above (Wetting Factor) and WETDRY is defined from the geospatial information layer
Wetting Threshold.

10



Stresses/Solver s Dialog

In the Stresses/Solverstab dialog box (Figure 5), the fluid stresses that are applied in the
MODFL OW-96 simulation are defined along with the choice of the solver that is used in solving
the matrix of equations generated from the finite-difference discretization of the ground-water
flow equations. This version (version 1) of the preprocessor for MODFLOW-96 has included the
following fluid stress packages discussed in McDonald and Harbaugh (1988) and Harbaugh and
McDonad (1996a);

Recharge,

Rivers,

Wells

Drains

General Head Boundary.
Evapotranspiration.

In addition, the following solvers discussed in Harbaugh and McDonald (1996a), Hill
(1990) and Harbaugh (1995) have been included in the preprocessor for MODFL OW-96;

SIP--Strongly Implicit Procedure

SOR--Slice-Successive Overrelaxation Method
PCG--Preconditioned Conjugate-Gradient Method
DE4--Direct-Solution Package with Alternating Diagona Ordering

MODFLOW DataSets
Project I enlogy I Mizz. Contrals  Stresses/Sobvers | Time I Output Files I Output Controls I PCG I
— Stregz ez Applied to MODFLOYW Simulation
Recharge: ™ RCH: IStead_l,l stress [0) j
Recharge optioh code; IHecharge iz ta bop laver anly [1] j [MRCHOF)
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Dirairs: [ DBEM ISteady stresz (0] j
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Evapotranspiration: [ EMT IStead_l,l gtrezz (0] j
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Strongly Implicit Procedure: 5P Preconditioned-Conjugate Gradient: &+ PCG
DE4 = DE4 Slice-Successive Ovenelaxation: ¢ SO

] I Caricel

Figureb5. Stresses/Solversdialog in MODFL OW-96 preprocessor .
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Choosing Stress Packages

To include a particular stress package in the MODFLOW-96 simulation, the box adjacent
to the named stressiis clicked. Boxes with check marks indicate stresses that are to be included in
the MODFLOW-96 simulation. The fluid stresses that are included in a MODFLOW-96
simulation will have geospatial information layers created in which to import or create
information for the fluid stress under consideration. A discussion of importing or creating
information for the stress packagesis given in the following section.

Also associated with each stress package is a pop-up dialog box with two options;
“steady stress’ or “time-variable stress”. If the “ steady stress” option is chosen, then the stress
information is assumed to be constant throughout the entire simulation. If the “time-variable
stress’ option is chosen, then time-variable information associated with that stress package must
be entered for each of the stress periods. A discussion of entering time-variable information for
fluid stressesin MODFLOW-96 simulationsis given in the following section.

For the recharge and evapotranspiration fluid stresses, an additional control parameter is
provided for each to orient the applied stressin the vertical dimension. For the recharge stress,
the three options are “recharge isto top model layer only,” “vertical recharge specified,” and
“recharge applied to highest active cell.” The first and third option do not require geospatial
information, although a geospatial information layer defining the recharge elevation is provided
in the event that this option is changed. The second option uses the spatial distribution of the
recharge elevation specified in ageospatial information layer to define the location in the vertical
dimension where recharge is applied.

For the evapotranspiration stress, two options are provided; these are “ET calculated at
top of grid” and “vertical distribution of ET specified in ET surface.” The first option applies
evapotranspiration to the top model layer of the domain, while the second option uses the spatial
distribution specified in the ET surface to identify the location of evapotranspiration in the
vertical dimension. A geospatial layer defining the evapotranspiration surface and other
parameters of evapotranspiration is created when the evapotranspiration stressis specified.

Choosing a Solver

At the bottom of the dialog box, radio buttons are given for the solvers that can be used in
solving the matrix equations generated in MODFL OW-96. Only one solver can be used at a
time. The solver to be used is accessed by clicking the radio button adjacent to its name. Clicking
the radio button associated with a given solver also changes the name of the last tab dialog box to
the name of the solver that is chosen. Parameters associated with the solver that is chosen are
edited in the dialog box with the solver name. In Figure 5, the PCG solver is chosen and PCG
appears asthetitle of the last tab dialog box.

Time Dialog
The Time tab dialog box (Figure 6) contains information related to the temporal controls

in MODFLOW-96 simulations. At the top of the dialog box, general temporal controls for the
simulation are specified.
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Transient/Seady Sate Flow is the flag used to specify whether a simulation is for steady-
state or transient flow conditions. A pop-up menu is provided to specify this option.

Time Unitsis the flag to identify the time units used in the simulation. A pop-up menu
provides options for undefined time units, seconds, minutes, hours, days and years.

Number of Stress Periods displays the number of stress periods in the smulation; thisis
not an editable field. The number of stress periods can be changed only by adding or deleting
stress periods in the table at the bottom of the dialog box.

MODFLOW DataSets

F'r-:uieu:tl Geu:ulu:ug_l,ll Misc. I:::untn:ulsl Stresses/Solvers  Time |Dutput Filesl Clutpt I:-:untru:ulsl PCG I

— Temporal Control for MODFLOW! Simulation
Tranzient/Steady state flow: IStead_l,l-state flowe [1] j [155]

Time unitz: ILlnu:Iefineu:I 1] j [ITRALIMI]
Muriber of stress periods: [MPER]

M Lengthl Mo, of steps Multiglgerl
1 1 1 1

Length: |1 [FERLEM] |nzert |
Ma. of steps: I'I [METF) kadify I
Multiplier: |1 [TSKLLT] Delete |

]9 I Cancel |

Figure®6. Timedialog in MODFL OW-96 preprocessor .

Editing Attributes of Stress Periods

To edit attributes associated with a given stress period, the cursor is moved to the table
listing the stress periods in the middle of the dialog box; clicking one of the rows of the table
places the current attributes of the stress period in the editable fields at the bottom of the dialog.
Modifications to the attributes of the stress period are made in the editable fields at the bottom of
the dialog box. Clicking the M odify button accepts the changes made in the editable fields and
these changes are displayed in the table at the middle of the dialog box.

Deleting a Stress Period
To delete a stress period from the list, the cursor is moved to the table listing the stress

periods. Clicking the row in the table highlights the information and then clicking the Delete
button removes the stress period from the list, and the remaining stress periods are renumbered.
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It isimportant to note that deleting a stress period will remove the information associated with
that stress period in the geospatial information layers. This information will be deleted once the
OK button is clicked; clicking the Cancel button will cancel changes made in the dialog boxes.
If the temporal information in the geospatial information layers may be needed at a later time, to
avoid entering or importing that information again, it is recommended that the project
information be saved to another filename by first exiting the dialog boxes and using the Save
As... command in the File pull-down menu.

Adding a Stress Period

To add a stress period, the cursor is moved to the table listing the stress period and arow
of the table is highlighted by clicking on it. Clicking the I nsert button adds a geologic unit below
the highlighted stress period. Attributes associated with the stress period above are copied to the
new stress period. The stress periods are then renumbered to reflect the addition of the new stress
period.

Attributes of Stress Periods

Length isthe length of the stress period in the time units specified in the upper part of this
dialog box.

No. of stepsis the number of time steps in the stress period.
Multiplier isthe multiplier for the length of successive time steps in the stress period.

Based on the length of the stress period and number of time steps in the stress period, theinitial
time step sizeis defined as

_ TSMULT —1
At, = PERLEN
' TSMULT ™™ —

where PERLEN isthe length of the stress period, NSTP is the number of time steps in the stress
period, TSMULT isthe multiplier for the stress period and Dt, is the size of the first time step.

Time-Varying and Steady Stresses

Each of the fluid stress packages in the Stresses/Solvers dialog can have time-varying
stresses specified, where the stress is constant within a stress period, but changes from one stress
period to the next. In the geospatial information layers associated with a given fluid stress, a
dialog will appear where the time-varying stress is entered for each of the stress periods. In the
following section, a discussion of entering the time-varying stresses will be discussed for each of
the fluid stresses considered in MODFL OW-96.

In the Stresses/Solvers dialog, a“steady stress’ can also be specified for afluid stress. In
this case, the fluid stress specified in the first stress period will be used for al stress periodsin
the simulation. In the geospatial information layers associated with fluid stresses that are defined
to be a“steady” stresses, the dialog where the time-varying stresses are entered will show all the
stress periods, however, only information in the first stress period will be considered in the
simulation. The other stress periods are listed in the event that the user may wish to change the
fluid stress from “steady” to “time varying.”
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Output FilesDialog

In the Output Files tab dialog (Figure 7), the root name for the data and output files
associated with the MODFLOW-96 simulation is specified aong with the types of external files
(other than the listing file) that are to be generated when MODFL OW-96 is executed.
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Figure?. Output Filesdialogin MODFL OW-96 preprocessor .

Root Name of Data and Output Files

The “root name” for al files associated with the ssmulation is specified in the editable
field at the top of the dialog box. The same “root name” is given to all datafiles for the
MODFLOW-96 simulation and all files with simulation results that are created. The extension
associated with a given file will specify the type of information in that file. The types of file
extensions will be discussed in the section “Creating Data Files and Executing MODFL OW-96.”

Head/Dr awdown Solutions

Hydraulic head and drawdown solutions from a MODFL OW-96 simulation can be
exported to formatted text files or binary datafiles. For the hydraulic head and drawdown
solutions, a pop-up menu is used to choose either of these file types, or “none” to indicate that an
external file with hydraulic head or drawdown results will not be generated when executing
MODFLOW-96. If the drawdown solution is to be stored to an external file, then the flag for
keeping the initial hydraulic heads specified in the Misc. Controls dialog must be set to “keep the
initial hydraulic heads.”
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If the postprocessing PIE for MODFLOW-96 discussed in this report is to be used, then
the hydraulic head and/or drawdown solutions from the MODFL OW-96 simulations must be
stored in formatted text files.

Céell-by-Cell Flows

Cell-by-cell flows derived from the volumetric budgets prepared by MODFLOW-96 are
always stored in binary files. Cell-by-cell flows can be stored in asingle binary file, or a separate
binary file can be generated for each type of fluid stress, as well as the cell-by cell flows from the
Block-Centered Flow (BCF) package. Boxes checked at the bottom of the Output Files dialog
indicate that an option is active. For example, if the cell-by-cell flows are to be gathered into one
file, the cursor is used to check the box in front of “gather all cell-by-cell binary output into one
file.” Specifying the export of the cell-by-cell flows for each of the stress packages and the BCF
package is done separately by checking the appropriate boxes at the bottom of the dialog.

A new feature in MODFL OW-96 offers a more compact means of storing binary files
having the cell-by-cell flow information. If this option box is checked, binary fileswill be stored
in acompact format that requires less disk space; however, programs that read binary files
generated from previous version of MODFLOW will have to be modified to read the compact
format. If this option box is not checked then the method of storing binary files used in previous
versions of MODFLOW is used.

Output Controls Dialog
In the Output Controls tab dialog (Figure 8), the frequencies of printing hydraulic head

and drawdown solutions are specified along with the frequencies of printing the overall
volumetric budget and the cell-by-cell flows.
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Figure8. Output Controlsdialog in MODFL OW-96 preprocessor.

Output in MODFLOW-96 Listing File

In the top of the dialog, the frequencies for including the hydraulic head and drawdown
solution and the overall volumetric budget in the MODFLOW-96 listing file are specified. The
frequencies of printing these resultsin the listing is given in the three options in the pop-up
menu; these options are “none,” “each Nth time step” and “last time step of each stress period.”
When the second option is used, the value of N is specified in the editable field at the right of the
dialog. If adrawdown solution isto be printed in the MODFLOW-96 listing file, then the flag
for keeping the initial hydraulic heads specified in the Misc. Controls dialog must be set to “keep
theinitial hydraulic heads.”

Output to External Files

If the hydraulic head solution, the drawdown solution or cell-by-cell flows are to be
exported to external files, the frequencies of exporting this information to external files are
specified in the editable fields at the bottom of the dialog. The editable fields for specifying the
frequency of output to external files will be operational only if these files are specified in the
Output Files dialog. The frequency of printing resultsin external filesis given in the three
options in the pop-up menu; these options are “none,” “each Nth time step” and “last time step of
each stress period.” When the second option is used, the value of N is specified in the editable
field at the right of the dialog. If adrawdown solution isto be exported to an external file, then
the flag for keeping the initial hydraulic heads specified in the Misc. Controls dialog must be set
to “keep theinitial hydraulic heads.”

Solver Dialog
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Choosing a solver in the Stresses/Solvers dialog specifies the name of the solver in the
title of the final tab dialog box of the MODFL OW-96 Preprocessor. Only one solver can be used
in the simulation. The parameters associated with the operation of that solver are specified in
editable fields and pop-up menusin the solver dia og.

SIP--Strongly Implicit Procedur e Package

The parameters listed below are defined in the dialog when using the SIP solver (Figure
9). Additional information about the SIP package can be obtained from McDonald and Harbaugh
(1988) and Harbaugh and McDonald (1996a).

MXITER is the maximum number of iterations allowed in atime step.

NPARM is the number of iteration parameters.

ACCL isthe acceleration parameter.

HCLOSE is the maximum absolute change in the hydraulic head from one iteration to the
next used in accepting the hydraulic head solution. The change in the hydraulic head solution
from al modeled cells must be less than or equal to HCLOSE.

IPCALC isthe flag indicating whether the seed for calculating iteration parameters will
be specified or calculated internally.

WSEED isthe seed for calculating iteration parameters. This parameter isignored if
IPCALC is set to generate the seed internally to the program.

IPRSIP isthe printing interval for information about the solution. The maximum head

changeis printed for each iteration of atime step whenever the time step is an even multiple of
IPRSIP. The printout also is generated at the end of each stress period.
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Figure9. SIP Package dialog in MODFL OW-96 pr epr ocessor

SOR--Slice-Successive Overrelaxation Package

The parameters listed below are defined in the dialog when using the SOR solver (Figure
10). Additional information about the SOR package can be obtained from McDonald and
Harbaugh (1988) and Harbaugh and McDonald (19964).

MXITER is the maximum number of iterations allowed in atime step.

ACCL isthe acceleration parameter.

HCLOSE is the maximum absolute change in the hydraulic head from one iteration to the
next used in accepting the hydraulic head solution. The change in the hydraulic head solution
from all modeled cells must be less than or equal to HCLOSE.

IPRSOR is the printing interval for information about the solution. The maximum head

changeis printed for each iteration of atime step whenever the time step is an even multiple of
IPRSOR. The printout also is generated at the end of each stress period.
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Figure10. SOR Package dialogin MODFL OW-96 preprocessor .

PCG--Preconditioned Conjugate-Gradient Package

The parameters listed below are defined in the dialog when using the PCG solver (Figure
11). Additional information about the PCG package can be obtained from Hill (1990).

MXITER is the maximum number of outer iterations.

ITERL is the maximum number of inner iterations.

NPCOND isthe flag to select the matrix preconditioning. NPCOND=1 indicates the use
of the modified incomplete Cholesky method. NPCOND=2 indicates the use of the polynomial
method.

HCLOSE is the maximum absolute change in the hydraulic head from one iteration to the
next used in accepting the hydraulic head solution. The change in the hydraulic head solution
from all modeled cells must be less than or equal to HCLOSE.

RCLOSE is the maximum absolute residual used to accept the hydraulic head solution.

RELAX is the relaxation parameter.

NBPOL is used only when NPCOND=2 and indicates the upper bound of the maximum

eigenvalue. NPBOL =2 specifies the maximum eigenvalue to be 2. The other option forces the
eigenvalue to be calculated.
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IPRPCG isthe printing interval for the solver. Information is printed for each iteration of
atime step whenever the time step is an even multiple of IPRPCG. The printout also is generated
at the end of each stress period.

MUTPCG isthe flag controlling the information that is to be printed.

IPCGCD isthe flag used when NPCOND=1 to control whether the same Cholesky
decomposition isto used repeatedly.

MODFLOW DataSets
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Figurell. PCG Packagedialogin MODFL OW-96 preprocessor.

DE4--Direct-Solution Package with Alternating Diagonal Ordering

The parameters listed below are defined in the dialog when using the DE4 solver (Figure
12). Additional information about the DE4 package can be obtained from Harbaugh (1995).

ITMX is the maximum number of iterations allowed in atime step.
MXUP is the maximum number of equations in the upper part of the equations to be

solved. If set to 0, the program will calculate MXUP. Harbaugh (1995) provides information on
defining this parameter.
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Figure12.  DE4 Packagedialog in MODFL OW-96 preprocessor .

MXLOW is the maximum number of equationsin the lower part of the equationsto be
solved. If set to O, the program will calculate MXLOW. Harbaugh (1995) provides information
on defining this parameter.

MXBW is the maximum bandwidth plus 1 of the [AL] matrix. If set to O, the program will
calculate MXBW.

IFREQ isthe flag indicating the frequency at which coefficientsin the [A] matrix change.
The pop-up menu provides the three options; IFREQ=1 indicates constant linear flow equations
with constant coefficients throughout the simulation; |IFREQ=2 indicates linear flow equations,
but coefficients associated with hydraulic head in fluid stresses change at the beginning of a
stress period; IFREQ=3 indicates nonlinear flow equations.

MUTDA4 isthe flag indicating the information that is to be printed when convergence
information is printed for a given time step. The pop-up menu provides the three options,
MUTDA4=0 indicates printing the number of iterations and the maximum head change;
MUTD4=1 indicates printing of only the number of iterations; MUTD4=2 indicates no
information is printed.

ACCL isthe multiplier for the computed head change for each iteration.
HCLOSE is the maximum absolute change in the hydraulic head from one iteration to the

next used in accepting the hydraulic head solution. The change in the hydraulic head solution
from al modeled cells must be less than or equal to HCLOSE.
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IPRDA4 is the printing interval for information about the solution. The maximum head
change is printed for each iteration of atime step whenever the time step is an even multiple of
IPRSIP. The printout also is generated at the end of each stress period.

GEOSPATIAL INFORMATION LAYERS

ArgusNE offers a GIS environment where two-dimensional coverages or layers are
superimposed over each other. Note that the term “layer” in the context of ArgusNE does not
have the same meaning as a modeled layer in a MODFLOW-96 finite-difference grid. Each layer
in ArgusNE can be accessed and information can be generated using drawing tools that are part
of ArgusNE, or spatial information can be imported from avariety of sources including text files,
DXF filesand ARC/Info Shape files. Additional information about importing geospatial
information into ArgusNE layers can be found in ArgusNE User’s Guide and the World-Wide
Web site for Argus Interware (http://www.argusint.com).

In this section, the geospatial information layers generated as part of the MODFLOW-96
preprocessor are described; these include topographic, hydrologic, fluid stress and finite-
difference geospatial information layers. Before executing MODFL OW-96, appropriate
information must be entered into the geospatial information layers to describe the physical and
hydrologic setting for the ground-water flow simulation and the numerical discretization of the
modeled domain. To initiate this discussion on geospatial information layers, a brief summary of
the types of geospatial information layers provided in the ArgusNE application is given.

Geospatial Information Layersin ArgusNE

ArgusNE supports several types of two-dimensional coverages or layers; these layer
types are referred to as quadrilateral mesh, triangular mesh, finite-difference grid, map, domain,
data and information layers. MODFL OW-96 is based on the finite-difference method, thus, the
quadrilateral and triangular mesh layers which are used for finite-element numerical models are
not used here.

Map layers provide avisual base for other geospatial information layers; information in
map layers cannot be linked to other layers for use in the simulation. Map layers also can be used
to visualize point data from ArgusNE Data layers using avariety of visualization tools provided
in ArgusNE. The postprocessing visualization of hydraulic heads and drawdown for
MODFLOW-96 simulations is generated in a map layer.

A domain layer specifiesthe areal extent of the modeled domain. The domain layer is
used by the finite-difference grid layer to create the finite-difference grid for the numerical
simulation.

Data layers allow scattered, girdded or meshed (point-wise) data to be imported which
can then be linked to the finite-difference grid or visualized in map layers.

Information layers allow one to describe the distribution of geospatial information in the
form of open contours, closed contours and point contours (similar to topographic map
contours). This contour information is interpreted to define the spatial variability of the
information in the layer. Various interpolation methods are available within ArgusNE for this
purpose. Thisinformation can then be linked to the discretization in the finite-difference grid
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layer and can be eventually exported in aformat that can be read by MODFLOW-96. Geospatial
information created or imported in information layers does not need a prior knowledge of the
finite-difference grid. The finite-difference grid is superimposed on information layers and the
information within grid cellsis extracted. Thus, it is easy to change discretization without
affecting the underlying geospatial information.

A finite-difference grid layer allows afinite-difference grid to be generated based on the
domain layer. The finite-difference grid layer can take advantage of a special type of information
layer, referred to as a density layer, to automatically increase or decrease the density of finite-
difference grid linesin selected regions of the modeled domain; grid lines also can be edited
manually.

Additional information about the attributes of these types of layers and linking
information between layers, as well as the methods of importing and exporting information to
these layersisavailable in the ArgusNE User’'s Guide.

Creating Geospatial Information Layersin the M ODFL OW-96 Pr epr ocessor

The MODFL OW-96 Preprocessor dialog boxes are used to specify the simulation control
parameters and create the geospatial information layers needed for the simulation of ground-
water flow using MODFLOW-96. After preparing all information in the MODFL OW-96
Preprocessor dialog boxes and clicking the OK button, control is returned to the ArgusNE work
space. Clicking the button adjacent to the Argus logo above the work space opens the floating
window of geospatial information layers created by the MODFL OW-96 preprocessor (Figure
13). The checked layer isthe active layer and an “eye” indicates whether alayer isvisible or not.

Geospatia information layers are created for each geologic unit that is specified in the
Geology tab dialog box within the MODFL OW-96 Preprocessor. In addition, geospatial
information layers are created within each geologic unit for each of the fluid stresses that are
specified; the exceptions are for the recharge and evapotranspiration stresses which have one
geospatial information layer each. If additional geologic units or fluid stresses need to be
specified, the project information can be edited at any time using the Edit Project Info
command in the Edit menu. If new geologic units are added or removed, the geospatial
information layers are renumbered to reflect the new order associated with the geologic units.
Caution should be used in deleting geol ogic units in the Geology dialog as thiswill result in the
loss of all geospatial information prepared for the geologic unit under consideration. If this
information isto be used at alater time, it is recommended that the project information be saved
to another filename by first exiting the dialog boxes and using the Save As... command in the
File pull-down menu.

In the following, the geospatial information layers created by the MODFL OW-96
preprocessor are described. Reference to geospatial information layers for geologic unitsis
denoted by [i], where the “i” denotes the sequence number of the geologic unit. Furthermore,
geospatial information layers denoted by [i] indicate that a geospatial information layer of that
type will be created for each geologic unit specified in the Geology dialog in the MODFL OW-96
Preprocessor.
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Figure13.  ArgusNE work space and floating layers window.
Drawing Size, Scale and Units

Prior to creating or importing information in geospatial information layers, it is
recommended that the user specify the drawing size of the work space, as well as the scale and
units of the modeling project. Thisinformation can be entered from the Drawing Size... and
Scale and Units... commands in the Special pull-down menu. The Argus User’s Guide provides
information on setting attributes in the dialog boxes that appear when these commands are used.

General Model Information Layers
Map Unit[i]
For each geologic unit, amap layer is created by the MODFL OW-96 preprocessor. Map
information can either be imported from text, DXF or ARC/Info Shape files, or generated using
the drawing tools on the tool palette (to the left of the work space). Details regarding importing

map information can be found in the ArgusNE User’s Guide and the ArgusNE Web site;
information on the operation of the drawing tools can be found in the ArgusNE User’s Guide.
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Map information is only used as avisual basis for other geospatial information layers.
Objectsin map layers (lines, points and other vector objects) can be copied from the map layer
and pasted into other geospatial information layers where attributes associated with the
geospatial information layer can be assigned to these objects. For example, if the boundary line
on amap is associated with a prescribed hydraulic head, the boundary line can be copied from
the map layer to the Prescribed Head Unit[i] layer. Information about copying and pasting
objectsin ArgusNE can be found in the ArgusNE User’s Guide.

M ODFL OW Domain Outline

The MODFLOW Domain Outline layer contains the closed boundary that represents the
maximum areal extent of the simulated regions from all geologic unitsin the vertical sequence.
Because a three-dimensional simulation is visualized on atwo-dimensional areal surface, the
domain outline specified in this layer must be the union of the simulated regionsin al of the
geologic units. To account for the fact that each geologic unit may have adifferent smulated
domain, a geospatial information layer for each geologic unit, referred to as Added I nactive
Area Unit[i], is created. Areas that are outside the simulated region in a given geologic unit but
lie within the model domain boundary specified in MODFL OW Domain Outline can be
defined as being inactive in the layer Added I nactive Area Unit[i].

The domain outline can either be generated with the domain drawing tool shown at the
left of the workspace in thislayer or it can be imported from text, DXF or ARC/Info Shape files.
Information on the operation of the domain drawing tools can be found in the ArgusNE User’s
Guide. If the domain outline is generated with the drawing tool, a dialog box will appear once a
closed domain has been specified. In the dialog box, the density of finite-difference grid linesis
specified as the average distance between grid lines in the units of the project.

Complex domain boundary shapes can be generated using the drawing tools. For
example, islands of inactive areas can be placed within a simulated domain outline. Information
on generating complex domain boundaries can be found in the ArgusNE User’s Guide.

Added Inactive Area Unit[i]

To account for the fact that each geologic unit may have adifferent smulated region in
comparison to the closed boundary represented in the MODFL OW Domain Outline layer,
regionsin the Added I nactive Area Unit][i] layer can be specified as being outside the modeled
region in the geologic unit under consideration. If no information is entered into this layer, itis
assumed that the domain outline in the MODFL OW Domain Outline layer isidentical to the
simulated region in the geologic unit under consideration. Furthermore, the information in the
layer Added I nactive Area Unit[i] isonly evaluated if the geologic unit is a simulated geologic
unit (see the attributes of geologic units in the Geology dialog of the MODFLOW-96
Preprocessor).

To specify an inactive area of a simulated geologic unit, select the “ closed contour” tool
from the tool palette and digitize a closed region. A discussion of the use of the contouring tools
isprovided in the ArgusNE User’s Guide. Upon closing the region adialog box appears and a
value of 0 (zero) must be entered into the dialog under the “Value” column. The value of zero
indicates that the closed region will be made inactive in the geologic unit under consideration.
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The shape of thisinactive area can be changed or the inactive area can be move; information on
performing these tasks is provided in the ArgusNE User’s Guide.

Topographic Information Layers

The preprocessor for MODFLOW-96 assumes that al datais referenced to the same
reference elevation or datum. For example, information in the fluid stress packages that refer to
elevations such asriver stages, elevations of drains, and so forth, must make use of the same
reference elevation as the topographic information layers. Furthermore, all geologic units must
have topographic information specified, including nonsimulated geologic units (that is, those
geologic units assumed to be semi-confining units with quasi-steady vertical |eakage).

The default elevations specified by the MODFLOW-96 preprocessor for the layers
Elevation Top Unit[i] and Elevation Bottom Unit[i] are set to a constant value of zero
throughout the modeled region. The user must change these elevations to reflect the topographic
information in the model simulation, otherwise errors will arise in executing MODFL OW-96.
Methods of changing the default elevation and creating spatially variable topographic
information are discussed below.

Elevation Top Unit[i]

Elevation Top Unit[i] specifies the top elevation of the geologic unit. The elevation of
the top of the geologic unit can be a constant or spatially varying in the areal dimensions.
Spatially varying elevation can be created using the contouring tools from the tool palette,
copying vector objects from other layers such as map layers and information layers, or by
importing information contours from text, DXF or ARC/Info Shape files. If the contouring tools
are used, all three contouring tools (closed, line or point) can be used to create a spatially varying
elevation. After a (closed, line or point) contour is applied to the work space, adialog will appear
where the value associated with the elevation contour can be entered.

To specify aconstant elevation, or default elevation, or change the method of
interpolating elevation, or program a spatially varying elevation for the top of the geologic unit,
the Layer s dialog must be used. Moving the cursor to the “Layers...” button in the floating
layers window and clicking(Figure 13), opensthe Layers dialog (Figure 14). Thelist at the top of
the dialog isthelist of layers. Highlighting the layer under consideration, in this case Elevation
Top Unit[i], inthat list by clicking it with the cursor shows the parameters associated with that
information layer in the table at the bottom of the dialog box. Moving the cursor to the “Value’
column and clicking and holding causes the “ expression” box to appear. Moving the cursor over
the “expression” box causes the Expression dialog to appear (Figure 15). A mathematical
expression, for example, anumerical value can be entered or another geospatial information
layer can be used as the expression for the top of the geologic unit. Clicking OK exits the
expression dialog. Clicking Cancel exits the expression dialog without modifying the value. The
interpolation method for the layer can be changed by using the pop-up menu at the bottom of the
layers dialog. More detailed information on using the L ayer s dialog and Expression dialog can
be found in the ArgusNE User’s Guide.
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If the spatial distribution of elevation is available by a set of scattered or gridded data

points, thisinformation can be imported. To do so, open the L ayer s dialog and select the layer to
be changed from an ArgusNE Information layer to an ArgusNE Datalayer. Moving the cursor to
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the Typefield of the layer and clicking and holding displays the pop-up menu. Selecting “ Data”
from the pop-up menu will convert the layer to an ArgusNE Data layer that will accept scattered
or gridded data points.

Elevation Bottom Unit[i]

The elevation for the bottom of a geologic unit can be specified in amanner similar to
that discussed for the layer Elevation Top Unit[i].

Consistent Elevations Between Geologic Units

In the MODFL OW-96 preprocessor, it is assumed that there will be no “gaps’ or
inconsistencies in the elevations between geologic units, for example, the bottom of geologic
unit 1 must equal the top of geologic unit 2. To insure that this occurs, the user should specify
the top elevation of geologic unit 1 and the bottom of all geologic units (1, 2, ...N) using the
methods discussed for layer Elevation Top Unit[i]. The top elevation of geologic units 2, 3, ...N
givenin layers Elevation Top Unit[i], i=2,3,...N can then be specified as being equal to the
bottom elevation of the preceding geologic unit in the sequence. To specify this equivalence, the
L ayersdialog must be used. Clicking the “Layers...” button at the top of the floating layers
window opens the Layers Dialog. Highlighting the layer under consideration, in this case
Elevation Top Unit[i], i=2,3,...N, by clicking it with the cursor shows the parameters associated
with that information layer in the list at the bottom of the dialog box. Moving the cursor to the
“Value’ column and clicking and holding causes the “expression” box to appear. Releasing the
cursor over the “expression” box causes the Expression dialog to appear. From the list of layers
at the bottom of the dialog, the layer Elevation Bottom Unit[i-1] is chosen by clicking it.
Double clicking the parameter name (in this case Elevation Bottom Unit[i-1]) in thelist to the
right, places this parameter in the expression at the top of the dialog box. Clicking OK applies
the change and exits the expression dialog.

If geologic units are deleted or added, the topographic information should be edited to
insure consistent elevations between geologic units.

Elevation of Top and Bottom of Model Layers

Specifying the elevation of the top and bottom of the geologic unit also specifies the
elevation of the top and bottom of each model layer in a geologic unit. The number of model
layersin ageologic unit is specified in the Geology dialog box in the MODFLOW-96
Preprocessor. Although the thickness of the geologic unit can vary in the areal dimensions, the
thickness of the geologic unit is divided into model layers of equal thickness at a given areal
location.

Hydrogeologic I nformation Layers
Prescribed Head Unit[i]
The point contour, line contour and closed contour tools in the tool palette can be used to
specify points, lines, and areas of prescribed head in the geologic unit. Objects copied from other

geospatial information layers, such as map layers, also can be used to specify locations of
prescribed head in the modeled geologic units. Also, locations of prescribed head can be
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imported from text, DXF and ARC/Info Shape files. Information concerning the use of the
contour tools and copying information from one layer to another and importing information from
filesis provided in the ArgusNE User’ s Guide. If the prescribed head distribution is available
through a set of data points, change the layer type to an ArgusNE Data layer and import that
information (see the procedure above in Topographic Information Layers).

After placing a contour of prescribed head (point, line or area) in the modeled domain a
dialog box appears where the value of the prescribed head is specified under the value columnin
the dialog. If an object was copied from another geospatial information layer or imported, double
clicking on the object will bring up the dialog where the value of the prescribed head can be
specified.

The prescribed hydraulic head specified in line contours and closed contours are assumed
to be constant over the line or area. To define a spatially varying prescribed hydraulic head along
aline or area, segments of lines or areas can be placed end to end, where in each segment the
prescribed head is constant. To accommodate this, the Allow I nter section command in the
Special menu should be used. If the Allow I nter section command is active, a check mark will
appear next to it in the pull-down menu. The Allow I nter section command allows contours to
intersect each other, such as placing segments of lines or areas adjacent to each other.

The application of the prescribed head assumes that it is applied over the entire thickness
of the geologic unit. Therefore, if the geologic unit is divided into more than one model layer, the
specified hydraulic head will be applied to each model layer in the vertical dimension at the areal
locations specified.

Initial Head Unit[i]

Theinitial hydraulic head can be specified to be a constant or contour information
describing a spatially varying initial hydraulic head can be imported or generated. The default
initial hydraulic head is zero for all geologic units. To change the default value or to change the
interpolation method or program a spatially variable initial hydraulic head the user must enter the
L ayersdialog and the Expression dialog for the layer I nitial Head Unit[i]. A brief discussion
of this procedure is presented in the section describing the layer Elevation Top Unit[i]. The
ArgusNE User’s Guide provides more detailed information about the use of the Layersdialog
and the Expression dialog.

Theinitia hydraulic head also can be imported from text, DXF or ARC/Info Shape files,
or generated using the point, line and closed contour tools to the left of the project work space. If
the contour tools are used to generate a spatial distribution of initial hydraulic head, a dialog will
appear after applying a given contour tool where theinitial hydraulic head is specified in the
dialog under the “value” column. If the contours of initial hydraulic head are imported, doubling
clicking on a contour in the work space will show the dialog box in which theinitial hydraulic
head can be entered or edited. If theinitial hydraulic head distribution is available through a set
of data points, change the layer type to an ArgusNE Datalayer and import the information (see
detailed procedure above in Topographic Information Layers)

Theinitial hydraulic head in the geologic unit is assumed to be applied over the entire
thickness of the geologic unit. Therefore, if the geologic unit is divided into more than one model
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layer, the hydraulic head at a given areal location will be applied to each model layer in the
vertical dimension.

Hydraulic Conductivity[i]

The spatial variability of the hydraulic conductivity of the geologic unit can be specified
similarly to that discussed for the layer Initial Head Unit[i]. However, the hydraulic
conductivity requires the definition of two parameters, the hydraulic conductivity in the x-
direction (K,) and the hydraulic conductivity in the z-direction (K,); the hydraulic conductivity in
the y-direction is known from the hydraulic conductivity in the x-direction and the anisotropic
ratio defined for each geologic unit in the Geology dialog box in the MODFL OW-96
Preprocessor. If the hydraulic conductivity distribution is available through a set of data points,
change the layer type to an Argus NE Datalayer and import that information (see detailed
procedure above in Topographic Information Layers)

If the geologic unit is assumed to be nonsimulated and it lies between simulated geologic
units, then the hydraulic conductivity in the z-direction must be specified because the
nonsimulated geologic unit is assumed to be a semi-confining unit with quasi-steady vertical
leakage.

The hydraulic conductivity (both K, and K)) is assumed to be uniform over the entire
thickness of the geologic unit. Therefore, if the geologic unit is divided into more than one model
layer, the hydraulic conductivity at a given areal location will be applied to each model layer in
the vertical dimension; however, the hydraulic conductivity (both K, and K,) can vary spatially
in the area dimensions.

Specific Yield Unit[i]

The spatial variability of the specific yield of the geologic unit can be specified similarly
to that discussed for the layer I nitial Head Unit[i]. Although in particular model simulations, the
specific yield may not be used, for example, in a confined aquifer, thisinformation layer is still
provided for the geologic unit in the event that the geologic unit is converted from a confined
aquifer to an unconfined aquifer. If the specific yield distribution is available through a set of
data points, change the layer type to an ArgusNE Data layer and import that information (see
detailed procedure above in Topographic Information Layers)

Similarly to the hydraulic conductivity, the specific yield is assumed to be uniform over
the entire thickness of the geologic unit. Therefore, if the geologic unit is divided into more than
one model layer, the specific yield at agiven areal location will be applied to each model layer in
the vertical dimension; however, the specific yield can vary spatially in the areal dimensions.

Specific Storage Unit][i]

The spatial variability of the specific storage of the geologic unit can be specified
similarly to that discussed for the layer Initial Head Unit[i]. Although in a particular ssmulation,
the specific storage may not be used, for example, in a steady-state flow ssimulation, this
information layer is still provided for the geologic unit in the event that the type of simulation
changes to where it will be needed in the ssmulation. If the specific storage distribution is
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available through a set of data points, change the layer type to an ArgusNE Data layer and import
that information (see detailed procedure above in Topographic Information Layers)

Similarly to the hydraulic conductivity, the specific storage is assumed to be uniform
over the entire thickness of the geologic unit. Therefore, if the geologic unit is divided into more
than one model layer, the specific storage at a given areal location will be applied to each model
layer in the vertical dimension; however, the specific storage can vary spatialy in the areal
dimensions.

Wetting Threshold Unit[i]

The spatial variability of the wetting threshold of the geologic unit can be specified
similarly to that discussed for the layer I nitial Head Unit[i]. Although in particular model
simulations, the wetting threshold may not be used, for example, in a confined aquifer, this
information layer is still provided for the geologic unit in the event that the geologic unit is
converted from a confined aquifer to a unconfined aquifer and rewetting calculations are
specified in the Misc. Controls dialog. If the wetting threshold distribution is available through a
set of data points, change the layer type to an ArgusNE Data layer and import that information
(see detailed procedure above in Topographic Information Layers)

Similarly to the hydraulic conductivity, the layer Wetting Threshold Unit[i] hastwo
parameters that must be defined, the wetting threshold and the wetting flag. The wetting
threshold and wetting flag used in MODFL OW-96 simulations are described in McDonald and
others (1992). The wetting flag is an integer (-1, O, or 1) that indicates which neighboring cells
can cause acell to rewet. If the wetting flag is-1, only the cell below the dry can cause acell to
rewet. If the wetting flag is 1, the cell below the dry cell and the four adjacent cells can cause a
cell to rewet. If the wetting flag is 0, the cell can not be rewetted.

The wetting threshold will only be applied to unconfined geologic units or geologic units
denoted as being convertible between confined and unconfined. If a geologic unit is unconfined,
only the top model layer in the geologic unit is unconfined; the model layers below the top
model layer are assumed to be convertible. Furthermore, the wetting threshold is assumed to be
constant over the thickness of the geologic unit. Therefore, if the geologic unit is divided into
more than one model layer, the wetting threshold at a given areal location will be applied to each
model layer in the vertical dimension; however, the wetting threshold and wetting flag can vary
spatialy in the areal dimensions.

Rechar ge Information Layer
Recharge

In MODFL OW-96, the recharge stressis applied as a two-dimensional spatial
distribution of the recharge rate given in units of length per time, or equivalently, length cubed
per time per unit area. The volumetric recharge applied to each model cell isautomatically
calculated based on the area of the cell. If finite-difference discretization changes, the volumetric
recharge applied to each model cell will be automatically recalculated and it is not necessary to
change the underlying recharge rate specified in the layer Recharge. The spatial variability of
the parameters describing recharge can be specified similarly to that discussed for the layer
Initial Head Unit[i].
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The vertical distribution of recharge depends on the recharge option specified in the
Stresses/Solvers dialog. If the recharge option is specified to apply recharge to the top model
layer only or to apply recharge to the highest active cell, then the recharge elevation in the dialog
that appears when entering or editing information in the layer Rechar ge is not used. However,
the recharge elevation will continue to appear in the dialog associate with the layer Rechargein
the event that the recharge option is changed in other simulations.

If the recharge option in the Stresses/Solvers dialog is specified to apply recharge based
on the recharge elevation, then the spatial distribution of the recharge elevation prescribed in the
layer Rechar ge is used to identify the geologic unit and the model layer where rechargeis

applied.

If more than one stress period isincluded in the simulation and the recharge stress has
been specified to be time-varying in the Stresses/Solvers dialog, then the recharge rates should
be entered into the spaces provided for each stress period in the dialog that appears when
entering or editing information in the layer Rechar ge. If the recharge stress has been specified to
be steady in the Stresses/Solvers dialog, then it is sufficient to specify only the recharge rate in
the first stress period.
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Evapotranspiration Information L ayer
Evapotranspiration

In MODFL OW-96, the evapotranspiration stress is applied as a two-dimensional spatial
distribution of the evapotranspiration rate given in units of length per time, or equivalently,
length cubed per time per unit area. The volumetric evapotranspiration rate applied to each
model cell is automatically calculated based on the area of the cell. If finite-difference
discretization changes, the evapotranspiration rate for each cell is automatically recalculated. The
spatial variability of parameters associated with the evapotranspiration (evapotranspiration
surface, evapotranspiration extinction depth and the evapotranspiration rate) can be specified
similarly to that discussed for the layer Initial Head Unit[i].

The vertical distribution of the evapotranspiration rate depends on the evapotranspiration
option specified in the Stresses/Solvers dialog. If the evapotranspiration option is specified to
apply evapotranspiration to the top model layer only, then the evapotranspiration surface is not
used to specify the vertical location for applying the evapotranspiration rate.

If the evapotranspiration option in the Stresses/Solvers dialog box in the MODFL OW-96
Preprocessor is specified to apply evapotranspiration based on the evapotranspiration surface,
then the spatial distribution of the evapotranspiration surface elevation prescribed in the layer
Evapotranspiration is used to identify the geologic unit and the model layer where
evapotranspiration is applied.

If more than one stress period isincluded in the ssmulation and the evapotranspiration
stress has been specified to be time-varying in the Stresses/Solvers dialog, then the
evapotranspiration rates should be entered into the spaces provided for each stress period in the
dialog that appears when entering or editing information in the layer Evapotranspiration. If the
recharge stress has been specified to be steady in the Stresses/Solvers dialog, then it is sufficient
to specify only the recharge rate in the first stress period.

Well Information Layers
Weélls Unit[i]

WEells are specified in the Well Unit[i] layer by using the point contour tool from the tool
palette, copying point objects from other layers such as map layers or importing information
from text, DXF or ARC/Info Shape files. Clicking in the work space using the point contour tool
places awell where the cursor islocated. A dialog box appears where the well information is
entered. The well is defined by the elevation of the top of the open interval in the geologic unit,
the elevation of the bottom of the open interval in the geologic unit and the stress in units of
cubic length per time (positive values indicating recharge and negative values indicating
withdrawals from the geologic unit). Moving the cursor to a point object and double clicking on
it will show the well information associated with that object.

If the geologic unit is divided into several model layers, the cellsin the vertical
dimension intersected by the open interval of the well will be specified in the preprocessor and
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the appropriate amount of the recharge or pumping rate will be automatically applied to each cell
according to its length in the cell.

If more than one stress period isincluded in the smulation and the well stress has been
specified to be time-varying in the Stresses/Solvers dialog, then the recharge or pumping rate
should be entered into the space provided for each stress period. If the well stress has been
specified to be steady in the Stresses/Solvers dialog, then it is sufficient to specify only the
pumping or recharge in the first stress period.

River Information Layers

Rivers can be specified as being “line” riversor “ared’ rivers. Similar information is
requested with the exception of the conductance of the bottom of the river. The conductance per
unit length of a“line” river is specified in units of length per time. The length of the “line” river
within amodel cell multiplied by the conductance per unit length will yield the total conductance
of that river in the model cell. Similarly, for an “area’ river, the conductance per unit areais
specified in units of inverse time. The area of the “ared’ river in acell multiplied by the
conductance per unit area associated with the “area’ river yields the total conductance of the
river in the model cell. With these definitions of parametersfor “line” and “area” rivers, it is not
necessary for the user to have prior knowledge of the total conductance or the length of the
“line” river or the area of an “area’ river in amodel cell; thisinformation is calculated internally
by the preprocessor. Thus, it is not necessary to change the conductance applied to ariver if the
discretization of the finite-difference grid is changed.

Line River Unit[i]

Linerivers are specified using the line contour tool to the left of the work space. After
using the line contour tool to specify the location of a segment of alineriver, adialog appears
where information associated with that segment of theriver is entered. The information required
for the lineriver is the conductance per unit length in units of length per time, the bottom
elevation of the river and the stage of the river for each stress period. If theriver stresswas
specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter only the stage
associated with the first stress period.

The attributes defining the line river in the dialog are assumed to be constant over the
length of the line contour specified in the work space. To incorporate varying properties over the
length of the river, for example, conductance, bottom and stage, segments of line rivers must be
placed end to end. To accommodate this, the Allow I nter section command in the Special pull-
down menu should be used. If the Allow I nter section command is active, a check mark will
appear next to it in the pull-down menu. The Allow I nter section command allows contours to
intersect each other, such as placing segments of aline river end to end.

If there is more than one model layer in the geologic unit, the location of the lineriver in
the vertical direction will depend on the elevation associated with the bottom of the line riverbed.
Theriver will be located within the model layer that contains the bottom elevation of the
riverbed.

AreaRiver Unitl[i]
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Arearivers are specified using the closed contour tool to the left of the work space. After
using the closed contour tool to specify the location of a segment of an areariver, adialog
appears where information associated with that segment of theriver is entered. The information
required for the areariver is the conductance per unit areain units of inverse time, the bottom
elevation of the river and the stage of the river for each stress period. If theriver stress was
specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter only the stage
associated with the first stress period.

The attributes defining the areariver in the dialog are assumed to be constant over the
area of the closed contour specified in the work space. To incorporate varying properties over the
length of the areariver, for example, conductance, bottom and stage, segments of arearivers
must be placed end to end. To accommodeate this, the Allow I nter section command in the
Special pull-down menu should be used. If the Allow I nter section command is active, a check
mark will appear next to it in the pull-down menu. The Allow I nter section command allows
contours to intersect each other, such as placing segments of an areariver end to end.

If there is more than one model layer in the geologic unit, the location of the areariver in
the vertical direction will depend on the elevation associated with the bottom of the area
riverbed. The river will be located within the model layer that contains the bottom elevation of
the riverbed.

Drain Information Layers

Drains can be specified asbeing “line” drainsor “area” drains. Similar information is
requested with the exception of the conductance of drain. The conductance per unit length of a
“line” drain is specified in units of length per time. The length of the “line” drain within a model
cell multiplied by the conductance per unit length will yield the total conductance of that drain in
the model cell. Similarly, for an “area’ drain, the conductance per unit areais specified in units
of inverse time. The area of the “area’ drain in acell multiplied by the conductance per unit area
associated with the “area” drain yields the total conductance of the drain in the model cell. With
these definitions of parametersfor “line” and “area” drains, it is not necessary for the user to
have prior knowledge of the total conductance or the length of the “line” drain or the area of an
“area’ drainin amodel cell; thisinformation is calculated internally by the preprocessor. Thus, it
IS not necessary to change the conductance applied to adrain if the discretization of the finite-
difference grid is changed.

Line Drain Unit[i]

Line drains are specified using the line contour tool to the left of the work space. After
using the line contour tool to specify the location of a segment of aline drain, adialog appears
where information associated with that segment of the drain is entered. The information required
for the line drain is the conductance per unit length in units of length per time, the elevation of
the drain, and whether the drain is operating or not during the stress period. If the drainis
operating, avalue of “True” is used, otherwise avalue of “False” isused. If the drain stress was
specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter the operation
of thedrain in thefirst stress period only.

The attributes defining the line drain in the dialog are assumed to be constant over the
length of the line contour specified in the work space. To incorporate varying properties over the
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length of the drain, for example, conductance, elevation and operation, segments of line drains
must be placed end to end. To accommodate this, the Allow | nter section command in the
Special pull-down menu should be used. If the Allow | nter section command is active, a check
mark will appear next to it in the pull-down menu. The Allow I nter section command allows
contours to intersect each other, such as placing segments of aline drain end to end.

If there is more than one model layer in the geologic unit, the location of thelinedrainin
the vertical direction will depend on the elevation associated with the line drain. The drain will
be located within the model layer that contains the elevation of the drain.

AreaDrain Unit[i]

Areadrains are specified using the closed contour tool to the left of the work space. After
using the closed contour tool to specify the location of a segment of an areadrain, adialog
appears where information associated with that segment of the drain is entered. The information
required for the area drain is the conductance per unit areain units of inverse time, the elevation
of the drain, and whether the drain is operating or not during the stress period. If thedrainis
operating, avalue of “True” is used, otherwise avalue of “False” isused. If the drain stress was
specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter the operation
of thedrain in thefirst stress period only.

The attributes defining the area drain in the dialog are assumed to be constant over the
closed contour specified in the work space. To incorporate varying properties over the area of the
drain, for example, conductance, elevation and operation, segments of area drains must be placed
end to end. To accommodate this, the Allow I nter section command in the Special pull-down
menu should be used. If the Allow I nter section command is active, a check mark will appear
next to it in the pull-down menu. The Allow I nter section command allows contours to intersect
each other, such as placing segments of an areadrain end to end.

If there is more than one model layer in the geologic unit, the location of the areadrainin
the vertical direction will depend on the elevation associated with the area drain. The drain will
be located within the model layer that contains the bottom elevation of the drain.

General Head Boundary Information Layers

Genera head boundary stresses can be specified as being a“point,” “line” or “area.”
Similar information is requested with the exception of the conductance of each. A “point”
general head boundary stress requires conductance to be given in units of length squared per
time. A “line” general head boundary stress requires conductance to be given in units of length
per time. An “area’ general head boundary requires conductance to be given in units of inverse
time. With these definitions of parametersfor “line’ and “area’ general head boundary stresses,
it is not necessary for the user to have prior knowledge of the total conductance of the general
head boundary in amodel cell; thisinformation is calculated internally in the preprocessor by
using the length and area of the “line” and “area’ general head boundary stress, respectively.
Thus, it is not necessary to change the conductance applied to a general head boundary stress if
the discretization of the finite-difference grid is changed. If a“point” general head boundary
stressis applied, however, changing discretization will not change the conductance of the stress.
Thus, the user should use caution in applying “point” general head boundary stresses when
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changing discretization in the finite-difference grid because the same conductance is applied
regardless of the discretization.

Point Gen Head Boundary Unit[i]

Point general head boundary stresses are specified using the point contour tool from the
tool palette. After using the point contour tool to specify the location of a general head boundary
stress, a dialog appears where information associated with that stress is entered. The information
required for the point general head boundary stress is the conductance in units of length squared
per time, and boundary head for each stress period. If the general head boundary stress was
specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter the boundary
head in the first stress period only.

The application of the point general head boundary stress in the geologic unit assumes
that the stressis applied over the thickness of the geologic unit. Therefore, if the geologic unit is
divided into more than one model layer, each cell in the vertical direction will be given attributes
associated with the point general head boundary stress.

Line General Head Boundary Unit[i]

Line general head boundary stresses are specified using the line contour tool to the left of
the work space. After using the line contour tool to specify the location of a general head
boundary stress, a dialog appears where information associated with that stressis entered. The
information required for the line general head boundary is the conductance per unit length in
units of length per time, and boundary head for each stress period. If the general head boundary
stress was specified to be “steady” in the Stresses/Solvers dialog, then it is necessary to enter the
boundary head in the first stress period only.

The attributes defining the line general head boundary stressin the dialog are assumed to
be constant over the line contour specified in the work space. To incorporate varying properties
over the length of a general head boundary stress, for example, the conductance and boundary
head, segments of area general head boundary stresses must be placed end to end. To
accommodate this, the Allow I nter section command in the Special pull-down menu should be
used. If the Allow I ntersection command is active, a check mark will appear next to it in the
pull-down menu. The Allow I nter section command allows contours to intersect each other, such
as placing segments of an area general head boundary stress end to end.

The application of the line general head boundary stress in the geologic unit assumes that
the stress is applied over the thickness of the geologic unit. Therefore, if the geologic unit is
divided into more than one model layer, each cell in the vertical direction will be given attributes
associated with the line general head boundary stress.

Area General Head Boundary Unit[i]

Area general head boundary stresses are specified using the closed contour tool to the left
of the work space. After using the closed contour tool to specify the location of a general head
boundary stress, a dialog appears where information associated with that stressis entered. The
information required for the area general head boundary is the conductance per unit areain units
of inverse time, and boundary head for each stress period. If the general head boundary stress
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was specified to be “ steady” in the Stresses/Solvers dialog, then it is necessary to enter the
boundary head in the first stress period only.

The attributes defining the area general head boundary stressin the dialog are assumed to
be constant over the closed contour specified in the work space. To incorporate varying
properties over the area of the general head boundary stress, for example, the conductance and
boundary head, segments of area general head boundary stresses must be placed end to end. To
accommodate this, the Allow I nter section command in the Special pull-down menu should be
used. If the Allow I ntersection command is active, a check mark will appear next to it in the
pull-down menu. The Allow I nter section command allows contours to intersect each other, such
as placing segments of an area general head boundary stress end to end.

The application of the area general head boundary stress in the geologic unit assumes that
the stress is applied over the thickness of the geologic unit. Therefore, if the geologic unit is
divided into more than one model layer, each cell in the vertical direction will be given attributes
associated with the area general head boundary stress.

Finite-Difference Grid Information Layers

The information layers associated with the finite-difference discretization and the finite-
difference grid are presented last in this section because, in general, a modeling project should
proceed by acquiring or generating the topographic and hydrologic information first, and then
evaluating thisinformation in order to specify where increased discretization is warranted to
capture the spatially varying attributes of the geospatial information. Because geospatial
information is specified independently of the finite difference grid in ArgusNE, rediscretization
does not require the user to respecify the underlying geospatial information.

MODFLOW Grid Density

Thelayer MODFLOW Grid Density isan ArgusNE information layer that is used by
the MODFLOW FD Grid layer to define the discretization of the finite difference grid. Regions
where increased or decreased discretization may be warranted can be prescribed in the
MODFLOW Grid Density layer. The point, line and closed contour tools can be used to specify
the approximate distance between finite-difference grid lines in regions of the modeled domain.
After using one of the contour tools, adialog will appear where the finite-difference grid density
is entered; the density is the approximate distance between finite difference grid lines. Examples
of using the density layer to specify the finite-difference discretization are described in the
ArgusNE User’s Guide.

If grid density is not specified, the density specified in the layer MODFL OW Domain
Outlineisused in creating the finite difference grid.

MODFLOW FD Grid
If the model domain outline has been specified in the layer MODFL OW Domain
Outline, the finite-difference grid can be generated automatically using the magic wand tool

from the tool palette. A discussion of the operation of the toolsin the grid layer can be found in
the ArgusNE User’s Guide. These tools can be used to edit the horizontal and vertical grid lines.
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The finite-difference grid is assumed to be extruded in the vertical dimension and applies
to al geologic units. Thus, any changes made in finite-difference grid are extruded to all
geologic units. Inactive cells outside the modeled domain are noted as thatched areas. However,
each geologic unit can have additional inactive cells as specified in the layer Added I nactive
Area Unit[i].

Grid Type, Grid Direction and other Grid Operations

In the Edit pull-down menu of the layer MODFLOW FD Grid, the commands Grid
Type adlows the user to modify the type of finite difference grid used in the smulation. In the
preprocessor for MODFLOW-96, it is assumed that a Block-Centered finite-difference grid is
used; thisisthe default setting and it should not be changed when using the preprocessor
described in this report.

The command Grid Direction in the Edit pull-down menu allows the user to specify the
direction in which grid information (that is, geospatial information linked to the grid) is exported.
To be consistent with previous uses of MODFLOW, it is recommended that the grid direction be
specified as Positive X and Negative Y; the user should make these changes using the Grid
Direction menu item. Among other things, this will ensure that the listing of model parameters
and resultsin files generated by MODFL OW-96 will appear in matrix form in the same
orientation as the finite-difference grid on the screen; the top row of cells on the screen will
correspond to the top row of model parameters and results for each model layer givenin thefiles
that are created. Hereit is assumed that orientation of (positive) x-axisisto the right of the work
space and the orientation of the (positive) y-axisisto the top of the work space.

The Toggle Active menu in the Edit menu can be used to make selected finite-difference
grid cellsinactive or active. For example, this command may be useful in making selected grid
cells active or inactive along a complexly shaped domain boundary that may isolate grid cells
from the remainder of the grid because of the density of the discretization that is applied. The use
of the Toggle Active command and other grid operations are described in the ArgusNE User’s
Guide.

Adding Geospatial Information Layers

Thelist of geospatial information layers created in the MODFL OW-96 preprocessor and
discussed above are directly correlated to the information that is used in the numerical model. In
many ground-water modeling projects, however, model information required for the simulation
may not be available, while proxy information that may be used to infer hydrogeologic
properties may be available. For example, instead of having information on hydraulic
conductivity, the spatial distribution of soil types may be available. If hydraulic conductivity can
be inferred from soil types, then the hydraulic conductivity could be linked to this information.

Geospatial information layers can be added to the layers already created by the
MODFLOW-96 preprocessor. Using the example above, a geospatial information layer for soil
types for each geologic unit can be added and a mathematical expression can be prepared to
correlate the proxy information to the information required in the numerical model. The
ArgusNE User’s Guide provides the details of adding information layers and linking information
layers to other information layers using mathematical expressions. Thus, the list of geospatial
information layers created in the MODFL OW-96 preprocessor should be regarded as a
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rudimentary structure that can be adapted to the unique demands of each modeling project. By
adding geospatial information layers, a seamless computing environment can be created for
ground-water flow modeling within one application, rather than performing correlations with
proxy information externally and importing the results.

Although geospatial information layers can be added, the geospatial information layers
created by the MODFL OW-96 preprocessor should not be deleted or renamed manually. The
names of the geospatial information layers created by the MODFL OW-96 preprocessor are
needed to link the geospatial information to the finite-difference grid and export this information
in aform that can be read by MODFLOW-96. If the geospatial information layers are deleted or
changed, the data files created for MODFL OW-96 might be corrupted.

VISUALIZING GEOSPATIAL INFORMATION LINKED TO THE FINITE-
DIFFERENCE GRID

It is advantageous to visualize the effect of the finite-difference discretization on the
geospatial information that is used in the numerical model. For example, visualizing the
geospatia information linked to the finite-difference grid may indicate if discretization is too
coarse to capture the spatially varying nature of certain hydrologic properties. Visualization of
geospatial information linked to the finite-difference grid is conducted in the layer MODFL OW
FD Grid. Making this the active layer and using the cursor to click-hold the triangle to the right
of the color legend in the tool palette opens a menu with the list of the parameters linked to the
finite-difference grid. Moving the cursor to one of parameters on the list and releasing the mouse
button will visualize the information in the selected parameter asit islinked to the finite-
difference grid. The mathematical statements used to link the geospatial information to the finite-
difference gird can be seen in the Layer s dialog under the parameters linked to the layer
MODFLOW FD Grid. In addition, the spatial information attributed to a finite-difference cell
can be examined by doubling clicking on the cell in the layer MODFLOW FD Grid; adialog
box appears with alist of the parameter values linked to that finite-difference cell.

In the following, the geospatial information linked to the finite-difference grid by the
MODFLOW-96 preprocessor is described. References to geologic units are denoted by [i], where
the “i” denotes the sequence number of the geologic unit. Furthermore, geospatial information
layers denoted by [i] indicate that a geospatial information layer of that type will be created for
each geologic unit specified in the Geology dialog in the MODFL OW-96 Preprocessor.
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Visualization of Topographic Information
Elev Top Unit[i]

Selecting Elev Top Unit][i] evaluates by color the grid cell values from the layer
Elevation Top Unit[i].

Elev Bot Unit[i]

Selecting Elev Bot Unit[i] evaluates by color the grid cell values from the layer
Elevation Bottom Unit[i].

Thickness Unit[i]

Selecting Thickness Unit[i] evaluates by color the grid cell values from the difference
between the layer Elevation Top Unit[i] and Elevation Bottom Unit[i].

Visualization of Hydrogeologic Information
IBOUND Unit[i]

The IBOUND array in MODFLOW-96 defines the location of active cells, inactive cells
and cells having a prescribed hydraulic head. Inactive cells are assigned a value of zero, active
cells are assigned a value of one and cells having a prescribed head are assigned a value of
negative one. Selecting IBOUND Unit[i] evaluates by color the grid cell values for the
IBOUND array. The layers Added I nactive Area Unit[i] and Prescribed Head Unit[i] are used
to define the parameter IBOUND Unit[i].

Initial Head Unit[i]

Selecting Initial Head Unit[i] evaluates by color the grid cell values from the layer
Initial Head Unit[i].

Kx Unit[i]

Selecting Kx Unit[i] evaluates by color the grid cell values from the parameter K, in the
layer Hydraulic Conductivity Unit[i].

Kz Unit[i]

Selecting Kz Unit[i] evaluates by color the grid cell values from the parameter K, in the
layer Hydraulic Conductivity Unit[i].

Sp_Yield Unit[i]

Selecting Sp_Yield Unit[i] evaluates by color the grid cell values from the layer Specific
Yield Unit[i].
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Sp_Storage Unit[i]

Selecting Sp_Storage Unit[i] evaluated by color the grid cell values from the layer
Specific Storage Unitl[i].

Wetting Unit[i]

Selecting Wetting Unit[i] evaluates by color the grid cell values of the product of the
wetting threshold and the wetting flag parameters specified in the layer Wetting Threshold
Unit[i].

Visualization of Fluid Stresses
Rechar ge Elevation

Selecting Rechar ge Elevation evaluates by color the grid cell values of the parameter
recharge elevation that appearsin the layer Rechar ge. The recharge elevation is used only if the
recharge option in the Stresses/Solvers dialog indicates that the application of the rechargeisto
be specified from the recharge elevation.

ET Surface Elevation

Selecting ET Surface Elevation evaluates by color the grid cell values of the parameter
evapotranspiration surface specified in the layer Evapotranspiration.

Well Location Unit[i]

The wells specified in the layer Wells Unit[i] are visualized in Well L ocation Unit[i].
The grid cells with one or more wells are given avalue of one; grid cells without wells are given
avalue of zero. If more than one well islocated in agrid cell, the preprocessor for MODFL OW-
96 will export information associated with each well individually for use in MODFL OW-96.

River Location Unit[i]

The grid cells occupied by line and arearivers from the layers Line River Unit[i] and
Area River Unit[i] arevisualized in River Location Unit[i]. The grid cells with one or more
line or arearivers are given avalue of one; grid cells without line or arearivers are given avalue
of zero. If more than one line or areariver islocated in agrid cell, the preprocessor for
MODFLOW-96 will export information associated with each river individually for usein
MODFLOW-96.

Drain Location Unit[i]

The grid cells occupied by line and area drains from the layers Line Drain Unit[i] and
Area Drain Unit[i] arevisualized in Drain L ocation Unit[i]. The grid cells with one or more
line or area drains are given avalue of one; grid cellswithout line or areadrains are given a
value of zero. If more than oneline or areadrain islocated in agrid cell, the preprocessor for
MODFLOW-96 will export information associated with each drain individually for usein
MODFLOW-96.
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Gen Head B L ocation Unit[i]

The grid cells occupied by point, line and area general-head boundary stresses from the
layers Point Gen Head Boundary Unit][i], Line Gen Head Boundary Unit[i] and Area Gen
Head Boundary Unit[i] arevisualized in Gen Head B L ocation Unit[i]. The grid cells with one
or more point, line or area general-head boundary stresses are given avalue of one; grid cells
without general-head boundary stresses are given avalue of zero. If more than one general-head
boundary stressislocated in agrid cell, the preprocessor for MODFLOW-96 will export
information associated with each individually for usein MODFL OW-96.

Adding ParametersLinked to the Finite-Difference Grid

Thelist of parameters linked to the finite-difference grid for visualization in the
MODFL OW-96 preprocessor can be expanded according to the unique needs of each modeling
project. The ArgusNE User’s Guide provides the detail s of adding and linking parameters to the
finite-difference grid. Thus, the list of parameters linked to the finite-difference grid for
visualization as created in the MODFL OW-96 preprocessor should be regarded as a rudimentary
structure that can be adapted to the unique demands of each modeling project.

Although additional parameters can be linked to the finite-difference grid, it is not
recommended that existing parameters linked to the finite-difference grid be deleted. Deleting
parameters linked to the finite-difference grid would reduce the ability to visualize the effect of
discretization on geospatial information used in MODFLOW-96 simulations.

CREATING DATA FILESAND EXECUTING MODFLOW-96

The file MODFLOW.MET in the ArgusPIE directory is the export template used by
MFGUI_10.DLL to export and format the ASCI| files needed to execute MODFLOW-96. The
MODFLOW.MET file synthesizes the project information and geospatial information linked to
the finite-difference grid and exports thisinformation in aformat that can be read by the
executable version of MODFLOW-96. In addition, MODFL OW-96 can be executed from within
ArgusNE and the hydraulic head and/or drawdown solutions from MODFLOW-96 can be
visualized, thus, creating a seamless computing environment for ground-water simulations.

The ASCII files used to execute MODFLOW-96 are created from the MODFLOW FD
Grid layer in ArgusNE. Whilein the MODFL OW FD Grid layer, the cursor is moved to the
Export command in the File pull-down file menu. The Export command is a hierarchical menu,
and within this hierarchical menu the Run MODFL OW command is chosen. A dialog box
appears with two options, “Create MODFLOW Input Files” and “Create MODFLOW Input Files
and Run MODFLOW.” The first option only creates the ASCI| files suitable for execution of
MODFLOW-96; these files contain the simulation control information and the geospatial
information linked to the finite-difference grid. The second option creates the ASCI|I files and
then executes MODFL OW-96 from within ArgusNE, after which control is returned to
ArgusNE. Also listed on this dialog box is an option to return to the MODFL OW-96
Preprocessor dialog boxes to edit or check the project information; clicking the Edit Parameters
button returns to the MODFL OW-96 Preprocessor dialog boxes.
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Choosing either the “Create MODFLOW Input Files’ or “ Create MODFLOW Input Files
and Run MODFLOW” option leads to adialog box in which the directory needs to be specified
for storing the files created for executing MODFL OW-96. The file name at the bottom of this
dialog box can be ignored because the root name of the files to be created and the extensions for
theses files are specified in the Output Files dialog box and in the export template. If the user
wishes to run MODFL OW-96 from within ArgusNE, the directory containing the executable
version of MODFLOW-96 should be chosen.

If it isdesirable, the ASCII files created from ArgusNE for executing MODFL OW-96
can be viewed by using any text editor. It may be desirable to view and edit these files created
for MODFLOW-96 if the user is familiar with the file structure and data input for MODFL OW-
96 and only minor changes are needed for additional simulations. However, it is also possible
and easier to make these changes in the MODFL OW-96 Preprocessor dialog boxes and have the
file exported again.
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Files Created for MODFL OW-96 Simulations

Thefilesthat are created for executing MODFLOW-96 will depend on the stress
packages and solver used in the smulation. The following is alist and explanation of file names
that are created by the preprocessing PIE for MODFLOW-96. In the following, Rootname refers
to the file name specified in the Output Files dialog box of the MODFL OW-96 Preprocessor.

modflow.bf is the “batch” file containing the “name” file for the MODFLOW-96
simulation. Executing MODFL OW-96 from within ArgusNE executes MODFLOW-96 in a
“batch” mode so that additional keyboard input is not needed. If it is desirable to execute
MODFLOW-96 outside of ArgusNE, this“batch” file can be used to execute the files that have
been created from within ArgusNE. Information about executing MODFLOW-96 in a“batch”
mode are discussed in Harbaugh and McDonald (19964). This file will always be created by the
preprocessing PIE for MODFL OW-96.

Rootname isthe “name” file containing the list of files and their unit numbers for the
MODFLOW-96 simulation, where Rootname is the file name specified in the Output Files dialog
box given in the MODFL OW-96 Preprocessor. This file will always be created by the
preprocessing PIE for MODFLOW-96.

Rootname.BASis the file containing information associated with the Basic package in
MODFLOW-96. Thisfile will always be created by the preprocessing PIE for MODFL OW-96.

Rootname.OC is the Output Control file for the MODFLOW-96 simulation. This file will
always be created by the preprocessing PIE for MODFL OW-96.

Rootname.BCF is the file containing information for the Block-Centered Flow package.
Thisfile will always be created by the preprocessing PIE for MODFL OW-96.

Rootname.RCH is the file containing information for the Recharge package; thisfileis
created only if the recharge package is chosen in the Stresses/Solvers dialog box.

Rootname.RIV is the file containing information for the River package; thisfileis created
only if the river package is chosen in the Stresses/Solvers dialog box.

Rootname.WEL is the file containing information for the Well package; thisfile is created
only if the well package is chosen in the Stresses/Solvers dialog box.

Rootname.DRN is the file containing information for the Drain package; thisfileis
created only if the drain package is chosen in the Stresses/Solvers dialog box.

Rootname.GHB is the file containing information for the General-Head Boundary
package; thisfileis created only if the general-head boundary package is chosen in the
Stresses/Solvers dialog box.

Rootname.EVT isthe file containing information for the Evapotranspiration package; this
fileis created only if the evapotranspiration package is chosen in the Stresses/Solvers dialog box.
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Rootname.S P is the file containing information for the Strongly-implicit procedure
package; thisfileis created only if SIP solver is chosen in the Stresses/Solvers dialog box.

Rootname.SOR is the file containing information for the Slice-successive overrel axation
package; thisfileis created only if the SOR solver is chosen in the Stresses/Solvers dialog box.

Rootname.PCG is the file containing information for the preconditioned conjugate-
gradient package; thisfileis created only if the PCG solver is chosen in the Stresses/Solvers
dialog box.

Rootname.DEA4 is the file containing information for the direct solution package with
alternating diagonal ordering package; thisfileis created only if the DE4 solver is chosen in the
Stresses/Solvers dialog box.

Files Created by Executing M ODFL OW-96

Thefilesthat are optionally created by executing MODFL OW-96 are defined in the
Output Files dialog in the MODFL OW-96 Preprocessor. In addition, the MODFL OW-96 listing
file, given the name Rootname.LST, will always be generated by MODFLOW-96. The following
isalist and explanation of file names that are created by executing MODFLOW-96 if the
preprocessing PIE discussed in this report is being used. In the following, Rootname refersto the
file name specified in the Output Files dialog box.

Rootname.LST isthe MODFL OW-96 listing file containing general information about the
simulation. Thisfile is always created by MODFL OW-96.

Rootname.FHD is the formatted text file containing the hydraulic head solutions for the
time steps specified in the Output Controls dialog. The hydraulic head solution for all layersin
the simulation are exported into thisfile. Thisfile will be created by MODFLOW-96 only if
formatted text files for the hydraulic head have been specified in the Output Files dialog. The
postprocessing visualization of hydraulic head that is described in this report uses thisfile.

Rootname.FDN is the formatted text file containing the drawdown solutions for the time
steps specified in the Output Controls dialog. The drawdown solution for all layersin the
simulation are exported into thisfile. Thisfile will be created by MODFLOW-96 only if
formatted text files for the drawdown have been specified in the Output Files dialog. The
postprocessing visualization drawdown that is described in this report uses thisfile.

Rootname.BHD is the file containing the hydraulic head solutions written in a binary
format for the time steps specified in the Output Controls dialog. The hydraulic head solution for
all layersin the ssimulation are exported into thisfile. Thisfile will be crested by MODFLOW-96
only if abinary file for the hydraulic head solution has been specified in the Output Files dialog.

Rootname.BDN is the file containing the drawdown solutions written in a binary format
for the time steps specified in the Output Controls dialog. The drawdown solution for al layers
in the ssmulation are exported into thisfile. Thisfile will be created by MODFLOW-96 only if a
binary file for the drawdown solution has been specified in the Output Files dialog.
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Rootname.BUD isthefile of cell-by-cell flows from the Block-Centered Flow package, if
it is specified in the Output Files dialog that the cell-by-cell flow from the Block-Centered Flow
package are to be exported. Furthermore, if in the Output Files dialog, it is specified that all cell-
by-cell flows from all fluid stresses are to be exported into asingle file, the cell-by-cell flows
from the stresses marked in the Output Files dialog will be exported into thisfile. Thisfileis
created in abinary format.

Rootname.BWE is the file of cell-by-cell flows from the well package, if it is specified in
the Output Files dialog that cell-by-cell flows from the well package are to be exported, and the
export of thisinformation isto be placed in a separate file. Thisfileis created in a binary format.

Rootname.BRC is the file of cell-by-cell flows from the recharge package, if itis
specified in the Output Files dialog that cell-by-cell flows from the recharge package are to be
exported, and the export of thisinformation isto be placed in a separate file. Thisfileis created
in abinary format.

Rootname.BDR is the file of cell-by-cell flows from the drain package, if it is specified in
the Output Files dialog that cell-by-cell flows from the drain package are to be exported, and the
export of thisinformation isto be placed in a separate file. Thisfile is created in a binary format.

Rootname.BRI is thefile of cell-by-cell flows from the river package, if it is specified in
the Output Files dialog that cell-by-cell flows from the river package are to be exported, and the
export of thisinformation isto be placed in aseparate file. Thisfileis created in a binary format.

Rootname.BEV isthefile of cell-by-cell flows from the evapotranspiration package, if it
is specified in the Output Files dialog that cell-by-cell flows from the evapotranspiration package
are to be exported, and the export of thisinformation is to be placed in a separate file. Thisfileis
created in abinary format.

Rootname.BGH isthefile of cell-by-cell flows from the general-head boundary package,
if it is specified in the Output Files dialog that cell-by-cell flows from the general-head boundary
package are to be exported, and the export of thisinformation isto be placed in a separatefile.
Thisfileis created in a binary format.

VISUALIZING HYDRAULIC HEAD AND DRAWDOWN SOLUTIONS FROM
MODFL OW-96

The quick visualization of model results isimportant in facilitating the modeling process
so that changes in project information and geospatial information can be made and additional
simulation can be conducted with minimum delay. For this purpose, a postprocessing PIE has
been developed for MODFL OW-96 simulation results that have used the preprocessing PIE for
MODFLOW-96 in the ArgusNE application. The postprocessing PIE uses the formatted text
filesfor hydraulic head and drawdown generated by executing MODFLOW-96. These files are
given the names, Rootname.FHD and Rootname.FDN, where Rootname is the file name
specified in the Output Files dialog.

The postprocessing PIE for MODFLOW-96 is launched from within the ArgusNE

application. With the file MFPOST10.DLL in the ArgusPI E directory, launching ArgusNE will
automatically load the PIE needed to launch the postprocessing interface for MODFL OW-96.
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The postprocessing PIE for MODFL OW-96 uses information from the layer MODFL OW FD
Grid. Therefore, it is necessary to have a project file open with the finite-difference grid that was
used to generate the files Roothame.FHD and Rootname.FDN. If changes have been made in the
geospatial information without changing the finite-difference grid, then multiple files with the
extension FHD and FDN can be visualized using the same project file even though the current
geospatial information has been altered. However, if changes are made in the finite-difference
discretization in the layer MODFLOW FD Grid, and the visualization of simulations made with
previous finite-difference grids is desired, the user should save the project file before making
changes in the finite-difference discretization using the Save As... command in the File pull-
down menu.

L aunching the Postpr ocessor

To execute the post processing PIE, the Import command in the File menu is used. The
Import command yields a hierarchical menu of import options. Choosing the option
M ODFL OW PostPr oc launches the postprocessing PIE and causes afile dialog to appear. Files
with the extensions FHD and FDN can be chosen from this dialog, as long as these files were
created from MODFLOW-96 simulations that used the finite-difference grid in the layer
MODFLOW FD Grid of the current project file.

The postprocessing PIE reads the file that is chosen and a dialog appears giving alisting
of solutions for hydraulic head or drawdown (Figure 16). For each model layer that is contained
in the file, the stress period, the time step and the data type (hydraulic head or drawdown) is also
specified; in the dialog, stress period is abbreviated by SP and time step is abbreviated by S. The
cursor is used to highlight one or more of the solutions for model layers by clicking on one or
more rows in the dialog. Clicking OK causes another dialog to appear where the type of
postprocessing visualization isto be specified (Figure 17). The types of postprocessing methods
are Contour Map, Color Map, 3D Surface Map and Cross Section. Clicking on one of these
postprocessing methods and clicking OK resultsin two layers being added to the project file.
These layers are titted MODFL OW Data and M ODFL OW Post Processing Charts. These
layers can be seeninthelist of layersin the floating layers. The layer MODFL OW Data isan
ArgusNE datalayer and the layer MODFL OW Post Processing Chartsis an ArgusNE maps
layer. Making the layer MODFL OW Post Processing Chartsthe active layer shows the
postprocessing objects that have been created; it may be necessary to hide other layersin order to
clearly see the postprocessing charts that were created.
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Figure16. Datadialogfor MODFL OW-96 postprocessor.
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Figurel7. Visualization dialog for MODFL OW-96 postprocessor .

The layer MODFL OW Data contains the solutions that have been imported for
visualization. This data appears as discrete points located at the center of the grid cells. The
solutions in this data layer can be used for purposes other than the visualization that appears in
the layer MODFL OW Post Processing Charts. For example, the solutionsin the layer
MODFL OW Data can be compared with measured hydraulic heads or drawdowns, if such
information has been entered into geospatial information layers. It is then possible to create and
visualize a new parameter linked to the finite-difference grid which gives the difference between
the measured hydraulic head and the hydraulic head solutions.
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In the following, a brief description of the postprocessing methods is given. Additional
information on creating and modifying the appearance of postprocessing objectsin Argus NE is
given in the ArgusNE User’s Guide.

Contour Map

Selecting the contour map option produces a contour map of the hydraulic head or
drawdown in the selected layers for the selected time steps in the selected stress periods. If only
one layer is selected, the hydraulic head or drawdown contour map will overlay the finite-
difference grid. If more than layer is selected, then the selected contour maps will be scaled and
placed in the layer MODFL OW Post Processing Charts.

Clicking on a postprocessing object in the layer MODFL OW Post Processing Charts
will bring up adialog box that can be used to alter the appearance of the contour map. Additional
information on editing the appearance of contour maps can be found in the ArgusNE User’s
Guide.

Color Map

Selecting the color map option produces a colorized interpolation of the hydraulic head or
drawdown in the selected layers for the selected time steps in the selected stress periods. If only
one layer is selected, the hydraulic head or drawdown color map will overlay the finite-
difference grid. If more than layer is selected, then the selected contour maps will be scaled and
placed in the layer MODFL OW Post Processing Charts.

Clicking on a postprocessing object in the layer MODFL OW Post Processing Charts
will bring up adialog box that can be used to alter the appearance of the color map. Additional
information on editing the appearance of color maps can be found in the ArgusNE User’s Guide.

Three-Dimensional Surface Map

Selecting the three-dimensional surface map option produces a colorized three-
dimensional perspective map of the hydraulic head or drawdown in the selected layers for the
selected time steps in the selected stress periods.

Clicking on a postprocessing object in the layer MODFL OW Post Processing Charts
will bring up adialog box that can be used to alter the appearance of the three-dimensional
surface map. Additional information on editing the appearance of surface maps can be found in
the ArgusNE User’s Guide.

Cross Section

Selecting the cross-section option produces a plot of the hydraulic head or drawdown as a
function of distance along aline through the modeled domain. The hydraulic head or drawdown
from more than one layer can be included on the cross-section by choosing more than one layer
in the Data dialog for the MODFL OW-96 postprocessor. The orientation of the line and other
attributes of the plot of the cross section can be adjusted by double clicking on the
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postprocessing object. Additional information on editing the appearance of cross-sectional plots
can be found in the ArgusNE User’s Guide.
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