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Chapter 1

INTRODUCTION

This brief chapter provides an introduction to the capabilities and requireméntsraictiveGroundvater
Modeling (IGW Version5.0B), in addition to pointers for using this document and contact information.

1.1

IGW Version 5.0P Software Synopsis

IGW Version5.0Pis a realtime, interactive and visual software system for unified deterministic
and stochastic groundwater modelinge t t e r AiPO0 numbers hander §obon APar al
Computingo. The osfofétpwaarrael liesl ccaoprgphulte ng o, maki ng c

power of

multiple processors the networked systems. This capability reduces computing time

by many folds for complex stochastic simulation models.

Taking advantage of recent developments in mydewater research, numerical simulation
techniques, and visual programming, Dr. Li and his group are developing a software system for
unified deterministic and stochastic groundwater modeling. The system is designed to simulate

unsteady
and

flow and reactiveatrsport in general groundwater formatiosighject to both systematic
6r andoml y palonganithgeological antd chensicalensterogeneity. The current

version of the software, characterized by its full interactivity and-lruileattime andanimated
visualization, has the following distinct capabilities:

1

il
il

High level and gridndependent conceptual modeling. This includes interactive
visual specification and editing of model domain, aquifer properties and stresses
(over any arbitrarihshaped areaat any point in time during the process of model
constructiof, simulation, and analysis.

Automatic grid generation and conversion of conceptual representation to numerical
model(s).

I nteractive S i-tmunhead i @ h s uaanichatiod oféflavin in a n d an
response tboth deterministic anstochastic stresses.

I nteractive, tvimedalp,arand!| &r eabhcking, rando
plume modeling in both systematically and randomly fluctuating flow.

Interactive and visual coittbnal simulation of hydrogeologic and geochemical
spati al f i enle @ s,; and dparalla liconditional flow and transport
simulations.

Interactive scattered data interpolation, regressionyaridgram modeling

Interactive water and contaminant mass balance analysis with visual atidneeal
flux update.

I nteracti ve t ivmesbu antoniatnodr ionrge aolf head hydrogr
breakthroughs.

Realtime modeling and visalization of aquifer transitiorconfined orunconfined to
partially desaturatedor completely dry and rewetting.

I nt eracti ve t ivniesduassimobdeliagudingt®leseopid approach.

Il nteracti ve, t ivmesbuaslt,ocahnads téircesasMont e Carl o sin

The useifriendly software system dramatically simplifies the process of groundwater modeling

and

provides virtually 6instantd analysis with vi

an effective toolfor: 1) Groundwater professionals, site planners, ngans and regulators to
conduct site investi gtaitmed@ wintdh exprapliimeagt sti ma toerg

options,

and remedial schemes, Rg¢searchers to study fiektale physical and chemical

groundwater processes ireterogeneous soils, ar®) Academicsto teach groundwater flow
transportsite investigationand remediatiorusing vivid interactive and redéilme simulations.

1



1.2.

Userds Manual I ntroducti on

This manual is intended to give-depth information concerningW Version 5.0P, including its
interface and implementation. It is assumed that the reader has a basic knowletlyge of
Microsoft® Windows® Operating System.

For more detailed information concerning technical content of the model (i.e., mathematics and
theory) please consult th&sW Version 4.7Reference Manual

ThelGW Version5.0P Tutorials offer stepby-step instructioafor implementing some of the
procedurednethods presented in this document.

1.2.1. User 6s Mmout al L

This manual is organized according to the logical order the user would employ the features of the
softwareinterface,if building a model from scratch. For examplhapter 3 describes the main
interface and the functions of the buttons. These descriptions then direct the user to later chapters
of the document that deal with each representatipie.

On the other hand, the document is not esigkly sequential. Each chapter is written to stand
alone and any information necessary to understand the chapter isefeoeaced. Therefore, the
easiest way to learn a particular aspect of the software is to:

1) Use theTable of Contentsto find theappropriate chapter or sections,
2) Read the appropriate selection, and
3) Referencehe indicated chaptessctionsd oc ument s t o oO6f i | | i n t

Throughout the manual, there are raous INFO (i) texts that give importan
information to enhance tH&W experience.

Throughout the manual, there ®&ECOMMENDATION S thatgive an alternativevay
to run a particular feature or perform a procedurelGW, in order to make itg
functionality easier and more effective.

BoxedWARNING texts are used to warn the users about groundwater modeling a
and operational use 86W that may require more carefattention and evaluatiauring
the operation.

Light gray textindicates features of the software that have not yet ingglemented (but may be
incorporated in théater versions of ittterface).

Throughout the manuakome of thescreen view stylesnay be different from each other,
depending on the Wintavs version in which they were created

It is important to note thathe IGW 3D versions (recentlyVersion 5.0P) and the associated
documents are undergoing constant revision. Check the websit&dgsten 1.3) often for
update.

he

b



1.2.2. User 6s Manual bbAewiatiomsy ms / A

There are gargenumber of acronyms used throughout this text. The acronyms, their meanings,
and the section in which they are first discussed are presentatial-1.

Table1l-1 Userés Manual Acronyms
ACRONYM
/ ABBREV. DEFINITION REFERENCE
AE Attribute Explore (AE) window Section
AEA Attribute Entry Area Section7.6
ASCII American Standard Code for Information Interchan¢ Section20.3
BMP Bitmap Section3.3.1
CAT Cursor Activated Table Figure 3-1
dpi dots per inch Section1.2.3
DT Time Step Section3.5
DXF Drawing Exchange Format Sectionb.2
FAQ Frequently Asked Questions Section2.3
GIA General Information Area Section7.6.2
GIF Graphics Interchange Format Section5.2
IGW Interactive Groundwater Modeling Chapter 1
IW Interactive Wizard Section2.3
JPEG Joint Photographic Experts Group Section3.3.1
LHP Left-hand Pane Section4.1.1
LMA Left Message Area Section3.13
MB Megabyte Section1.2.3
MGD Million Gallons per Day Section9.4.2
MHz Megahertz Section1.2.3
MMOC Modified Method of Characteristics Section13.3.1
N/A Not Applicable Section3.12
PP Plot Pane Appendix E
RAM Random Access Memory Section1.2.3
RBSP River Bottom Sediment Properties Section7.6.1.4.2
RHP Righthand Pane Section4.1.2
RMA Right Message Area Section3.13
SATDI Step Adjustment and Time Display Interface Figure 3-1
SHP Shape Section5.2
SOR Successive Over Relaxation Section13.1.1
SP Statistics Pane Appendix E
TPS Time Process Selector Section4.1.3
VCI Vertex Coordinate Interface Section3.13
VOA Visualization / Option Area Secion 7.6
WAAD Working Area Attribute Display Figure 3-1
XXXX Implies a number between 000 and 999 Section3.13
ZCA Zone Color/Pattern Area Section7.6.2
ZTA Zone Type Area Section7.6.2




1.2.3. System Requirements

IGW Version5.0Pis designed for PCs running Microsoft® Windows®he softwareguns on the
following versions of Windows®: 95, 98, NT, 2000, ME, Ydnd Vista

Table 1-2lists the minimum and recommended system requirements for reliably usii@\the
Version 5.0Psoftware.

Users of Window® 95, 98, NT and 2000 will need access to zip decompression software. See
Section2.1for more information.

Table 1-2 Minimum and Recommended System Requirements
ATTRIBUTE MINIMUM RECOMMENDED
Processor Speed 300 MHz 800 MHz
Memory (RAM) 64 MB 256 MB
Hard Drive Space 100 MB 200 MB
Display Resolution 640 x 480 dpi 1024 x 768 dpi
Color Setting 8-hit 32-bit

Additional Information

Additional information concernini>W can be obtained from tH&W website:
http://mwww.egr.msu.edu/igw/
The site contais numerous topics, including

Exploring the capabilities and algorithms associated with the software,
Viewing software demonstrations and associated presentations,
Downloading verification papers,

Obtaining software documentation,

Downloading the software,

Providing feedback,

Accessing the IGWdfum,

Contacting Dr. Li and his associates, and

Acknowledgements and team members.

=4 =8 =8 -A8-8-a-0_-9_-9


http://www.egr.msu.edu/~lishug/research/igw/index.htm

Chapter 2 GETTING STARTED

This brief chapter outlines the recommended steps to obtain and begin usingel&dh5.0P.

2.1 Obtaining the Software

As mentioned irSection1.3, the software can be obtained from the IGW homepage. The specific
link for IGW Version5.0Pis:

http://www.egr.msu.edu/igw/
At this point,thethreedimensonal Version5.0Pis not availableon the web

Notice that the files have the 06zipb6 extension.
reduce the downloading size and protect the file integrity during transmission. Wihiki&vand

above have builtin zip capability and will have no problem extracting theogoam files
embedded However, users of other versions will need decompression software that supports zip
files. It is recommended to use the version &.higherof the WinZig® archive utility. A fully
functional evaluation version is available on the Internet at

http://www.winzip.com/downauto.cgi?winzip8l.exe
For more information concerning downloading, installingusing Winzig® please consult the
WinZip® homepage at

http://www.winzip.com

If any trouble is encountered attempting to obtain the software, please use the links on the IGW
website to contact Dr. Li or his associatédl feedback is appreciated.

2.2. Installing the Software?

Once the setup files have been extracted from the zipsfiteply execute the setup application
located in the folder where the files were extracted.

|
~ 1 The icon or font may not exactly match thieture at rightdepending on the @
software version and target computer appearance settings. =

setup

Alternatively, some decompression software packages allow the user to install the software as a
continuation of the unzipping process. In this case,nbtsnecessary to execute the setup file, as
the decompression software does it automatically.

The steps involved in the installation process (aftemaitiniy the setup applicatioaje:

Authorizing installation continuation.

Closing other open prograrasd continuing.

Reading the License Agreement and accepting it.

Reading an important notice and continuing.

Selecting the install folder (and verifying overwrite if folder already exists).

agrwDdE

! There are also movies associated with the tutorials document that may be loaded as a package with the software by
using the following link: http://www.egr.msu.edu/~lishug/research/igw/download/ igw3.x/igw3.x.movie.zip.
2V/ersions 3.1 and earlier should ineinstalled before installing of IGW Version 5.0P .


http://www.winzip.com/downauto.cgi?winzip81.exe
http://www.winzip.com/

6. Selecting the Start Menu group.
7. Authorizing continuation (last chaa to review options) and installation.
8. Reading important information and continuing.
9. Reading notification of successful install and finishing.
Once the installation is complete, the software is ready to use. There is no need to restart the
computer.
R

It is recommended to use only o2 version of IGW(4.0 or higherpn a single machin
at a given time. Before installing a differentersion of the software please be surg
uninstall any previous version(s).

2.3. Starting the Software*

The easiestvay to start the program is to use the Winddu@art Menu.Alternatively, the
program can be started by executing the IG¥fsion 5.0P application from the GProgram
Files\Interactive Groundwateb.0P folder i the defaulti or theone chosen durinmstallation.

The software shortcuts are installed in the Programgeractive Goundwater folder in the Start
Menu (again, by default or in the folder chosen during installation). The folder will contain a
shortc®O® o6t BaVt i s pregeach and a shertcdU nt i nt sht @0Fokthat is G W
used to uninstall the program

Upon starting the software, a splash screen with the software credits will appdéag(see-1).

The user mGogtinusdl ibcudt judtoliaé a féw seconds. The splash screen disappears

andthe full screen IGWVersion 5.0Pwindow appearswi t h a &6 Ti p of the Daybd
Figure 2-2) . From the OTjopecanf t he Dayé window

Scroll through the tip list bgelecting "™

Access the Frequently Asked Questions (FAQ) list by clic|  Freauenty Asked Questions
Open the stejy-step tutorial by clicking  tep by Step Tutarial

Open the odine helpby clicking Orline Help :

Close the window  “** | and
Deci de whet her or not the &6Tip of the Daybd w

software start

Completing thestep by step tutoriakksons is a very good way for beginners to become familiar

with the IGWVersion5.0Pinterface and basic functionalitfhe stepby-step tutorial is a help file

version of thdGW Version 5.0P Tutorialslocument. It contains a number of movies associated

with the tutorial lessons that show how the steps should be completed and what should occur after

each step is taken (available only with the maoéware download bundlie see footnote 1 on

pageb) . Closing the o6Tip of the Daydé window provid
can be reopened at any time throughHlep menui seeSection3.3.7). This is the starting point

for all features, and provides a focus point for discussion of the software implemerfitation

continued inChapter 3.

A =a a8 -8 -9

Step by step tutori al and FAQ iIGW VYewion
5.0P

% There are some Versions of Wind6Y@5 and 98 that may require the system to be restarted.
* Refer toSection2.1 of theIGW Version 5.0P Tutorialslocument for a stepy-step example of starting
the software.
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INTERACTIVE GROUND WATER

A GIS-enabled Computational Steering Environment for Integrated Determinitic, Stochastic, and Multiscale Modeling
A New Paradigm for Real-Time Simulation, Visualization, Analysis, and Presentation

Laboratory of Excellence for Realtime Computing and Multiscale Modeling

Copyright [C) 1997-2008 at Michigan State University
http://www. egr.msu.eduligw/

System Infa ...

Figure 2-1 16w Version 5.0P Splash Screen

*3 Tip of the Day

X

'f@\' Did you know ___

Select 3 polygon, then presz <Al + L to add
additional layers.

Frequently szked Questions |

Step by Step Tutorial |

Online Help |

v Show tips on startup

Cloge

Figure 2-2  Tip of the Day




Chapter 3

MAIN WINDOW INTERFACE®

One of theprimaryfeatures of IGWVersion5.0Pis that it is very intuitive, helpinthe userto grasp the

functionality of the software and thterface due to its logical layoutThereforethe ideal place to begin a
discussion of the software implementation is with the interface.

3.1.

Main Window Layout

IGW Version 5.0Pmain windowshown inFigure 3-1 is divided into # parts (A throughN) to

facilitate its functionality and explanation of items/buttons/zones etc. The subsequent sections

explain each of thesE3 partsof the main window.

A B H
Dl @ T
kP <0 ‘|
HA7Q | i :
= |2 Al r
+ | % %5l C a1
eIl Grid Dased Operotion
!l e 570 m =
@] D H
eat s
T Te“‘tk‘x o406 ey
Rl b Wk 5:1|
l--nslﬁ D H:{ %
= wjoreo fli |
[ oo
T b
s o E e
R ) o=
Beie 10tel
El
M
F " - s .
Layer 4(1): Steady Flow, Time Elapsed = 0 days {0.00 years)
— — —
Total time used in the last dicretzation: 22(s)
A- Title Bar H- Attributes Explorer Button
B- Menu Bar I- Layer Selector
C- Button Palette J- Grid-Based Operations Button
D- Step Adjustment and Time K- Cursor Activated Table (CAT)
Display Interface (SATDI) L- Working Area
E- Working Area Display Tools M- Working Area Attributes Display
F- Layer Navigator (WAAD)
G- Vertex Coordinates Interface N- Status Bar/Message Bar

Figure 3-1

IGW Version 5.0P Main Window

® Refer toSection 2.20f thelGW Version 5.0P Tutorialslocument for a short interactive walkthrough of the Main

Window interface.
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3.2. Title Bar

The o0title baré shows the name 0B, andhtlee namef t war e,
and path of theopehi | e (in this case the software defaul
Window€ but t ons that all ow t he® togglethe indow betvieeni mi ze 6 t
ful-screen and small wi ndow, and close tHlee program

menui seeSection 3.3.1). The remainingattributes of the main window are discussed in the

following sections.
*3 Interactive Groundwater 5.0P --> Untitled

3.3. Menu Bar

The émenu bard is | ocated just below the title b
File, Modeling, GIS, 3D Visualization, Utility, Display, andHelp.

IEiIe Modeling GIS 3D Visualization  Utilities  Display  Help

Each of these menu items is explained below.

3.3.1. File Menu

TheFile menu contains the following operations:

Create New Model Selecting this opens a new file. Thi s
a New Model &ectlorudtdt Mew to Vessom5.0Pis the
option to select openingjther an entire project or a sindéger. More
discussion on layers will be given in subsequent chapter

R

The user should save work prior to creating a new model &
software will not prompt the user to save it.

*3! Interactive Groundwater 5.0P --= C:\Documents
N Modeling GIS 3D Visualization  Utilities  Display  Help

Create New Model Project

(Open Model From File b Laver
Save
Save Model As 3

Import Third-Party Model  »

Open Model From File Selecting this opens an existing IGVWérsion 5.0P file. A window
titl ed 06 Ophemneférealbowing ehe ruser to browse to the
location of the desired file. The user only has the option to open a
conceptual model, as the giidsed model option is not yet offered.

The user shouldrememberthat 2D version files are nd
compatible with 3D versions, or vice versa.

® This function minimizes only the Main Window. Other IGW Version 5.0P interfaces are not affected.
9



IGW can run multiple models through different sessid
simultaneously. Previouslysaved files can be openedin
separatéGW sessiongat the same time.

*3 Interactive Groundwater 5.0P --> C:\Documents
FIEN Modeling GIS 3D Visualization  Ukilities  Display  Help

Create Mew Model 3
Open Model from File Open Conceptual Model
Save

Save Model As 3

In IGW, you cannot doublelick on an existing model file t
run it. Instead, the user should go irile menu.

If the Working Area for an existing modeling sessoamtains g
large amount of dafahen it may be difficult to create a ng
model using the samesessiondue tomemory issues. Instea
the user is recommended to open a fresh IGW session an
create the new model in that session.

Save Saves the latest changes in the model currently open.

The first time you click onSave in a new model wi
automatically open the 6Sa
saved, subsequent use of Save will save the model witl
latest changes

Save ModelAs Sel

Import Third -Party Model

ecting this saves all present wor k
appearsallowing the user to save the file in the desired location. A

valid name must be supplieak no default name is given. The user can

al so sel ect (in a subsequent
include file parameter comments (sekection 23.2 for more
information).

*3' Interactive Groundwater 5.0P --= C:\Documents 4

FIEN Modeling  GIS 3D Visualization  Utilities  Display  Help
Create New Model 3
Open Model from File 3
Save

Save Model As Save Conceptual Model

Import Third-Party Model »

Tremmwk Pk we 8

This option is not active in IGW 5.0P.

6 Message

Import Picture Selecting this allows the user to import a picture into the model. The
cascading options all owrt héeAsu slemE Géo ¢

(See

Chapter 5 for instructions on how to import pictures

permanently.)
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Export Picture

Export Model Results

Page Setup

Print

Exit

This function will only temporarily placea picture in thg
Working Area.

Selecting this allows the user to export the Working Area (discussed in
Section 3.13 as a picture. The cascading options allow the user to
choose 00As OBMP BéeSeetion23.1for more advanced
graphics capture options.

Selecting this allows the user to save data for hydraulic head (m),
concentration (ppm), seepage velocity (m/d) in x, y, and z directions
and hydraulic conductivity (mjdfrom the current model. A window
titl ed 06Sa,alowingthé user popaa thesdata file with a
desired file name and specify the path. This selection is available only
after the model has been discretized (Gbapter 12). SeeSection
23.4for more information.

*3 Interactive Groundwater, 5.0P --> Untitled

GIEN Modeling @IS 3D Visualization  Ukilities  Display  Help
Create New Model 3
Open Madel from File »
Save
Save Model As 3

Import Third-Party Model  »

Impork Picture »
Expork Picture »

Export Model Results

This Computation Laver
whole Model

Exit

Since theparameter unitsare internally assignetio metric
systemvaluesin the model exporting interface, the user can
change them.

Additionally, Version5.0Pallows the user the option to save either one
computational layer of their model, or the entire model altogether.

Selecting this allows the user to set the page up with their preferences.
At this time the selection is inactive.

Selectng this allows the user to print the active screen. A window
prompting the printer function will appeaallowing the user to select
the desired printing feature.

Selecting this exits the program. The software will prompt the user to
confirm the deise to exit the softwaréf the model has not been saved.

Closing the Main Window is another way to exit the softwarg

11



3.3.2. Modeling Menu

The Modeling menu contains the following operations, all of which can be found on the button
palette. The names of each operation are listed along with their respective location on the button
palette, given in a (row, column) format:

%3 Interactive Groundwater 5.0P --> C:\Documents

File Nt cIS 30 visualization Utilities Display Help

Deep/shallow Discretization
Run Model Forward
Fun Model Backward

Define Model Domain)Import Basernap Modeling !

Define Model Grid

Mumerical Solver Settings
Set Simulation Time Parameters
Set Default Model Parameters

Reset Flow Clock
Reset Concentration Clock,
Reset Particle Clock

Iriitialize: Plurne
Initialize Particleds)
Delete All Particlels)

2 gl + | = |5l | |

Functions in this menu willdexplained in later chapters.

3.3.3. GIS Menu

The GIS menu allows the user to bring files stored in GIS forimit IGW. This menu contains
GIS Model Importer, County-Based AssistantandGIS Exporter buttons. Se€hapter 22 for
further details.

%3 Interactive Groundwater 5.0P --= Untit
Drisp

File Modeling 3D Visualization  Ukilities

- GIS Model Inporter
D D E County-Based Assistant
% 9‘{ IS5 Exporker

3.3.4. 3D Visualization Menu

The 3D Visualization menu is briefly explained below. More details are giveGlimapter 21

%y Interactive Groundwater 5.0P --= Lintit

File Modeling GI5 BERUENEEENRGN Ukilities  Dis|

Showe as 30 Surface
D ﬁ ﬂ @ Show as 30 Volume l
b I — I D | =

Show as 3D Surface  This feature allows the user to view the results of the modeltlasee
dimensional surface, which can be manipulated in yilew for clarity.

Show as 3D Volume  This feature opens a new window with many optionsaliatv the user
a complete toolbox of operations for viewing the model in three
dimensions. Such options include crgsstional and fence diagram
manipulations of the model.

12



3.3.5. Utilities Menu

The Utiliti es menu contains the operatioshown inFigure 3-2. Each of these operations is
explained below

%5y Interactive Groundwater 5.0P --= Untitled

File Modeling GIS 30 visualization BERIEES Display  Help

Set Screen Capture

Data Sampling »
Set Global Units

Cell Attribute Viewer

Unlock, Cursor [ Discretization Flags
Set Probe Sensitiviey for Mode Edit
Open a process file »

arid-Based Operation

] i = P S i
Flgure 3-2 Utilities Menu

AL 4
B W9\
AR AR

Set Screen Capture Selecting this brings up tSkcon6Aut omat i
23.1.1for a detailed discussion of the window and its functionality.

Data Sampling Selecting this brings up two option®andom Sampling and
Sampling at Calibhead

6Random Sampl i batpbRandgmeSasplidg hwi néd o w
(Figure 23-3) and allows the user to take a random sample of the data
from the Working Area. This selection is available only after the model
has been discretized (S€bapter 12). Also seeSection23.5for more
information.

6Samplindeadd Cabmpar es sampl es at we
models the data as samples versus the predicted head. This feature will

allow the user to see if the samples have beenpreglicted or under

predicted, based on the results.

Set Global Units Selecting this fature allows the user to set the unit types on any of the
variables needed in the mod@hble 3-1 andFigure 3-3).

To change the unit of a parameter, simp
click the mouse to cycle through the
available units until the desired one appears.

13



Table 3-1

Available Units in IGW

UNIT TYPES

UNIT SYSTEMS

Metric

English

Customized

Length

ft
inch
km
mile
m
cm

Conductivity

m/day

ft/day

ft/day
m/day
cm/sec

Time

day

day

day
hour
sec
month
year

Concentration

kg/m?®

ppm

ppm
ppb

g/m®

kg/nt®

Head

ft
inch
km
mile
m
cm

Recharge

m/day

inch/year

inch/year
m/day
cm/day
cm/year
ft/year

Leakance

1/day

1/day

1/day
1/hour
1/sec
1/month
1lyear

Pumping Rate

m’/day

GPM

GPM
MGD
m/day
m’/sec

l/sec

Velocity

m/d

ft/day

ft/day
m/year
m/day

Solute

kg/day

Ib/year

Iblyear
kglyear
Ib/day
kg/day

Angle

degree

degree

degree
radian

Area

acre

acre

Specific Storage

1/m

1/t

Partioning Coef
(Ko)

m’/day

1/ppm

Bulk Density

kg/nt®

g/m?

14



Unit Spstem
" Metric
* English
" Customized
Length D Solute [byear
Conductivity ft/day Angle
Caoncentration (=/=lyy] gtp:[ggig
Head Partitioning oo
EI Coef - Kd
Fecharge BulkDensity -W
Leakance 1/day
Pumping Rate  |GPM
‘Welocity
Cancel Ok
Flgure 3-3 Set Units window

When entering numbers, interface first change the
and then input the numerical value. When chang
units, software automatically converts the exist
numerical value into the new ones. Getting in {
habit will prevent input errors when inputtirdpata
into the software.

Also, after changing the unit, be sure to delete
numbers from the numerical field before entering
new ones. Some numbers may be present in the
but not visible, due to the number having ma
decimal places (antherefore not being completely
displayed in the given field). Again, this hel
prevent data entry errors.

Cell Attribute Viewer  Selecting this allows the user to choose the desired parameters for the
model. More information is found on this topic$ection3.12

Unlock Cursor/Discretization Flags

Selecting this feature allows the user to unlock the
cursor to reveal values in the Curgertivated Table. This feature also

allows the user to nke chages to the model without having

discretize it, offering flexibility to the user in terms of approach

variations for a given model.

Set Probe Sensitivity for Node Edit

opens

This feature is used to increase or decrease the
sensitivity area for cursor activati for node editClicking on this item
the O6Probing SettingFgurer

3-4. SeeNode Edit Modein Section3.16for details

15
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3/ Probing Setting for, Node Edit g@@

Probe Size

f*  Automatic 1/ w | of Deltax of Mesh Grd
" Customized l:l

Cancel | 1] 9

Fig ure 3-4  Probing Setting for Node Edit window

Open a process file This feature allows the user to open a Monitoring Well or Pline Flux
data file. Please refer Bectionfor details

Grid -Based Operation Selecting this feature allows the user to modify the grid using different
array featuresGrid based operations are explaine€hmapter 17

3.3.6. Display Menu

TheDisplay menu contains the following operations:

Zoom out Selecting this slimks the Working Area and Working Aree Q |

Attribute Display within Mo d el Sc

out 6 b uS$ettionB.4) pesferras the same function.
SeeSection3.13for information concerning the Working Area,

the Working Area Attribute Display, and the Model Screen.

Zoom in Selecting this enlarges the Working Area and Workir=
Area Attribute Display \wthin the Model Screen. The (ﬂ
6Zoom i nb6 Sectiont3.d) nperfgrrasetee same
function. SeeSection3.13for information concerning the
Working Area, the Working Area Attribute Display, and the Model

Screen.

Refresh Selecting this updates the Working Area and other IG
Version 5.0P windows to include all recently changet@
parameters. The Sdetoh B.4 s button (

performs the same function.

Display Options Selecting this opens thé Mai n M®ddeaelw Optiondé windo\
Section19.1 details the options available in this window for changing
the IGWVersion5.0Pdisplay.

Change Display Property This feature is currently inactive in IGWersion5.0P.

Attributes Explorer Selecting this feature access the Attributes Explorer window. For
detailed information on this feature and all of its uses, Eeer!
eference source not found.

Show Toolbar By default, this feature is active. Wlecting it will remove the button

palette SATDI andWorking Area Display Toolérom the Model
Screen.
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Show Model Notepad By default, this feature is active. téelecting this removes the
Working Area Attribute Display (WAAD) from the Model Screen.

3.3.7. Help Menu

The Help menu contains the operations shown kigure 3-5. Each of these operations is
explained below:

%3 Interactive Groundwater, 5.0P --= Untitled
File Modeling GIS 3D Misualization  Ukilities  Display BEl

D‘Bﬁ"ﬂ‘®| Aboutk .,

Tip of The Day
. | S | — | Iﬂl| Wisit Ls on The Web
Figure 3-5  Help Menu

About é Selecting this opens theéredits window (seeFigure 3-6). It is very
similar to the splash scre¢hat appearsvhen the software is started.
The Credits window lists the full software title, theames of the
developers, and the home institution of current software development
the Department of Civil and Environmental Engineering at Michigan
State University.

There is also a 6System I nf%éé butto
6Syst em | n fsadewmdow iopathér agpmpriate interfdce

depending on WindoWsv er si on), and an 6OK®& buttor
6About €6 window. The | GW website may

the web address.

3

*> About ...

INTERACTIVE GROUND WATER

A GlIS-enabled Computational Steering Environment for Integrated Determinitic, Stochastic, and Multiscale Modeling
& New Paradigm for Real-Time Simulation, Visualization, &nalysis, and Presentation

Laboratory of Excellence for Realtime Computing and Multiscale Modeling
Copyright (C) 1997-2006 at Michigan State University

http: / v, egr.msu. edudigw/
System Info ...

Figure 3-6 16w credits

VisitUson TheWeb Sel ecti ng this opens t he computer
http://www.egr.msu.edu/~lishug/research/igw. This is the IGW home
page.
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3.4.

Tip of the Day Selecting this toggles the 6Tip of the
mark appees in this window f it is active The o6Tip of t he
window is discussed iBection2.3

Button Palette

|-.r

@ IO N

® =

The 6Button Paletted i s | deft-handside ofthesnain viineldwow t he m
(seeFigure 3-1).

In theinitial state, the software displays 48 buttons, all of which are active in 5&® The
button functions are explained further in the remainder of this section. The title fmfttbe is
appears in Aubblebox when the cursor is placed over it.

Due to differences in display resolution settingise Button Palette may appea
differently on some machines.

The location of each button is given next to its name (roa, column) format that coincides
with its location in the 12 x 4 palette.

Create New Project (1, 1)

Clicking this button opens a new model without saving the current work. It performs the
function as the 6Ndieméha@eetion3.3.9.per ati on i

Open Model (1, 2)
Clicking this button allows the user to open a previcgslyed model in IGW.

Save model (1, 3)

Clicking thisbutton allows the user to save the current model into any desired location

Define model domain/Import Basemap (1, 4)

Clicking this button initiates the process of setting a picture file as a basemap in the W
Area (secsection3.13 by opening the O6Model Scal e
discussed further i€hapter 5.

Reset Toolbar (2, 1)

Clicking this button resets the cursor
mode 6. The cursor is initialized to se

Create Zone/Assign Properties (2, 2)

Clicking this button allows the user to define a zone (polygon) within the Working Are
Section3.13. Thecursorisse t o O dr a Sectiom3d @ énd thesusee may simpl
click within the Working Area to define points that denote the outline of the. Zdreezone
creation pocess and other zone implementation information is discussed furtbbeajter 7.
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Create Polyline/Assign Properties (2, 3)

Clicking this button allows the user to define a polyline (a series of line segments) witf
Working Area (se&ection3.13 . The cur sor (deaSecsonl6 and the
user may simply click within the Working Area to define points that correspond to the
segment endpoints. The poh# creation process and other polyline implementa
information is discussed further @hapter 8.

Add Well (2, 4)
Clicking this button allows the user to define a well (point) within the Working Area
Section3.13 . The cur sor i sSetoe 8.16tand thé dseranay simpl

click within the Working Area to define a point that corresponds to the location of the
The well creation process and other well implementation information is discussed furi
Chapter 9.

Modify Existing Zone (3, 1)

Clicking this button allows the user to replace the active zone with another zone, w
having to redefine the zone attributes or any associated scatter S@ot®if7.3). The first

click of the button brings up one of t
text, 6You should select a zone first!
wi ndows appears with the traplade the carfenteonewith
new one?6, if there is an active zone.
I f the O6Messaged window appear s, t h eselacts
the 6Redefine Applied Area for a Zonebd
I f the &War ni n gefify that thedcornect zopepsesalected, If not, then se
O0NoO6, activate the desired zone, c dsdlect khe
O0Redefine Applied Area for a Zoneb but:

The cursor enters oO6draw moded and the |
old one. Once draw mode has been entered, the user may continually replace the
zone until satisfiedrhis process is described furtherSaction7.5.

Select/Edit Zone (3, 2)
Clicking this button allows the user the select a zone within the Working Are&éstien

3.13 . The cursor i s Sectpon3.16) and thes usdr enaytsimplyockit
within a zone in the Working Area to sce
zone actived. When a feature is selec

highlighted inthe Attribute Explore (AE) windowr his process is described furtherSaction
7.2

Select/Edit Polyline (3, 3)

Clicking this button allows the user the select a polyline within the Working Are&émion

3.13 . The cur sor i sSedoa 3.16tard thé sser imaysimplynlcidoa
polyline in the Working Area to select
polyineact i ved. When a feature is selected,

highlighted in the Attribute Explore (AE) window (s&ection Error! Reference source ni
ound). This process is described furtheiSaction8.2
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Select/Edit Well (3, 4)

Clicking this button allows the user the select a well within the Working AreaSseton
313 . The cursor i s Secton3.1f and the wsér may simplylitkeod
wel | in the Working Area to select it
act i ve Ga. featWih is selected it appears outlined in red in the Working Aree
highlighted in the Attribute Explore (AE) window (s&ection Error! Reference source ni
ound). More detail found irSection9.2

Add Single Particle (4, 1)

Clicking this button allows the user to add a single particle in the Working Are&é¢stien
3.13 . The cursor i s Sestiert3.1§ and thedusea may siropdy ekt
within the Working Area to define a point that corresponds to the desired location

particle. Particle implementation is discussed furthehapter 10.

Add Particles Inside Polygon (4, 2)

Clicking this button allows the user to add a group of particles in the Working Aree

Section3.13 . The cur sor i sSedi@8.16tand thé dseranay simpl
define a zone that outlines the desired location of the particles within the Working Area.
the zone is defined, the O6Particlesd wi
particle columns desired. Oncetherumr i s enter ed, either

zone or O0Cancel d to abort. ParChapterllOe i mp

Add Particles Along Polyline (4, 3)

Clicking this button allows the user to add a polyline (a series of line segments) of parti
the Working Area (se8ection3.13 . The cur sor i sSecsoad16 and
the user may simply define a polyline that indicates the desired location of the particles
the Working Area. Once the polylinegthe
user to enter the number of particles to be released along the polyline. Once the nu
entered click 60OK&6 to create the partic
is discussed further i@hapter 10.

Add Particles Around Well(s) (4, 4)

Clicking this button allows the user to add patrticles to existing wells. This is discussed"
in Section10.1.4 Particle implementation is discussed furthe€Chapter 10.

Add Scatter Point (5, 1)

Clicking this button allows the user to add a scatter point (associated with a zone)
Working Area (se&ection3.13 . The cur sor i s$Secsopdl6 and thé
user may click at anpoint in the Working Area to define a scatter point. This process m:
repeated as desired without having tesre | e c t the O6Add Scatt .
sure to wait for the crosshair cursor to reappear before defining another scatter point)

If no zone is active, attempting to add scatter points in the Working Area will bring u
O0Messaged window with the text 6édYou shc
button, select the desired zone, and thea fei ¢ k t htet e AdRdo i Shctad b
implementation is discussed furtherSection7.7.
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Before adding scatter points, the user should first select the polygor
which they will add the points. In order to access to scatter points
corresponding zone should be activated.

Select Scatter Point (5, 2)

Clicking this button allows the user to select a scatter point within the Working Aree
Section 3.13. The zone associated with the desired scatter point should be active g
clicking this button, or else the user will not be able to select the desired scatter poin
cursorisset o 6 s el e c $ectiond.d6: &nd the wsex may simply click on a scal
point (associated with the active zone) in the Working Area txrsél This is alternatively
referred to as O6making the scatter poir
in red in the Working Area and highlighted in the AE window (SeetionError! Reference
ource not found.

If no zone is active (or none are yet defined in the mbdielwhich case no scatter points ¢
exist yet and therefore trying to select one does not make sende) then attempting to sele
a scatter point elicits the O6Warningo6 v
this case click 060K©®, select t he zalickethe:
6Sel ect Sc an Bcatter PBirt impléméntabon ts tliscussed furth8ettion7.7.

Add 3D Attribute Model (5, 3)

This feature allows the user to treat the entire model by adding recharge to the first acti
within each node of the simulation for which these boundaries are established.

For instance, it could be that the water table is not present until layeth® model, anc
therefore it makes sense to only apply recharge to this layer versus the top layer 1
results. The user outlines a portion of the active area (or the entire active area if so de:
apply this feature, and once discretizedrialel will add active recharge/evaporation only
the active layers

Select 3D Attribute Model (5, 4)

Clicking this button allows the user to select any of the 3D attributensulels that were
created in the above step for adding recharge tactwve layer of the simulation. This featu
is identical to selecting a zone within a model.

Set Simulation Time Parameters (6, 1)

Clicking this button allows the user to edit the time parameters associated with the mc
opening the 6Simulation Time Parameters
in Chapter 11

Set/Edit Default Parameters for the Active Model (6, 2)

Clicking this button allows the user to change the model parameters of the active mu
| ayer assigned to zones when they are
Those parameters are discussed furth@hapter 6.
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Define Cross-section (6, 3)

Clicking this button allows the user to create a ceesgion by defining its extent (as a ser
of line segments) within the Working Area (sBection3.13 . The cursc
mo d e 6 Se(tisn.46 and the user may simply click within the Working Area to def
points that correspond todldesired crossection linesegment endpoints. The cres=ction
creation process and other implementation information is discussed furt@érapter 16.

This process is discussed furtheiSaction16.2

Deep Discretization (7, 1)

Clicking this button allows the user t
Gridd window. Mor e informati onChaptenl@er ni

Shallow Discretization (7, 2)

Clicking this button applies the changes made in a conceptual model onto the numerica
(al so referred to as 6discretizing t h
discretizatioris presented ihapter 12

Create Submodel (7, 3)

Clicking this button allows the user to define a submg@pelygon) within the Working Aree
(seeSection3.13 . The cursor i s Sestient3.16;, and thel usex ma
simply click within the Working Area to define points that denote the outline of the de
submodelUse of this button is discussed $ection15.1 The submodel creation process a
other implementation information is discussed furtheChapter 15.

Select/Edit Submodel (7, 4)

Clicking this button allows the user to select a submodel within the Working AreSdsten

3.13 . The cursor i s Sectpon3.16) and thes usdr enaytsimptycclit
within a submodel in the Working Area t
the submodel actived. When a feature is

and highlighted in the AE wirlv (seeChapter 4). This process is discussed further
Section15.7.

Display Options (8, 1)

Clicking this button allows the user to adjust numerous display parameters by openi
6Main -MordaeWw Opti ondé window. Thi s iGpttiho
from theDisplay menu is selected. This window and its functionality are discussed furtt
Section19.1

Refresh Screen (8, 2)

Clicking this button causes all IGW Version 5.0P screens and windows to be redrawn w
incorporated changes such as window resizing or a changing of color for a certain attril
is not al ways necessary to elbaftwake automaticalf
updates most changes. Details concerning changing the display are pres&etebiml 9.7,
Clicking this button i s t hDisplay menei seeSectisre
3.3.6
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Zoom In (8, 3)

Clicking this button enlarges the Working Area and Working Area Attribute Display withir
Model Screen (seBection3.13 . This is the sameDisplay s e
menui seeSection3.3.6 The 6Zoom i n6 buSettionh9.8i s di

Zoom Out (8, 4)

Clicking this button shrinks the Working Area and Working Area Attribute Display within
Model Screen (se8ection3.13 . This is the same Bisplays

menui seeSection3.3.6 The 6Zoom out 6 b Seactiomld.8i s d

Numerical Solver Settings (9, 1)

Clicking this button allows the user to adjust flow, transport, and stochastic model
settings by openi ng Chapter 13§oB radrevirdorntatiorwdoncetnin
the solver engine settings.

Run Model Backward (9, 2)

Clicking this button causes the software to track particles in the opposite dir
of the velocity vectors. Backward particle tracking is present&eation10.3.2 @

If the button is inactive it will appear grayed out as shown to the right.

Pause/Stop Model (9, 3)

Clicking this button causes tlseftware to stop the present simulation at the current state.
software will finish its calculations and the model redraws for the present time step
appearing idle

Run Model Forward (9, 4)

Clicking this button causes the software to solve the numerical model. If the model is
transient state, or there are transport calculations to be done in astsgadyodel, then th
software will continually update as it proceeds through thelsiion. Options for running th
model are discussed @hapter 14. The solver options are presentedChapter 13. The
model must be discretized (s&@hapter 12) before attempting taolve, or else an errc
message will appear.

Reset Flow Clock (10, 1)

Clicking this button resets the OFI ow
Interface (seeSection 3.5), and the flow component of the elapsed time displayed in
Working Area Attribute Display (seBection3.13.

Reset Concentration Clock (10, 2)

Clicking this button resets the 6Pl ume
I nt er f &ectod 3.5, and the plume componeonf the elapsed time displayed in tl
Working Area Attribute Display (se®ection3.13.
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Initialize Plume (10, 3)

Clicking this buttonreturns all concentration plumes to their original locations and reset
concentration values for all cells in the model.

Reset Particle Clock (10, 4)

Clicking this button resets the O6Parti
Display Interface (seBection3.5), and the particle component of the elapsed time display
the Working Area Attribute Display (s&ection3.13.

Add Text (11, 1)

Clicking this button allows the user to add a text field in the Working AreaSseton 3.13).
The cursor i s s &dction3d6, am theuser may diraphjick (atsagant in
the Working Area to designate a text field.

The clicked point corresponds to the upledt-hand corner of the tex
field. Also, the text field will not be visible until text is actually typ
into it via the AE window $ectionError! Reference source not fouhd.

Select Text (11, 2)
Clicking this button allows the user the select a text field within the Working Are&éation

3.13 . The cur sor i sSetoa 3.16tard thé sser imaysimplyrslcidos
text field in the Working Area to sel ec
fi eld actived. When a feature is select

highlighted in the Attribute Explore (AE) window (s&ection Error! Reference source n¢
ound). Text fields are discussed furtherSection19.3.2

Initialize Particle(s) (11, 3)

Clicking this button returns all particles to their original locations. Particle implementati
discussed further i€hapter 10

Delete Particle(s) (11, 4)

Clicking this button deletes all particles from the conceptual model. Particle implemente
discussed further i€hapter 10.

No Capture (12, 1)

Clicking this button turns off all capture options. Screen capture options are discus
Section23.1.2

External Calling Capture (12, 3)

Clicking this button activates the tinstep save feature and allows the user to invoke
manual timer function. Screen capture options are discusSstiion23.1.2
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Timing Capture (12, 3)

Clicking this button activates the automatic timing screen capture option. Screen ¢

options are discussed $ection23.1.2

Set Capture Option (12, 4)

and

6Zoc

CFT Clicking this button allows the user t
Captured window. Scr een Secdopa3.a.2 e opti ons
3.5 Step-Adjustment and Time Display Interface
The 6Step Adjustment and Ti me Display nmanterfacebd
screen immediately below the Button Paleadte highlighted inFigure 3-1. When model is
running in transient mode, this area provides quick access to visualization for flow time, plume
time and particle time. The area also provides interface to make changeseingt of time steps
for the flow model, the plum and the patrticles. For more details on SATDI, please rgéatin
11.2
3.6. Working Area Display Tools
There are 12 buttons in Working Area Display Tools. Clicking t D ﬁ a G:_l
arrow buttons in thearea will move the entire Working Area anc
WAAD within the IGW main window.The buttons in the right most g
column are 6Zoom | nbd, él@efrTehseﬁIﬁé
exactly the same as those on the Buttons PalettSésion3.4). D & Q Q
By clicking the button in the center of all arrows brings the
Working Area and WAAD back to default magnifications and location.
3.7. Layer Navigator
Layer navigator displays the number of currei;— _
geological and computational layer in the mode *** €= [Emp |Corp: | |4 | E_p
Using the arrow buttons, one can navigate between geological and computational layers in the
model.
i . .
The termsggeological layeror conceptual layeconvey &actly the same meaning IGW
Version 5.0Rlocumentation. These terrakso appeainterchangeably in thESW Version
5.0Pinterface and menus.
3.8. Vertex Coordinates Interface

6Vertex Coordi na

. : Vertex Coordinates : [651.7% , 374,58
displays the coordinates of the las.

[m] > Action accepted.

vertex defined, and allows the user to manually enter the coordinates of features when defining
them in the Working Area. This provides for much greater accuracy compared to pointing and
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clicking with the mouse. The user should enter the coordinatesnplesiCartesian format by
adding a 6, en d dNote that only lawailaliei unitefdr inputanr MCleisk metdhe

VCI text appeas black (gray otherwisepnlywh en t he cur sor i Sectiann  6dr aw |

3.16.

| The 6endd command is not necessary wh
particles. Al so, using the 6,endbd cd

[or points] havebeen defined, will result in the feature defining process being abd
Certain featureelated status messages will also appear to the right of the VCI field
as OAction acceptedd or O6Action accep
the user may also doubtdick to finalize drawing a polyline.

3.9. Attributes Explorer Button

Clicking this button opens the Attributes Explore (AE) Windoy

AE is explained in detail i€hapter 4. ALTTEES Zpleer

3.10. Layer Selector

The Layer Selector is another user interface to navigate though mige,, & Comp. [T
layers. It also displays currently selected geological and computatir _
layersin the top two boxesThe user can type in a desired computatior - ‘
and/or geological layarumberin thefields provided at the tofm switch -
between layersThe horizontal colored barare graphical representatior T
of geological or conceptual layers in the modeb the left ofcolored -
bars is a sliding buttorEach ick markalong thesliding rulerrepreserg  jo4e1 1

a computation layer. The user can move to sliding button to mc..

between the layer#lso seeSection12.2

3.11. Grid Based Operations Button

Clicking this button opens th@rid Based Operations windowérid Grid-B ased Operation
Based Operations are explainadChapter 17.

3.12. Cursor Activated Table (CAT)

Cell Attribute Viewer

The major portion of the rigkttand side of the main window is occupied K i‘ﬁi

. 7 . .qunn o ~
what is known as théCA‘I‘c)C'UweGAd'ldlspIAWHelAm;d Tabl ebd

varialle valuesin the model at any pointherethe cursor is locatedor the e
current time step (graphic on right). ;
S¥finactive

The lefthandsidelists the name of the variable. The middle fiediisplay the | 2
values and unitsassociated with the variables (the unit fielsl user ;
changeable). The rigitandside contains scroll bar that allows the user t{ w7

view the desired variable if too many are displayed to be seen in the | ™ ]

. FivLeak]nociive [Ty
simultaneously. bobeodi ]
FivBol]ocie i |
. . . . DrrLeak]racive 1750y )
Clicking the o6Cel | Attribute Viey= "EJlbutton brin

at Cur s oasGhowni inkigue\8-7. This window allows the user tg
selectthe parameterto be displayed in the CATand also generally defines

" Refer toChapter 5 of thelGW Version 5.0P Tutorialslocument for an interactive exploration of the
CAT.
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them (as the variable names displayed in the CAT are truncated). Re&dles-2 for expanded
definitions of these variables and croeferences to other sections of this document.

3 Choose Parameters at Cursor E|
# v # Coordinate
Y v % Coordinate
[ [ Gnd[¥
I [ Gnd v
b Top | Aguifer Top Elevation
FealTop [ Feal Top Elevation
A0 Bot v Aguifer Bottom Elevation
Thick [ Thickness
n v Porosity
Ko v Conductivity
Te [ Transmizsivity
Fadby [ Anizotropy Factor -sy
Kuibz [ Anizatropy Factar -8z
FoawDeg [ Anizotropy Onientation - =y
ExzDeg [ Anizotropy Orientation - 2
55 [ Specific Storage
5 v Storage Coefficient
Sy v Specific ield
Rech v Recharge
Dizpl [ Longitudinal Dizpersivity
DizpT [ Transverse Dispersivity
Dizpy [ Wertical Dizpersivity
Kd [w Partitioning Coefficient
Retard [ Fetardation Factor
Head | Hudraulic Head
Wi W Seepage Yelocity in ¥ Direction
YWy v Seepage Velocity in v Direction
YWz v Seepage YWelocity in £ Direction
Conc v Plume Concentration
RivLeak [+ River Leakance
RivHead [v River Stage
RivBatE v River Battam Elevation Select Al
DmLeak, [ Drain Leakance
DrrEley v Drain Elevation
Aquifer [ Agquifer Type rzelect Al
Cell [ Cell State —_—
IBound [ Index of Head Eound
Calit H | Calibration Head ak.
Calb_C [ Calibration Concentration
Calb_K. [ Calibration Conductivity

Flg ure 3-7  Parameters for Cell Attribute Viewer. Checked boxes are default selection.

27



Table 3-2

Expanded CAT Parameter Definitions

Para-meter Association Definition and References
X X Coordinate This indicates the-goordinate of the cursor.
Y Y Coordinate | This indicates the-goordinate of the cursor.
IX Grid IX This indicates the column of the cell the cursor is located in.
Y Grid 1Y This indicates the row of the cell the cursor is located
Ad_Top Aquifer_Top The elevation of thg top of the aq_uifer. It is equivalent to 'Top Elevation'. S8eton
— Elevation 7.6.1.3 Also seeSection6.1andSection6.2.
RealTop Real Top The elevation of the-_ ground surfac_e. It is equivalent to 'Surface Elevation'Sesgen
Elevation 7.6.1.3 Also seeSection6.1andSection6.2.
Aq_Bot Aquifer B_ottom The _elevation of the bottom of the aquife_r. It is equivalent to 'Bottom Elevation'.
— Elevation Section7.6.1.3 Also seeSection6.1andSection6.2.
Thick Thickness The thickness of the aquifer. It is equal to 'Aq_Tam_Bot'.
n Effective The effective porosity of the aquifer material. It is equivalent to 'Effective RgroSee
Porosity Section7.6.1.1 Also seeSection6.1andSection6.2.
K - The xdirection conductivity of the aquifer material. Seection7.6.1.1 Also seeSection
X Conductivity ;
6.1andSection6.2.
TX Transmissivity | The xdirection transmissivity of the aquifer material. leggual to 'Kx * Thick'.
Kx/Ky and Anisotropy The ratio of the »direction conductivity to the -direction conductivity (or the-direction
Kx/Kz Factors conductivity). Se&ection7.6.1.1 Also seeSection6.1andSection6.2.
Kxy degree An_isotro_py The_a ang_le betwe_en _thea«is and the Kx axis (in the-yx p_lane). It is equivalent tq
Orientation 'Orientation of AnisF in XY'. SeBection7.6.1.1 Also seeSection6.1andSection6.2.
SS Specific Storage| SeeSedion 7.6.1.1 Also seeSection6.1
S Cc?(tacf)friiigeit This is equato 'Specific Storage * Thick'.
SY Specific Yield SeeSection7.6.1.1 Also seeSection6.1andSection6.2.
DispL I‘ang'tqu.]al See 'Local Dispersivity' iBection7.6.1.1
ispersivity
DispT I;ransvgr§e See 'Local Dispersivity' iBection7.6.1.1
ispersivity
DispV .Vertlclal' See 'Local Dispersivity' iBection7.6.1.1
Dispersivity
Kd Part|t|'or'1|ng See 'Partitioning Kd' in Section7.6.1.2
Coefficient
Retard Retardation Thi§ is equal to '1. + .[[Bulk !Density/Effective Porosity] * [Partitioning Coefficient]]'. 9
Factor 'Soil Particle Density in Section7.6.1.1for an explanation of 'Bulk Density".
Head Hydraulic Head | This is the hydraulic head in the aquifer.
VX Velpcny'ln X Groundwater velocity in X direction.
Direction
vy Velpcny'ln Y Groundwater velocity in Y direction.
Direction
Vz Velocity in Y Groundwater velocity in Z direction.
Direction
Plume L . ; . .
Conc . This is the concentration of contaminants in the aquifer.
Concentration
This is the leakance factassociated with a head dependent flux component (here, r|
RivLeak River leakance | Leakance is defined in thé®rain' subsection inSection 7.6.1.2 River features arg
discussed inhe River' subsection irBection7.6.1.2
RivHead River stage This_is the stage assigned to a h_ead. depgndent flux component (here, river). River
arediscussed in th&iver' subsection irBection7.6.1.2
RiVBOLE River Bo_ttom This is the bqttom eIe.vatio.n of a head_ de.pendgnt flux component (herg, riRéver
Elevation features are discussed in tRéver' subsection irSection7.6.1.2
DrnLeak Drain Leakance This is the Ieakance faptor as_sociated W_ith a drai‘n featueakance is defined and dra}
features are discussed in tBedin' subsection ifBection7.6.1.2
. ] This is the elevation assigned tali@in feature. Drain features are discussed inDhan"
DrnElev Drain Elevation L .
subsection irBection7.6.1.2
Aquifer Aquifer Type This indicates whether the aquifer is 'ConfinedUnconfined'. Sedppendix A-Il.
Cell Cell State This field indicates whether the cell is 'Wet', 'Dry’, or 'Inactive’. Agmendix A-Il .
Index of Head This figld indicates_whether the cell is 'Active’ (meaning the he_ad is calculdred}jve'
Ibound (meaning no head is calculated for the cell), or 'ConstH' (meaning the cell has a pre
Bound )
head value). Seg&ppendix A-lll .
Calib_H Calibration Head| This field indicates the value of the calibration data for head.
Calib_C Callbrat}o_n This field indicates the value of the calibration data for concentration.
Conductivity
Calib_K Callbrat}o_n This field indicates the value of the calibration data for conductivity.
Conductivity
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3.13.

A check mark should be placed in the boxes correspondittgetdesired parameters. The user
may al so use the 6Select AlIl 6 and 6Unselect AlIl &
the 6Choose Par ame takes tise desited cbanges appeér i@hE.n d ow m

Ibound, Céib_H, Calib_C, andCalib_K camot be visualized ithe Cell Attribute Viewer
at this time

In the CAT, 6l nactived wildl be displayed in all
cursor is placed in an inactive cell.

If a specific parameter is not assigned for a particular ttedh a value of N/A will be
displayed for that cell in the CAT.

Working Area

The remainder of the Main Window is rFgfreerred to
3-8.

Layer 1(1): Steady Fiow, Time Elapsed =0 days (0.00 years)

Figure 3-8  The Model Screen

The Model Screen exists mainly to provide a back

| arge white rect Amaeglae)AtdnmdWAADdthe@ibneckaraiy)gcan
be displayed.

The Working Area is the region where the conceptuatleting is performed and subsequent

solutions are obtained. It can be displayed anywhere within the Model Sanelrasized using

the 6Zoom ind and O6Zoom bytnhe Size df thd nhodehssreehitisl t i s not
larger than the modelscreenedges will appear to go behind the other software interface
componentsife. the CAT, Button Palette, SATDI, VCI, LMA / RMA, et¢c.and even off the

edges of the monitor.
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3.14. Working Area Attributes Display

The Working Area Attributes Display or WAAES attached to the bottom of the Working Area.
The user can have up to four rows of text in WAAD as shown below.

Layer 1(1): Steady Flow, Time Elapsed =0 days (0.00 years)
Zznd Row: User's comments/notes/remarks eto.

3rd Row: User's conmments eto.
drd Row: Comments etco.

The first row appears iaboldface font with default texds shown abov& he default text contains

information about the selectedodel layer[Geological (Computational)Jtype of flow regime

(steady or transiengnd the simulation time elapsed. User asvappendext before the default

text. However, thelefault text cannot be removed from the first row. The appended text sjgpear

the same font as the defaultteBty c|l i cki ng once anywhere in the
window appears where user can add tgxto 254 characters (including spacés)y text added

in this window is appended before the default text.

Input Title E|
Flease input new htle:
Cancel

In the bottom three rows, user can add any desired text. Clicking once anywhere in the desired row
opens the O6lnput Not esd wihchavaaters (icluding spaces)incan add
any single row. The font style and size is fixed for these rds.text does not wrap from one

row to the otherThe text in access to the row length (depending on the size of the WAAD) will

simply not show, but can al ways be seen/ accessed
Input Notes E|
Fleaze input new noke:
Cancel

Znd Fow: User's commerte/notes/remarks etc. |

3.15. Status Bar

The Status bar is located aetbottom of IGW main window. It contaitisreeslender gray boxes
Different messagesill display in these boxesoncerning the model solution status.
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3.16. The Cursor

The cursor is important to using IGMérsion5.0Pbecause of the softwarebs g
The cursor haa number of modeslitcussed irSection3.4) thatit may enter depending on the
current status othe software. Thedaclude:

I Default mode The default cursor mode. The cursor always appears as its default shape. This
mode is used for performing basic WindowsE fun:q

the software. E In order to initialize thewrsor, the default modshould be used

1 Draw and add text mode This mode is used when defining features and adding text in the
Working Area. The cursor appears as a crosshair when it is positioned in the Working Area.

1 Select mode This mode is usedhen selecting features in the Working Area. The cursor
appears with a question mark next to it when positioned ikMir&ing Area.

1 Node edit mode To modify a feature (polygon or polyline), select the feature and then right
click on the feature. Amenpops up. Select O6Edit Nodedé on the
the feature turn into solid black boxes. A blue cross hair similar to a + sign in the middle of
every two consecutive nodes is revealed, which also serves as dinedersor appears with
a question mark next to it (when in the Working Area), bbewthe cursor is brought closer

to either the black box or the + sign, its shape turﬁ%%Holding the left mouse button the
node can be dragged to the new desired locali@avertex is moved so that it lies directly
between two other vertices, the software will automatically eliminate that vertex @s it i
redundant and no longer necessary). See the sections on redefining f&scties 1.3) for
zones andSection8.3) for polylines) for more information.

Using theSet Probe Sensitivity for Node Editoption from theUtilities menu Section

3395, theusecan delineate a 6éregiond around the nod
shape and dragging the mouse for editing becomes enabled. Clicking this opitiiitiés

menu opens therobing Setting for Node Editwindow shown inFigure 3-9. The default

region for cursor activation for node edit is 1/5 of DeltaX of Mesh Grid. User can increase or

decrease thigdm 1/100 to 100 DeltaX using the dropdown choices from Automatic setting.

User can also assign a Customized distance for node edit.

R

When the model grid size is very fine then the default sensitivity for node edi
be only a few pixels and it may d@me difficult to activate the cursor into the e

modeQ{}> unless the mouse is very accurately pointing at the node. In
situations, one can increase the node sensitivity to make nodwesisier.
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3 Probing Setting for Node Edit g@@
5 Probing Setting for, Node Edit g@@

J Probe Size
Probe Size (+ Autarnatic ~ | of Deltax of Mesh Grid
f* Automatic 1/ | of Deltax of Mesh Grid ¢ Customized P:I
" Customized 17
ustomize l:l 14
143 hcel oK
1410 J 4
Cancel | 0K 1420
150 A4

Fig ure 3-9 Probing Settings for Node Edit with dropdown choices

When the model is runninthe cursor turns into an hourglass.

3.17. The Right-Click Menu

When the cursor is in the Working Area the user m;
right-click the mouse to access a spedrap-down

menu that has the follc pertyo,
6Copyd6, OPasted, o6Del et e Edito,
O0Refreshdé, O6Display Opt rfaceo,
6Show 3D Vol umeb, O&6EXDpC i zati on
Tabl eéBaséecx iQper ati ono, r
/Discet i zati on Fl agsb©d.

When no feature is sel ( Refresh shoé, ODi
Optionsd, 6Show 3D Vol U Dpisplay Options on Tabl e
60 GrBads e d Operationbé6, a /

Di scretization Flagsbd ¢ | e.

Show 30 Yolume

Sel ecting 6Ref r egoupdate thel
Working Area and all windows to reflect any recer
changes (seSection19.7). Discretization Table

arid-Based Operation

Unlock Cursor | Discretization Flags i n Model

Selecting 6Display Opti
-Dr aw Opndowo(sedectionl9.]).

Sel ecting 6Sh oens tAeDmodélbih a mesvéwindow with tareedimensional,
editable format. More information on this featuréoignd inChapter 21

Selecting 6Discretization Tabled opens the Discr
feature is found irSection12.4

Sel ect i-Biags eddGrOpder ati ond opens this feature, in w
model manipulation. More detailed explanatairthis feature is found i€hapter 17.

Sel ecting 6Unl ock Cursor [/ Discretization FIl agsb?d
in theright-hand pane as the cursor is moved over them, in an active model.

When a feature is selected, the other entries also become availabtggsee below).Note:
6Paste, O6Del eted, ORemoveod,are@BrandynotBrnplenteadr f aced an-c
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Sel ecting 0 Pr eApEaindow GeeGhppten4 with the seldcted feature attributes
accessed.

Selecting 6Copyd all ows one to copy a feature in
layer of the model, or a different modsgtogether.

Selecting
cursor ou
mar k to t

eithedpuwltes Etdh & dcur s
t of O6Node Edito
he | eft of the 0

or i BectionS.b6doe takEesdthiet 6 mo d e
de. (orlatkeflacheskr ent st at
e Editd entry.

In order to edit polylinesrad polygons, the user should click the related seletiidion or
right-click on the polyline or polygon which will be editein d s el ect 0N

When the user switches to node editing mode, a new vertex is automatically assigng
middle point between two existing nodes. The user is free to change the location
vertex in order to edit the nodes.
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Chapter 4

ATTRIBUTES EXPLORER

While the features of the Main Window provide access to most of the functions oV/&#83Mn5.0R, there
are some operations that need to be performed through other inteAtcésites Explorer (AB)is a
secondary interface mechanism described in this chapter.

The AE is the IGWVersion 5.0Pinterface that provides access to the attributes deatures defined in
the model. Itis pictured iRigure 4-1.

<5 Miributes Explorer =X
splover | Hisrarchy Tree | <<
= B Main Model A Sources an Scatter Point P
L4 ga‘Ems:mm Elevations Sirks Control | Caliration Data
& Crasssection 1
Lot Hydrauic Conductivity Molecular Diffusion
= 4P Zores 1001 I~ Conductiviy D
e - ] |
=% Plnes 1001 _Fanom... | D 2]
f Pline 1007 I Karky [~ D@ |:|
& Pine 1002
L) I~ Kk [~ Orient 337 |:|
5 Cz;;.r.;s zugwﬂ . - Dieatonel [T ] I~ Drients2 Feme= |
ane Ktk
=4 wells 2001 Local Dispersion
Drentation of
o Sz TR v o |
=8 Laer
= P Zones 300 [ Trans l:|
P Zone 3002 Storage Tems - Vet R
&£ wels 3001 .
el 001 [~ Specifc Yild -
. well 3002 I Speciic Storage ] [T |
= Hribbes:
R 30t 1 I Soil Particle Density |:|
I EffectivePorosiy [15
r |
ST Man oden Q|
o C1® Layert
= ity Wasshwater Balance
O P Zone 1001 Sl ET”::’H’;‘::;T — || Verteres 15 ¥ ZoneVishle
O3, water Balance " Area -ame Al Seatter Points
D15 Flume Mass Balance £ Inactvo _Color...| W istle
" For Display Zone Bud;
5O Laper2 widh [ ¢ Zone Budget/~ ZB Onix
= Ll MessAwater Bsance I Domain Cortrel Show Interpolation Model
U 7o 9001 b

AT Layer tabs (Model Explorer and Hierarchy Tree)

B i Left Hand Pane (LHP)

C i Time Processor Selector (TPS)

D i Right Hand Pane (RHP)
Figure 4-1

Attributes Explorer (AE)

The AE opens when theoftware starts but is located out of the way with only a portion of the title bar

visible in the loweright-handc or ner

of t he

user 6s

mon i

tor . It i

independently from the rest of the IGVérsion5.0Pinterface. The AE will need to be moved often as 1) it
is used to define attributes for every model feature, and 2) it is always displayed in front of the Main
Window, thereforeobstructing its view.

To move the AE, one can click and drag the windowstdesired location from the bottom right corner of
the viewing screen, and then minimize it for easy access later on at any time.

As with any other window, the AE can be closed, but it will only remain closed until another feature is
defined in the Worikg Area at which point it will reopen in the center of the screen. If it is needed again

to defi

ni

ng another

Selector (se€igure 3-1 andSection3.9). |__Atuibutes Explorer |

prior
The AE
t he Mo

consi
del

sts

of t wo

featur e,

5.0P. OnlyModel Explorer Layer is discussedthre following subsections.

si mpl yayesel ect

I n |

GW 2D,

there i s an

6Appl yo
button in IGWVersion5.0P. Values entered into the AE are automatically updated.

button

8 Refer toChapter 6 of thelGW Version 4.7 Tutorialsdocument for an interactive exploration of the AE.
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The Model Explorer

The Model Explorer is where model features are selected and attributes defined. It is divided into
three main portions viz. Left Hand Pane (LHP), Right Hand Pane (RHP) and Time Processor
Selector (TPS). These three portions are highlightdeéigare 4-1. LHP displays a hierarchical
representation of the model features for easy selection. dRb\Rs the present attributes for the
feature seleed (in the LHP) and allows for changing thel?S shows all processes in the model
which are time dependent (eg. water budget, concentrationskscl) of these are discussed in
more details in the following sections

41.1. The Left-hand Pane (LHP)

Notice the hierarchy of model features. They can be selected by simply clicking on the desired
feature. Whera feature iselectedthe RHP changes accordingly. Each entry group has a box
next to it with either a (+) ori(), indicatingthat the group ¢a be expanded to shoeither
individual features / subgroups withindr collapsed to hide them.

The first hierarchical | evel is called 6Projecto
overall project.

The second hierarchical level iseali o6 Mai n Model 6. The associated
alternate access to some of the more commonly used buttons from the Button Palette. The
submodel and crossection groups also appear at this level.

The third hierarchical level is referred tesa 6 Layer s 6. This is where tt
computational layers of their model.

These first three levels are commonatbmodels, and will appear dsatures is defined in the
Working Area once the model is created. The associated RHP configaratie discussed in
Section4.1.2

- @ Froject
kB Main Model

[ NI

K P Zores 1001

£ Zone 1001

- #me Plines 1001

#re Pline 1001

- wiellz 1001

o el 1007

o el 1002

- ¥ ParticlesGroup 1001

k. £ PaticleZanes 1001

FarticleZone 1001

6Scatter Point / Particle F
6Feature / Particle Groupé
6Groupd Level

6Layersd Level

6Model 8 Level

OProjectd Level

Figure 4-2  General view of LHP
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Three more hierarchical levels that appear as certain feamdseadded to the model.

The fourth I evel is called 6Group6o. Al l featur
placeholders titled O6Zonesb6, 6Pl inesbd, oOWel | sb,
blank.

The fifth level iscalled Feat ur e/ Particl e Groupbd. I ndi vidual f

with group placeholders for the individual particle feature types. The feature RHPs are each
discussed in the chapter dealing with that respective feature. The RHPs assweitiatiok
particle feature groups are blank.

The sixth | evel is called 6Scatter Point/ Particl
they are associated wjtand individual particle features are listed here in their respective groups.

The RHPs arebriefly discussed irSection4.1.2 The specific chapter that deals wihfeature

contains more discussion on RHP for that feature

The lHP al so has an alternate Olnterpolation Model
functionality. See&ection7.7.6.1

The usemayalso rightclick on anitems in the LHP to access ¢  Refresh
list of functions associated with that entfiight click popup Attribubes
menu is shown at the right and its entries explained below

1 Refreshi refreshes LHP with latest changes Delete

T 6At t rishaws thesRFP associated with the feme

1 06 De |lial¢leted the feature Swikch List

T 61 n 3 imgertsfeatures Import Scatker Points

6 Re n & reades théeature Export Scatter Points
T 6Switchi toggles theéiween the standard ar Lmport Wells
alternate view of the LHP (s&ection7.7.6.) Export Wells

T 61l mport S ciadllaws the uBeo fo nimpatéa set of scatter point wigllshe
selected zonthat were created either in another model or outside of the program.

T 6Export S c-altowsé¢he usér woi save th@atter points from their model for
future use.

T 61 mpor ti th&/aided cardbring in well data from another IGW model that was
previously created.

T 6 Ex p or tthe\Wseel darssave wells created in their model for future use.

In order to import/exportcatier points/wells in IGW, the most common format is C8VG 0 mma
Separated Valyé . This fi | eexdhangematd betiveen diffsrentdapplicatjarsd
can be edited using a text/spreadsheet editor (e.g. Microsoft ®Exdgle structure for
importing/exporting scatter points in CSV format is giveiable 4-1 andTable 4-2

The user is free to import/export as many attributethegwant (or thatiGW
allows) for scatter points.
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Table 4-1

Import/Export Structure for Scatter Points

Scatter Points Data file Generated by IGW

Layer 1 Zone Zone 1001 | Attributes| 4
Well# X Y Cond TopE
Scatter point 1001 692.023008¢ 370.0657891 30.48 3.048
Scatter point 1002 635.279589] 362.6644731 15.24 4.572
Scatter point 1003 624.177615 275.082236 18.288 3.6576
Scatter point 1004 658.7170887 331.8256574 21.336 3.9624

Entries in the spreadsheet must match exactly with the desired zone in the modg

example, if attempting to read a scatter point file indme 1001in the model, the field in
the scatter point file must reatbne 1001 If these are not consistenet sdtware will
either:
1) Display a warning message indicating there is an inconsistency (if there is n
with the specified title), or
2) Read the scatter points into the incorrect zone (if there is a zone with the sp
title).

By default,expotted data in CSV formahas at least two attributes excludisgatter point 1D
(1001 to 1004). These are tKeand Y coordinates of that particular scatter poittdsevalues
change as the user chaagfgem).In the AE, if any modeling parameters are introduced other than
data point coordinates, the spreadsheet file will list those as Wahg Table 4-1, both the
hydraulic conductivity values and the top elevations of the aquifer, from scatter points 1001 to
this

1004, are entered into the model. I n tabl e,
which conceptual modeling components (i.e. zamesd scatt er points) are app
corresponds to the number of data types assigned

active model area onto which scatter points are appended.

The coordinates of a scatter point do not necidggdaave to fall inside of the associatg

zone, but a scatter point cannot be entered without being associated to a zone.

File structure for importing/exporting scatter points is almdlseé same asthat for
importing/exporting wellsThe aly difference will be thewumber of available data types, asli&/
do not have as many attributes as scatter pdimfgable 4-2, the CSV spreadsheet structure for
imported/exported wells can be seen. Here, exclutliegell ID value (1001 to 1004), there are a
minimum oftwo attributesthese being th& and Y coordinates (values change as the edis
them). As additional data arentered in theAttribute Explorer, theyare appended to the
spreadsheetin this example, the new data are for tbp of the screen interval, bottom of the
screen interval and pumpingte for that particular wellThe rumber of attributes are shown on
thesame spreadsket.

Table 4-2  Import/export structure for wells
Wells data file-- Generated by IGW

5
Well # X Y Screen_Top | Screen_Bot| Q
Well 1001 320.7236762| 407.0723684 -23.333 -36.666 -2500
Well 1002 620.4769581| 445.3125 -24.384 -38.1 -2500
Well 1003 571.1348541] 319.4901316 -25.908 -37.1856 | -2500
Well 1004 486.0197246| 416.9407895 -24.9936 -35.052 -2500
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In order to import scatter points/wells to IGtie data base structure should be the sam
the spreadsheet exported from IGW. Tser may choose the sequemnzdollow through
columns of the spreadsheet, by simply exporting a dataset from TG&/ame structure
can then easily be alpgd for the CSV ite that will be imported.

The6 Extposcatter poi rmdnerkdaltothendetriccsystermragardless of the
unit system the data are in presenBgfore importing scatter points/wells to IGW, data shdeld
entered in metric systemmits, for convenience.

There are two other file formats, SPF and SWF. These formats arerraitlyusedin the
IGW importing/exporting procedure.

When an entry is selected in the LHP, it will be highlighted withitee box.In addition, if a
model feature is selected, its corresponding entry in the Working Aredendutlined in red.
Featurs selected in the Working Aredll automaticallypecome highlighted in the AE.

When a feature entry is highlightedLHP, clicking on it a second time (i.e. clicking on it again)
will allow the user to edits name.

If entries in the LHP do not fit within the allocated space, a scroll bar
will appear at the bottom of the LHP to allow the user to pan of 4| [ ]
the extent of the LHP.

The expansion buttor__** | next to the layer tabsiay also be used to enlarge the view of
LHP.

4.1.2. The Right-hand Pane (RHP)

The contents and appearance of RHP is dependent on what is selected in ti&d PP is
where attributes are entered for thadectedfeatures of the model. This section describes some
RHPs corresponding to some model featusesd provides reference ®HPs related tmther
features

4.1.2.1. Project

The RHP for the O6Projectd eFigiredy3d Theauserhe Pr oj e
may enter project identification data such as the name, manager, team, etc. to be stored in

the file. The user may al so sel ect athhe O6Prefe
for either the project files or GIS files used in the model, as showigime 4-4.
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Froject

Mame

k anager

Team

Location

Clignt

D'ezcription

Preferences... ‘

Figure 4-3  RHP for Project Identification

*3 Preferences [z|

Drefine Directary Path

Project files: |

GIS files: |

[ Add parameter descriptors when zaving [GW file

Cancel

]9

Flg ure 4-4  preferences Box for Project Screen

4.1.2.2. Main Model

The RHP for the 6Model 6 e nHgurg4-50 fhe butioas Mo d e |
associated with the icons perform the same functions as the comparable buttons on the
Button Palette in the Main Window. This RHP simply provides another access point.
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M ain kModel

@ |mport Bazemap and Define Model Domain ... ‘

Set Simulation Time Parameters .. |

G50 Define Model Giid .. |

ﬁ Change Model Saolvers ... |
Iﬁ v Use Model Level Display Option ...
P

w Downzcaling # Upscaling Sethings... |

ﬂ Synchronize Submodels with Main Model in
G Mext Dizcretization

Fig ure 4-5  RHP for General Model Options

4.1.2.3. Layer

The RHP for a layer on the Layer / Submodel level is shoviigare 4-6. This screen
has default parameters for the entire layer such as elevation, thickness, recharge, etc.
Chapter 7 provides a detailed explanation of each of these features.

Layer 1
Define Default Model Parameter ¥alues for Thizs Layer

Top Elevation 32808 L] il Ll
- Q Specific Storage | 3048e-

Starting Head l:l

Thickness 131.233D Recharge  |0.020
I_Q r#

Porosity 0z Partitiohing Coeff.- K.d l:l
I r
Soil Particls Diensity |<-65000
Retardation Factor
Conductivity 164.041
I
Q Dty / Re-wetting Criteria ... |

Fadky |1-

Kukz 10
Orientation of Apply this setting to all other layers

Kty 02 s ? ¥
Orientation of [0 0en  [dzaree

o [00e

Figure 4-6  RHP for Layers

4.1.2.4. Zones
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The RHP f

or

t he

0 Z o nlepmoddesa lodatioryto amd ultiplierse

Group | e

for Sensitivity Analysis This RHPallows the user to manipulate the model consistently
with multiplier factors, versus the more tedious task of having to-bditcevery single
zone.There are three tabs in thigndow. There are three main tabs on this RHP.

Physical Propertiestab has the mitipliers for Hydraulic Conductivity, Retardation,
Storage Terms, Molecular Diffusion, Local Dispersion, and First Order D&bayuser

can enter different multipliers foridf f er ent mo d eApplylthes wedtingsto or cl i ck
polygons in all other layer® butt on t o use the sPaywi@a mul tipl.i
Properties tab is shown kFigure 4-7
Multipliers For Sensitivity dnalysis
Physical Anquifer Elevations / .
Properties Clibration Data Sources and Sinks
Hydraulic Conductivity Storage T?fmS:
[~ Conductivity |1— [~ Specific rield
Ky I— [ Specific Starage
W [z | Molecular Diffugion
Orientation of "
[ Ky | [ D*gw
r Orientation of | [ Dy
Kbz
[ D¥zz
Fetardation [ Orient_g=y
Fetardation .
I Factor [ Orient_=<
[ Partitioning - K.d Lacal Dispersion
— SolPaticle  [[ | Lorg
Density [ Transz
Effective l_ [ Vert,
Porozity
First Order Decay
[~ Decay Coeff
[ Half Life
Apply thiz zetting to polpgons in all other lapers
Figure 4-7  Multipliers for Sensitivity Analysis for Physical Properties
Aquifer Elevations/Calibration Data tab is empty in IGW Version 5.0P.
Sources and Sinkgab has the multipliers for Recharge, Source Concentration, River,
Drain, Prescribed Head, General Head Dependent Leakage and Evapotranspiration. The
user can enter different mul tApplythisetti;gp for di ff

to polygonsin all other layersd
and Sinks tab is shown Figure 4-8.

button to

us e

t he

Saumes mul t i pl i
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Muliplierz For 5ensitivity Analysis

Phyzical Froperties

Aquifer Elevations /
Calibration D ata

Sources and
Sinks

[ Recharge
[ Rate

[ Prescnbed Head

Conztant

—
—

—

[ Concentration

| General Head Dependent Leak.age

—
—

—

Source Concentration

[T Inztantaneous Leak.ance

—
—

[ Continuous Source Head

[ Concentration

[ River
R Stage | [ Ewapatranspiration
[~ Concentration | Max ET
Depthl
[ Leakance |'|
Depth
[ Drain
Leakance 1
Apply thiz zetting to polvgons in all other layers
Flg ure 4-8  wmultipliers for Sensitivity Analysis for Sources and Sinks

The individual zone entries, one level below in the LHP (i.eatufe/Particle Group

level, Figure 4-2) , are titled 6Zone XXXassigned wher e XX
number starting at 1001. RHP for this level iscdissed irsection7.6.

4.1.2.5. Polylines

The RHP for the O6Plinesd entry on the Group |
placeholder for individual polyline nt r i e s . The individual pol yl

XXXX6 ( wher e sovaréaxsignedumber) on the FeatuRarticle Group

level are discussed Bection8.5.

4.1.2.6. Wells

The RHP for the O6Well s& enMersign4.@inwhicthtee Gr oup | €

user has various general options such as turning off all of the wells in the group, applying
a standard flow rate and/or concentration to these, pplyimg all values to subhode
pumping well s. The i ndiXWiXdXwal( wheelrle

eXnXtXrXi eiss
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softwareassigned number) on the Feature / Particle Group level are discuSssttion
9.4.2

Figure 4-9 shows the RHP view of the wells.

[ Tumoff all purmping wells [ Set all well display atibutes together

Size |A =
W Wellvisible v Use thiz colar

[v Label wisible -

[ Tum off all injection wellz

[ Turmn off all monitoring wells

Apply thiz to all sub-node purmping wells |

Flaw Rate

% Congtant |-459.28 [ Head Camrection
" Transient ... ™~ Factar

Apply thiz to all zub-node injection wells |

Flaw R ate

{ Canstant 459_238 [~ Head Corection
" Tranzsient ... (™ Factor

Concentration

f* Congztant|0.0=0
" Transient ... ™ Factor

Figure 4-9  RHP View for Wells

4.1.2.7. Particles Group

The RHP for the O6Particl eisl@ankas thé eneynatts y on t h
simply as a placeholder for individual particle group estrieTheseentries titled
O0ParticlePointso, 6ParticlelLinesod, OParticl e)
Particle Group level are discussedSiection10.2

4.1.2.8. Cross Sections

RHP for cross sections are explainedattion16.4

4.1.3. Time Process Selector (TPS)

The bottom |l eft portion of the ABrTRSThelT®P® i s cal l
allows the user to open a separate window for any previouslyadiefime process (mass balance,

mass flux, well head and concentration, etc.) and view the results as the model solution proceeds.

If no time processes are defined, the TPS appears blank in the AE window.

Following monitoring processes can be defined in the RHP of the AE window.

1 InsideZones Mass balancéor water and soluts)
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4.2.

1 At monitoringwells. Solute concentrations and heads

1 Across Polylines Mass fluxes for water and solute(§rurrently onlyfunctional for
stochastic realizatiohs

In case oftochastic modeling, probability distributions for realizations can also be monitored for
each of the above mentioime processesThe display can show every single realization
superimposed on the meahatl previous Monte Carlo simulations. The software also calculates
probability distribution and other statistical parameters and the user can choose to display these in
an interactive manner. More of this is explainedtochastic modelinfseeChapter 18).

When the model is discretizédeeChapter 12), all defined time processeppear in the TP&s
shown inFigure 4-10. To view anydesiredtime processor probability plotsthe user can check
the box to the left of the process and the required time pfpeelsability plot appearsin a
separate windowAll monitoring processes are viewed in their own wind®ivwe user campen
any number of time processor windows simultaneously.

The user can adjust the size of TPS (or LHP) by dragging the horizontal bar separating TPS and
LHP. In Figure 4-10, the TPS area in the AE ispanded to show all processes in a given model.

5 Attributes Explorer E|E|@]
Model Explorer 1 Hierarchy Tree ] <
= B Main Mode! | [ Zone 1001
8 Cross-secti Physical Biochemical Aquifer Sources and | Scatter Paoint S
oeessetions Properties Properties Elevations Sinks Control Cetlirlims U
" 6 Cross-section 1
T ? Syezr;n531nn1 Prescribed Head /Conc | Prescribed Flux | Head-Dependent Flux
82 L B e Bt f T I Head-Dependent Flus (One-way]
one:
& 4w Plines 1001 [Lake ~|
£ Fline 100 Leakance |:|
£~ Pline 1002
° £% Pline 1003 Stage ] & Elevaton [L00 L]
= ‘whells 1001 N
el 1001 o " Same as Top Elevation
=B Laper 2 .
? P Zones 200 W ot l:l [~ Evapahianspiration
W= Ane bt
r MaxET [mehvveq]
=15 Main Madel ,—
= D! Layer 1 Bottom Elevation Depthi1 l:l
=1 1€ Mrwels (+ Constant -aa_azs;D Depth-2 l:l

=[] wel 1001
[ Head/Conc - Time Process
CEL Probabiity
=[] M/Polylines
=--[]&= Pline 1003
K Probabiity
= CJll Mass/water Balance
=[] Zone 1001
™ water Balance
I Plume M ass Balance
= O Layer 2
= Ol Mass/water Balance
=[] Zone 3001
™ water Balance
I Plume M ass Balance

" Same as Surface Elevation

Leakance

(e Constant |5
r‘é

[~ General Head Dependent Flux

[~ Concentration l:l
Leakance l:l
Source Head l:l

Zone Type Calar/Pattern

Area

o ’—_| Verteres: 15
e ol
lacre

™ Inactive Colar

" For Display

[~ Domain Contral

v Zone Visible

All Scatter Paints
M \isble

¥ Zone Budget|™ ZE Only

‘width
! Show Interpolation Model

Figure 4-10 TPs showing different time processes
Information about defining time processes is giversattion7.6.2.4for zone mass balancas
Section9.4( s e e WdllAype Afeab s ubsecti on) Mmpleamentationandimr i ng
Section8.5.4for polylines

All submodels created in the main modehépter 15) also show up in the TPS area. By checking
the box next to a submodel will open that model in a separate windo®gstgen15.9).

The Hierarchy Tree Layer

TheHierarchy Tree layer of theAE is currently not utilized inGW Version 5.0P.
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Chapter 5 BASEMAP

The basemagpfeature allows the user to import a picture to use as a background image in the Working
Area. The following sections explain the implementation and functionality of this feature.

5.1. The Model Scale and Basemap Window

The O0Model Scal e &thaintdBfacs wsaddopsélectvaibasehmapviile and set its
associated reaborld characteristics (scale, origin coordinates, etc). It is picturEgyjire 5-1.

5 Model Scale and Basemap §|

Load Bazemap | |

Please register the following
Real World Coordinates [=0,0)

A0fooe0 ]
volooen ]
Klengh[3280 83|
¥Length[2480 621 |

k. | Cancel |

Flg ure 5-1  Model Scale and Basemap window

This window can be accessed by cl ipcdk the O6Set
button on the Button Palette (row 1, column @) by c¢ | impokt Basgmapt 61
[ he

and Define ModeDomai né button that appears i 6 Mai n

The white rectangular box displays a preview of the Working Area. The red coordinates indicate
the location of the X0, YO point that cée defined by the user. (These coordinates only appear
prior to a basemap being loaded, and for a preview in which the origins of both the basemap
[physical origin] and Working Area coincideeven if the origin coordinates of the Working Area

are modifed.)

° Refer to Section 3.1 of the IGW Version 5.0P Tutorialsdocument for a stepy-step example of
importing a basemap.
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5.2.

Theseti on delineat ed by olltwmgRed World Eomrdina®e chiesatdea rn gt hes F
used to enter the origin coordinates (as referred to above) and to set the X and Y scale of the
picture. Table 5-1 defines these four variables.

Table 5-1 Definition of Real World Coordinate Parameters

UNITS

VARIABLE DEFINITION DEFAULT | goid = Default)

VALUES

X0 The xdirection coordinate value of th 0 m. cm ft. inch
displayed Working Area origin. P

The ydirection coordinate value of th

Y0 displayed Working Area origin. 0 m, cm,ft, inch
The distance represented by the .

X Length direction extent of the basemap imag; 1000 (m) m, cm,t, inch

Y Length The distance represented by the 750 (m) m, cm.ft, inch

direction extent of the basemap imag;

The user simply selects the desired unit then enters the value in the appropriate field. These values

can be defined even if no basemap picture is to be imported (the values simply associate with the

Working Area as a whole). However, if a basemap etased, these numbers should only be set

after the O6Load Basemapd Secian8d.dure has been compl

Any changes wil/ t ake eclickcdtcd ohaeaze tthlee 6OMEOd eblut $
Basemapdé window.

Loading a Basemap

Clicking the O6Define M6 d eblut Doma iomp/elnnsp otr t e Bé M@ dnaa
Basemap 6shonin mBiguse 52.Cl i cki ng t he 0L oopeh th®aODpeemadp é& but
window. The user selecthte t ype of file to open, surfs to it
button. Thi s opens the basemap in the d&MweSH3pri zati on
with the basemap visible in a preview pafike map is vectorized (as explainedsiction5.2.7)

and imported into the model.

* Model Scale and Basemap @

Load Basemap | |

Please register the following
Real World Coordinates [0

Xfooen ]
volooed U]
# Length WD
' Length WD

DK|

Figure 5-2  Model Scale and Basemap window
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Currently, IGW Version 5.0P provides support for BMP (BitMaP), GlEGraphic Interchange
Format), JPG (Joint Progressive Experts Group), SHP (SHaPefile), and DXF (AutoCAD Drawing
If a raster type file is selected (BMP, GIF, or JPG) it must be

Interchange Format) file types.

vectorized through the process outlinedSiection 5.2.1  Vector type pictures do not need to be

vectorized, therefore the import process is simpler. It is descrilfgecion5.2.2

5.2.1.

Vectorization of raster pictures

The

vectori

zat.

on

process

begins

wi t h

t

he

appear

window, as shown irFigure 5-3.

%3 Vectorization of Raster Pictures

Wlength [198538ft |
Vlength  [1520 s [

~
No. Pivel® PixelY Real? Real'

I

2]l

3l

Cancel

]9

Figure 5-3

Vectorization of Raster Pictures

The window will appear with a preview of the selected picture inathiée rectangular preview
pane, withd Aut omati call yé
associated with the automatic vectorization procefistigplay the software default valueShe

XLength and YLength fields correspondth®e samevariablesi n

s el

ected by default.

the 6Model Scal

window, andshownin Table 5-1. The X0 and YO fields in this case are used to enter the Working
Area coordinates of the basemap origin. At this point, the user can only specify X0, YO, and
XLength. The YLength field is calculated automatically based on the pixel dimensions of the

picture.

The O6Manuall yd setti
process.

Once the wuser has

6 Model Scal e

ng

entered

manpre toetrol Dverl thee cvécterdzatian f

the desired sett

a n drigBeS1p e widdowwiillnhdvethe desired picture in
the preview pane, the desired coordinate and scale values entered, and additional information
concerning the file location and other attributes displayed to the lefe girdview pane.
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The software assumes that the information contained in shapefiles (*.shp) is give
meters as the unit of measure. If this is not the case, the user must convert
information before importing it into IGW.

The usemow has a couple of options at this point. Thegy ¢l i ck the 6éLoad Basem
combine another picture with the current one Seetion5.3). Theusermy cl i ck t he O6CI
Basemapd button t onatiord aadastart feoin bcratchatmheemadpCa mcfeolrd but t o
cancel the entire basemap importing process. The user may change the assigned dimensions for

the basemap (sekection5.2.3. Theuser maglsoc | i ck t he O60OK®& button to ac
configuration and end the process. Clicking the
closes the windw, and updates the Working Area to show the desired basemap.

5.2.2. Vector Type Images

Clicking the 6éOpend button in the o6tpeRlad wi ndow
brings the user to the ¢wMihthedesir&piank ietheapredewBa s e map 6
pane, the filespecified coordinate and scale values entened additional information concerning

the file location and other attributes displayed to the left of the preview pane.

3 Model Scale and Basemap §|

i Clear Bazemap |
Bazemap Information

File name:
C:ADocuments and
Setiingz\adminiztratorDeskiopi 11,271,065

“fidth: 13777.539730632
Height: 1170352092362
R atio = HeightAxfidth = 0.843432802692721

Please register the following L:
Real World Coordinates o
|
sofi7saatft | (+0.40] !
volagrrazft ]
KLength[4 520181 |
¥ Length[383986[1 |
ak | Cancel |
Figure 5-4  Loading a Shape File (Vector Type Image)
The user now has a cdepof options to continue. Theyay cl i ck the O6Load Basem.
combine another picture with the current one Seetion5.3) . The user may <click
Basemapd button to clear all basemap information
6Cancel 6 button to cancel 4 hThe user mayrchkangb he e map i n
assigned dimensions for the Working Area (Seetion5.2.3 . Or the user may cli
button to accept the basemap configuratoand end the process. Clicking

changes in the software, closes the window, and updates the Working Area to show the desired
basemap.
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5.2.3. Changing Working Area Dimensions

Even if a basemajs being used, the Working Area is not locked to the size of thentep (or

combinations thereof, if multiple basemaps are use&timply enter the desired dimensions and

the6 X Lengthd and O6Y Lengtho i n Figukosledndti®ecal e and
Working Area becomes that size. If it is set larger than the basemap, the Working Area will show

extra white space. If it is set smaller, the Rilog Area will display only a portion of the

basemap.

It should be noted that the software references the images from thelééiweandcorner of the
Working Area, versuthe centepof the screen Thereforeany additional white space will show at
theright-hand side and top of the image, arat be evenly spacedSimilarly, when displaying
only a portion of the basemap, it walppeatin the vicinity of the loweteft-handcorner.

5.3. Loading Multiple Basemap Images
Additional basemapsnay be added at any time by accessing =
window and clicking t hSectianh?d.ad Basemapd button (se
The procedure is the same as described in the previous sections, however the preview pane in the
6 Model Scale and Basemapdé window wil/| now show
process may be repeated as many times as desired.
IGW Version5.0Palsoallows the user to bring in multiple files of mixed formats.
l . . .
~_1'It should be noted that all combined basemap images are treated as one imag
software. Consequently, if an incorrect picture is imported or assigned the wrong sc
entire mergd basemap set will have to be cleared and the process repeated.
5.4. Clearing the Basemap

At any ti me, the user may op e n(Figure&-2) and clidke | Scal e

the 6Clear Basemapd button. After confirming the
shows a blank white screen. CliclboséOKbhet o Mappl y
Scale and Basemapé window and abort the clearing
a separate window).

When a basemap is added to an IGW file, the software remembers the location of

and opens it from thatlace Therefore, if the file is opened on a different machine or
location of the basemap changes, the new location of the basemap file mpstibeds
This can be done by:

1) Editing the IGW file to reflect the new location of the basenmap
2) Openingthe file and browsing to the location of the file when prompted (the cha
location will be updated in the IGW file)

If the user chooses to skip loading the basemap file at the prompt, the original I
information for the basemap the IGW file will be preserved.
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Chapter 6

MODEL LAYER PARAMETERS

There are certain software parameters that must have numerical values at all times in order to prevent
software calculation errors. Therefore, default values exist for these paratimztere assigned whenever
a new zone is created. The following sections detail the parameters, the default values, and the process of
changing them.

6.1.

Default Model Parameters

InIGW Version5.0P t he o6 Def aul t Mo d el

P a r atity astitevassnod

Wi

IGW 3. The interface used to specify the values for the default parameters is now found in the AE,

under the O6Layer skguméine.

tadel Explarer l Hierarchy Tree ] 24

't is pictured

. Attributes Explorer Eﬂ@ §|

Orientation of
KKy |20

= S Project Laper 1
5 ?_:l Main Madel Define Default Model Parameter Yalues for This Layer
= =) it [T
Top Elevation [32808Cft ] B =
- S pecific Storage 3-'3436'5
Starting Head l—l:l
Thickness 131.233 Fecharge 0.0e0
- 4 r 4
Parosity 03 Partitioning Coeff.- K.d l:l
» I
Soil Particle Density |2.E5000
Conductivity ’m Fietardation Factor
-
Q Diry / Fe-wetting Criteria .. |
Ktk |-
Kz |10

Apply thiz setting to all ather layers

Orientation of [ pen  [degres
o of [0.0e

Flg ure 6-1  Default Model Parameters

i n

ndow

The user simply specifies the desired values and units for the parameters of interest. The software
subsequ

wi || apply the new defaul

t val ues to

setting to all other |l ayersdéd button i

Theindividual fields and nested button functions are described in the following section.

The parameters and buttons displayed
section. Table 6-1 lists the parameters, their basic definitions/functions, the default values, and
references to other parts of this document where they are explained in greater detail.

al |

S

sel ec

n
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6.2.

Table 6-1  Default Values for Attributes Explorer Parameters

DEFAULT DEFAULT REFERENCE
PARAMETER DEFINITION/ FUNCTION VALUE UNIT SECTION
Top Elevation Top elevation of aquifer -32.808 ft 7.6.1.3
Thickness Thickness of the aquifer -32.808 ft 7.6.1.3
Specific Yield* Specific yield of aquifer material 0.1 dimensionless| 7.6.1.T
Specific Storage* Specific storage of aquifer material 3.048e6 1/ft 7.6.1.T
Starting Head Initial head in aquifer asggfr:\g{’g;?lo ft 7.6.1.1
Porosity Effective porosity of aquifer material 0.3 dimensionless| 7.6.1.1
Clicking this button activates random
Random effective porosity field parameters, - - -
containing several optien
Option Clicking this E)ut ) ) B-Il
Parameterso w
Recharge Recharge into the aquifer 0.0e0 in/year 76.1.2
Random Checking this activates random rechar ) 3 )
field
Clicking this but{
Option Unconditional Ran - - B-Il
window
Conductivity Conductivityof the aquifer material 164.041 ft/day 7.6.1.T
R Checking this activates random
andom N . - -
conductivity field
Clicking this but{
Option Unconditional Ran . - B-l
window
Kx/Ky X vs. y direction isotropy ratio 1 dimensionless| 7.6.1.T
Kx/Kz X vS. z direction isotropy ratio 10 dimensionless| 7.6.1.T
Orlir:(t/a::;;)n of Orientation of anisotropy in theyxplane 0.0e0 degrees 7.6.1.1
Orlir;t/a:égn of Orientation of anisotropy in thexplane 0.0e0 degrees 7.6.1.1
Partitiqning Coeff. Partition coefﬁcier_lt of the aquifer 1.0e10 1/ppm 7611
i Kd material
Checking this activates random
Random e L ) - - R
partitioning coefficient field
. Clicking this but
Option Parametersod w ) ) B-l
Soil Particle The soilparticle den'sity of the aquifer 2 65646 gin? 7611
Density material
Retardation Factof Retardation factor 1.00088 dimensionless| None”
. Clickin this but
Dry/ ngettlng . Desaturation/Re?v etting Ce - - 6.3
Criteri .
window
* if unchecked, the default value is zero
A not explicitly definable in IGW, it is a function of Kd and the bulk density (ignore the 1.00000 in the field)
# see subsection with parameter name within the listed section
% see O6Start i n/g.l.Hae afddationdetaseotdefauly siarting head values

Attribute Priority Protocol

IGW will assign zone attributes to every cell in which the center node lies inside of the defined
zone area. However, if the node lies inside the defined zone area at two different points in the
same zond due to overlapping the boundary linesthat cel will not be assigned to those
particular zone attributes.

When scatter points are defined in a zoner #aelicitly defined parameters take priority over the
zone attributes. For example, if a scatter point is placed in a zone and the condiactivity
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scatter point is specified, the conductivity specified for the zone no longer has any effect in the
software.

If two zones overlap, the attributes ofigller zones will tak@recedence over larger zones.

Dry/Re-Wetting Criteria

The Bewety hg Cr it e nnithe ®éfaulbMotel Parameters windoRigure 6-1)
opens the O0Def awelttt i hegs aCedrla tCranFlgitei6-& 6 wi ndow show

+7, Default Desaturation/Re-wetting Cell Criteria

Wiet bo Dy
* hn < BotE- Epsgilon

E pzilon |0 m
Head walue azsigned ta dy cellz |0

7 Awelhn] < BotE- Epslon
™ h< BotE

~

(101423 h+ [01423 h_Bot + (01429 h_Top + (01429 h_West +
01429 h_East+|0.1429 h_Morth +|0.1423 h_Sourth] <= BotE - Epsilon

Dy b et

f* pyelhn) »= BotE + Epsilon
i« h="WETFCT * Awelhn - BotE] + BolE

" hn »=BotE + Epsilon " h="WETFCT # [THRESH] + BotE
WETFCT|0 THRESH m
" h_Bot>=BotE
Epzilon|d m
~

(01667 h_Bot +[01667 h_Top + [071667 h_West+ 01667 h East +
01667 h_Maorth + 01667 h_Sourth] »= BotE + Epsilon

Ok Cancel

Fi gure 6-2  Default Options for Desaturation/Re-wetting

This interface allows the user to specify criteria for deactivating cells when they becqrandiry
alsoreactivating dry cells when appropriate

The O6Default - Wesangr L£teildn/CReiteri ad window i s di
discussed in the following subsections.

6.3.1. Making Wet Cells Dry

As the name implies, the user specifies the criteria for making cells dry (and hence iirattige)
area.

There are four choices:
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1) hn < BotEi Epsilon

2) Ave(hn) < BotE Epsilon
3) h < BotE

4) Weighted Method

The first reads o6one head value in the surroundi
the aquifer (BotE) minusepsin  ( Epsi | on) 6.

The second reads O6the average of the head values
the bottom el evation of the aquifer (BotE) minus

The third reads oO6the head i n otnheofcelhle (aquiifssrl s
This is the default selection.

The fourth is an expansion of the second, allowing different values for h in the weighted equation.

The user can specify a value for epsilon in the
is independent of the epsilon in the o6Dry to Wef
meters.

The ot her fi e/bleeAssigneddeDilyCé Head i s used to enter a
that the software assigns to the head values in dry cells to flag them for the user (the software
internally assigns a zero value for transimissivity). The default value is 0 (with meters as the unit

of measure)This value is not considered in the model solution as the software recognizes these

cells to be temporarily inactive (and hence ingblved in the solutiofecause they are dry

If simulations are run that contain heads in the 0 meter (or specifieg) vangethe model will

function properly. 1 will appear that the dry cells actually have head values (due to the software

assigning 0 or the specified value to theamdthereforethe user may interpret the dry cells to be

wet and have the displaybéad value. To avoithis kind of confusion, eithesimply change this

number to a value that will not be encouptkduring the simulation, @ x ami ne t he 6Cel | 0
61 Boun d®ppendix A-lé and Appendix A-Ill , respectively) that are displayed imet

CAT (Section 3.6 to determine the actual state of the cell in question.

6.3.2. Making Dry Cells Wet

The user specifies the-reetting criteria in this area.
The user has four options concerning thavetting of cells:

1) Ave(hn) >= BotE + Epsilon
2) hn >= BotE + Epsilon

3) h_bot >= BotE

4) Weighted Method

The first reads O6the average of the head values i
equal to the bottom elevation of the aquifer (Bot

lue in the surrounding cel

The second rehs 6 one head va
the aquifer (BotE) plus epsil

bottom el evation of
The third reads O60the head in thlkeecagui {é@) (Bol E}E

The fourth is again an expansion of the second, allowing different values for h in the weighted
equation.
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The user can specify a value for epsilon in the
is independent of the epsilon in the OWet to Dry
meters.

The user can also specify what value the headldhtake when revetting occurs. Again there
are two options:

1) h = WETFCT * Ave(hrBotE) + BotE
2) h = WETFCT * (THRESH) + BotE

The first reads O6the head in the cell (h) equal s
the differences of theurrounding cell head values and the bottom elevation of the aquifer

(Ave(hnrBot E) ) all plus the bottom el evation of the a
The se h e ¢hethresholdh) equal ¢

ads O6the head i
) h

cond r e n t
value (THRESH al |l plus the bottom elevation of t

The wetting factor can be specified in the WETFCT field (it is dimensionless). The default value

is 0.5.

The threshold can be specified in the THRESH field (it must bedters). This field becomes
active only after the second head specification option is selected. The default value is 0.2 meters.
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Chapter 7 ZONES

Zones are used to define areas in the Working Area that represent specific features or areas of interest. The
following sections describe the implementation and functionality of zone features.

7.1. Defining Zones

(Button Paletteow 2, column 2). This puts the cursor in drawing mode. The v
may now define a zone in the Working Area by simply clicking the mouse at p
around the edge of the desired areaefadained below).

The first step in defining a zohdis clicking theCreate Zone/Assign Property button Gj \

First, the user selects a beginning point (arbitrary) somewhere on the edge of the zone and clicks
the mouse.

Next, the user moves the mouse cursor to another point on the edge of the area. A line will extend

from the initial pointtot he current | ocation of the cursor ind
zone. The wuser should adjust the Il ocation of t
coincide with the userés desired edge. Once thi s

Next, the user should move the mouse cursor to another point on the edge of the area. One line

will extend from the last defined point. Again, the user should adjust the location of the mouse

cursor to make the line from the last defined point comeiith the desired edge of the zone.

Clicking the mouse will set the point. Another line will extend from the initial point indicating the
Oproposedd polygon shape. The edge defining proc
shape has been achéelv

Doubleclicking the mouse ends the process and sets the zone in the software.

A rectangle is easily defined by holding down [B&IIFT] key before clicking the moug
on the first pointand then simply moving the cursor to the opposite end of the rect
and clicking the mouse again.

Alternately, the user may type in the coordinates for each vertex instead of cliokingptise at

the desired location using VCI (s8ection3.8). This method is not limited by the resolution of

the screen/mouse relationship and therefore allows for a more precise development of zone
features

When a zone is defined in the software it becoamesctive feature.

At this point, the cursoris stilhi 6 dr aw moded and t henorezenesasmay cont
desired

A zone drawn in the model area is showrrigure 7-1.

10 Refer toSection 3.42 of the IGW Version 5.0P Tutorialsdocument for stepy-step examples of
defining a zone.
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Layer 1{1): Steady Flow, Time Elapsed = 0 days (0.00 years)

Flg ure 7-1  AnExample Zone in the Working Area

A goodfirst place to start in building a model is to define the zone over which the so
willapply. The wuser can define such a zone
appropriate box in the RHP ofDoARIi wh &
check box is located at the bottom right corner of the RHPHigeiee 7-3)

7.2. Selecting Zones
To select a zone in thé&/orking Area, first click the Select a Zonebutton (Button
Paletterow 3, column 2) and then click the cursor within the desired zone. The:
becomes outlined in rethereforeindicating that is currently selected.
In the case of zone overlapping, the software will select the zone that ng talécedence
(according to the software ruléseeSection6.2) at the specific location the mouse was clicked.
Alternately, the desired zone may be selected in the ABS@eton4.1.1).

7.3. Redefining Zones

A zone that has been defined in the model can
mode (seeSection 3.16 for instructions on placing the cursor in this modkso seefiset probe

sensitivity for node editin Section3.3.5to see how Node Edit is ugedAs soon as you are in

mode edit mode, the selected zone appears as shdvwguire 7-2. The black squares represent

existing nodes and the blue crosshair between the existing nodes represent additional nodes
created by the softwaréhe user may change the shape of the zotteeitWorking Areaitherby:

1) Moving the existing verticegnd/or
2) Creating new vertices.

To move an existing vertex, click and hold the mouse above the black square that corresponds to
the desired verteendpoint drag the cursor to the desidedatian and release the mouse button.
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Layer 1(1): Steady Flow, Time Elapsed =0 days (0.00 years)

Figure 7-2  Zone with nodal points, denoted as blue crosses

To create a new vertex, click and hold the mouse above the blue crosshair symbol nearest to the
desired locabn of the new vertex. Drag the cursor to the desired vertex location and release the
mouse button.

These steps may be repeated as many times as necessary until the desired zone shape is achieved.

If the newly desired zone shape is quite different fitben existing zone shape it may be more
efficient to simply replace the zone. This process is describ®édtion7.5.

7.4. Moving Zones
To move zones in the Working Area, hold down f8&RL] key while clicking and holding the
cursor down on top of a selected zone. Then, drag the zone into the desired position simply by
moving the mouse to that position, and releasing the cursor.

7.5. Replacing Zones

Sometimes the user may wantrgplace an existing zone with a new pméthout losing te
associated attributes and scatter points.

Next, click theModify Existing Zone button and verify the request in the warning
window that appears.

To do this, first select the zone to be replaced (same methodologgctien 7.2). ®|

Draw the new shape for the zone (same methodolo§getson7.1).

When finished, the old zone will disappear and the new zone will have all the associations of the
old one (it will also become the active feature).

This is similar to redefining theone Section7.3), except this method replaces the zone in one
step instead of using incremental adjustments. Therefore, this replacement method is most useful
if the newly desired zone is quite different in shape than the one to be repfamag.a minor
adjustment @ the zone shape is required, it would be simpler to use the method presented in
Section7.3
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7.6. Setting Zone Attributes

Zone attributes are set in the AE (seBedion Error! Reference source not fouhd. After
ccessing the AE, the first step is to select the desired zone in the LHP, i.e. Zone 1@&Ltijsee
417 . Doing this bri Setondd@ .t h eA 6sZaormpel 6e FROHP t(hsee eRHP

1016 i sFiguled3yn i n

5 Attributes Explorer E]|§| g|

todel Explarer l Hierarchy Tree ] >
@Proiect— Zone 1002

=B Wain Modal Physical Binchemical Aquifer Sources and | Scatter Paint
‘;':l Salrliay:[ T Properties Froperties Elevations Sinks Cantral Calibration Data
=P Zones 1001
£P Zore 1001 Hydraulic Conductivity Malecular Diffusion
Zone 1002 [” Conductivity l:l [~ D l:l
Bt | row [
o [ ro= [0 el
[~ Kalkz [~ Orient_x<Y l:l
Orientation of I Drient_#<2
i [ ] ]
. . Local Dizpersion
Orientation of
r Kuikz l:l [~ Long. l:l
[~ Trans. l:l
Storage Terms
[~ Wert. l:l
[~ Specific Yield
- Macodspersion. |
[~ Specific Storage l:l
[~ Soil Particle Density l:l
[~ Effective Porosity
< ¥
| Rendom. |

ZEE T Cell Ptz Wertexes: 4 v Zone Visible

{+ Active ’Wl i
Area v $II Scatter Points

" Inactive Ik
" For Display _Color... | I:I [ Zone Budget— isible

‘width
[~ Domain Contral I Show Interpolation Model |

Figure 7-3  RHP for a Model Zone
TheZone RHPis divided into an upper and lower section. The upper section is referred to as the

Attribute Entry Area (AEA) . The lower is referred to as thésualization / Option Area
(VOA). The following subsections discuss them further.

7.6.1. Attribute Entry Area (AEA)

TheAEA is divided into 6 layers:

1.) Physical Propertieslayer,

2.) Biochemical Propertieslayer,

3.) Aquifer Elevations layer,

4.) Sources and Sinkdayer,

5.) Scatterpoint Control layer, and the
6.) Calibration Data layer.

11 Refer toSection 3.2, Section3.53 and Section 3.4of theIGW Version 5.0P Tutorialsdocument for

examples of defining zone attributes.
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These layers allow for thiaput of the type of data inferred by their title. They are discussed in
the following subsections.

7.6.1.1. Physical Properties

This layer is where the physical properties of the aquifer material are defihedayer
can be seehighlighted with blue background in LHP as shawifrigure 7-3.

The individual parameters are discussed in the following subsections.

HYDRAULIC CONDUCTIVITY

Also referred to as the Coefficient of Permeability, the hydraulideaiivity, K, is a

measure ofr oundwat er 6s abil ity to move through poc
[L/T].

Checking the box next t6onductivity allows the user to spiég the conductivity value

in the appropriate field.The user magheck the box next to the deactivaidndom
button to activate the random K distribution (with default settings). Clicking the
Random button opens th®ption of Unconditional Random Fieldwindow (Appendix

B-I), thereforeallowing the user to change the random distribution settings.

The default conductivity value is 164.041 ft/day (set inDiegault Attribute window ,
Chapter 6). The default entry is 0.0e0. The default unit is m/dék wm/sec and ft/day
also available.

KX/KY
The KX/ Kyvalue quantifies the isotropic character of the aquifer material in the form

of a ratio. This ratio relates the conductivity in thdirection to the conductivity in the
y-direction.

The default value is 1 (set in thizefault Attribute window, Chapter 6), the default
entry is 1, and theatio is dimensionless.

KX/IKZ
The K, / K, valuequantifies the isotropic character of the aquifer material in the form of

a ratio. This ratio relates the conductivity in thdisection to the conductivity in the z
direction.

The default value is 10 (set in tiefault Attribute window, Chapter 6), the default
entry is 1, and theatio is dimensionless.

ORIENTATION OF ANISOTROPY IN XY
This parameter is the angle between trexis and the Kxaxis (in the xy plane). Refer
to Figure 7-4 for a visual aid.

The default value is 0.0e0, adédfault entry is 0.0e0. The default unit is degreeath
radiars also available.

ORIENTATION OF ANISOTROPY IN XZ

This parameter is the angle between thaxis and the Kz axis (in thexplane). This
value has no effect in IGWersion5.0P calculations as the software incorporates only
one layer.

The default value is 0.0e0, and default entry is 0.0e0. The default unit is degrees, with
radians also available.
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Fi gure 7-4  Orientation of Anisotropy

SPECIFIC YIELD

This is the storage term for unconfined aquifers. Dengjeil S defined as the volume
of water that an unconfined aquifer releases from stopgeunit surface area of aquifer
per unit decline in the water table ($&gure 7-5).

Unit cross-sectional grea

Unit decline of
water table Water table

7 i, 77

Flg ure 7-5  Pparameters Defining Specific Yield

The default value in layer window is 0.1. The default entry forcalel polygon is zero,
and the parameter is dimensionless.

SPECIFIC STORAGE
The specific storage,sSis the amount of water per unit volume of saturated aquifer
material that can be stored or relegsbdsed on the water and aquifer material

60



compressibity per unit change in head. s 8as dimensions of [f] and is defined
mathematically as:

S =ga+hb) 7.6.1.1.2
where:
9 = density of water [ML]
u = compressibility of aquifer skeleton [EM™]
b = effective porosity [1]
d = compressibility of water [LIM™] (4.63 10°n?/ N)

Selecting the box next ®pecific Storageallows the user to specify a value.

The default value irthe layer window is 3.0486€ 1/ft.. The default entry for a model
polygon is zero. The availkbunits of measure are 1/m, 1/cm, 1/ft, and 1/inch.

EFFECTIVE POROSITY

The effective porosityd., is the ratio of the actual pore spawsghin the aquifer
materials in which water can travel in X, y, and z directions. The value of effective
porosity becomes extremely important when modeling contaminant transport. As clay
material has a high porosity or ability to store water, the effective porosity is orders of
magnt ude | ower since the water is essentially
migrate. The volumetric relationship of effective porosity is the ratio of the volume of
voids to the total volume of material.

The default randomdf) distribution is ativated by clicking the box next to the
deactivatedRrandom button. Clicking the random button allows the user to change the
settings for the random, distribution by opening thRandom Parameterswindow (see
Appendix B-11). Selecting the box next teffective Porosity allows the user to specify

the n, value and specify any desired randomness in dfield.

The default value (set in theefault Attribute window, seeChapter 6) is 0.3. The
default entry for a model polygon 0.0e0. The porosity is dimensionless.

LOCAL DISPERSION™
Dispersivityis a measure of generalized variance in flow direction due to mechanical
dispersion (mixing) within the soil matrix. It is defined as a unit of length.

Selecting the box next tioocal Dispersivity allows the user to specify the longitudinal
(Long.), transverse (Trans.), and vertical (Vert.) dispersivity values.

The default value and entry for each is 0.0e0. The default unit is feet (ft) with
centimeters (cm), meters (m), and inches (inch) aladadle.

MACRODISPERSION
Dispersion occurring at the field scale is called macrodispersion.

SOIL PARTICLE DENSITY
The soil particle density,s, is a measure of the density of the individual soil particles. It
is used, along with the effective porosity,determine the bulk densityyj.

ry=@-n)*r, 7.6.1.1.3

The default value entry &65x16 g/n?®, as defined in theayer window.

12 Refer toSection 13.20f theIGW Version 5.0P Tutorialslocument for additional information.
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7.6.1.2. Biochemical Properties

This layer is where chemical properties for the zone are defined.sHbvgnin Figure
7-6.

Zone 10071
Physzical Biochemical Aquifer Sources and | Scatter Point L
Properties Properties Elevations Sinks Contral Calibration D ata

r 000
[ Partitianing - K.d |:|

5 |

First Order Decay

[~ Decay Coefficient I:I
[ Half Life li I:I

Fig ure 7-6  Biochemical Properties

RETARDATION FACTOR

Retardation factor is a dimensionless parameter characterizing the retarding effect of
adsorption on solute transport. Mathematically, the retardation fdgitas, definedby
Equation 7.6.1.1.1

K
R=1+r ¢ 7.6.1.1.1
q
whereKy = Partitioncoefficiet [L3M]
} = bulk density [ML]
d = volumetric water content [1]

Checking the box next teetardation Factor allows the user to specify thevalue.By
defaultR= 1.

Partition coefficient is explained in detail under the next headimeeR is related to
partition coefficientKy through Equation 7.6.1.1.1 the user can enter the value for
either of the two parameters and the other one would adjust automatically.

PARTITIONING i Kd
The partition(or distribution) coefficient{d)d escr i bes a substanceds af
to solid particles. Irelates the amount of solufee. water)sorbed on the soil to the
amount of chemical thas dissolved in the water, aigldefined byEquation 7.6.1.12:

Ky =—= 7.6.1.1.2

where:

C, = concentration of substance sorbed to aquifer media [md]e M
C,, = concentration of substance dissolved in aquifer water [mgle L
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For organic contaminants, it is also defined as the product airtfamic carbon content
(fo) and theorganic carbon / water partition coefficie(i,).

Checkingthe box next tdPartitioning - Kd allows the user to specify the Kd value and
any desedrandomness

The default value (set in tHeefault Attribute wi ndow) i s O, which is eq
sorptiond. The default entry i¥g(defaalt), o . The
1/ppb, 1/ppm, and #kg.

The default random Kd distribution iactivated by clicking the box next to the
deactivatedRandom button. Clicking the newly activatedandom button allows the
user to chage the settings for thealRdom Kd distribution by opening ttiRandom
Parameterswindow (seeAppendix B-I1).

DECAY COEFFICIENT
The decay coefficient is used to describe a-trgler, irreversible process of the form:

K _. /C 7.6.1.1.4
Vi
whereC = concentration [ML]
t =time [T]
> = decay coefficient [T]

HALF LIFE
The half life describes the timetétkes half of thgiven material to decay

7.6.1.3. Aquifer Elevations

This layer is where elevations for thene are defined. It is shown Figure 7-7. The
individual parameters are discussed further in the following subsections.
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Physical Biochemical Aquifer Sources and | Scatter Paint
Properties Properties Elevations Sinks Contral

I Calibratioh Data

Aquifer Elevations Attributg Elevations_
I Top Elevation ’—|:| for partially penatrating parameters
~ [~ Z-Upper l:l
= [T 2 -Lower ’—|:|

Owerlapping Elevation Contral... |

[~ Bottom Elevation / Thickness

(" Bottom Elevation |—|:|
= e

"~ Thickness |—|:|
o il

Fig ure 7-7  RHP for Aquifer Type / Elevations
TOP ELEVATION
Top Elevationis the elevation of the top of the aquifer material. Clicking the box next to
Top Elevation allows the user to enter a desired value in the associated field. The default
value isi 32.808 feet (set in thieayer window). The default entry ialsoi 32.808 feet,
with available units of meters (m), centimeters (cm), feet (ft) and inches (in).

The Random button can also be employed to randomly assign a top elevation to the
model, based on its layer parameters.

For multilayered models, théOverlapping Elevation Control button will allow

overl apping layers to be decided by either
|l ayer6s bottom el evation. I f there is no
user should set the topel@at i on equal to the surface el

Overl apping/ Separ atFigomegg/ wi ndow i s shown

* Option for Elevation Overlapping/Sep... E]

Onece overlapping/separating, elevation decided by

{* Cument layer's top elevatioré

" Upper layer's bottom elevation

Ok Cancel

Flg ure 7-8  Elevation Overlapping Screen

BOTTOM ELEVATION/THICKNESS

Bottom Elevation s the elevation of the bottom of the aquifer material. Clicking the box
next toBottom Elevation allows the user to enter a desired value in the associated field.
The default value i$164 feet (set in theayer window). The default entry is al§d 64

feet, with available units of measure being feet (ft by default), centimeters (cm), meters
(m), andinches (in).
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IGW Version 5.0Pallows the user the option to sefThicknessfor each layer, versus
having to always designate a top and bottom elevation to define depth.

The Random button can be employed to assign random thickness values in the model.
See AppendiB-II for more information on how to use this feature.

ATTRIBUTE ELEVATIONS FOR PARTIALLY PENETRATING PARAMETERS
Top and bottom elevations of partially penetrajiagameters can be entered here.

7.6.1.4. Sources and Sinks

This layer is where the water body and contamination characteristics for the zone are
defined. The layer is subdivided into three separate tags:

1 Prescribed Head / Concentration

1 Prescribed Flux
1 Head-Dependent Flux

7.6.1.4.1. Prescribed Head / Concentration

This layer is where the water body and contamination characteristics for a model
zone are definefFigure 7-9).

Zone 1007
Physzical Biochemical Aquifer Sources and | Scatter Paint Lo
Froperties T Froperties T Elevations T Sinks T Cantral l, Calibration Data
iPrezcribed Head /Conc T Prescribed Flux T Head-Dependent Flux

[ Prescnbed Head

" Const |0.0e0 |t .

" Same as Starting Head

Source Concentration

[~ Instantaneous I |
- Cantinuous I:I

r | |

[ Starting Head I:I

Flg ure 7-9  Pprescribed Head / Concentration

PRESCRIBED HEAD AREA
SelectingConstant Head or the Transient button in thePrescribed Headarea
allows the user to set a prescribed hydraulic head for a zone.

If Constant Headis selected, then the user may seleohstant Value and enter a
value in the field. Ero is defaultvalue default unis aremeters (m)with feet (ft),
centimeters (cm)ral inches (inch) also availabler,GelectSame as Starting Head
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to set the constant head value to the same as that enterecshartiveg Head field
(see thestarting Head subsection).

If the Transient button is seldéed, then the user may activate the default transient
settings for the constant head. Clicking the activateshsient button allows the
user to edit the settings by opening ffransient Settingswindow. Please refer to
Appendix C-I for a discussion ahis window.

If Noneis chosen (default), then there is no constant head setting for the zone.
SOURCE CONCENTRATION AREA®™

In the Source Concentrationarea, the user can select one of two options to define
the zone as a contaminant area.

Checking the boxext tolnstantaneous Concentrationdefines the model zone as
having an instantaneous concentration with the desired concentration entered in the
assr:)é:iated field (default is 0.0e0) and available units of ppm (default), ppbagtin

kg/m’.

Checking the box next t&€ontinuous defines the zone as having a constant
concentration with the desired concentration entered in the associated field (default
0.0e0) and available units of ppm (default), ppb,’gamd kg/m.

These two are mutually exalive, therefore only one can be selected for a single
zone.

Clicking on |: button allows the user to define random distribution

propertiesof source concentration for both instantaneous and contgsoauises. This

buttons opens the 6ConcentFigare -Ilnwhebei st r i but i
user can define the Gaussian properties of the soubme.d&fault setting in this

window is 6Constant 6.

*5 Concentration Distribution Model @

" Gaussian

Sigmax0 |1

Sigmar0 |1

Orientation {0.0e0
w0 0.0e0

¥ 0.0e0

0 0,020

ok | Cancel |
Flg ure 7-10 Concentration Distribution Model window

A concentration plume will appear in the zone after the model is discretized (see
Chapter 12).

The solver settings for contaminant plumes are presentetinon13.3
@Ot her Cont anm nbaunttt oSnoiils énot active in | GW Vi

STARTING HEAD

13 Refer toSection 14.1of thelGW Version 5.0P Tutorialslocument for an example of defining a zone as
a concentration source.
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Checking this box allows the user to edit the initial head value that the software will
use in its solution caldations. If the box is not checked, eitinvare or in thé.ayer
window, then the software will assign the starting head to be:

1) Constant head equal to the specified head of the feature where a prescribed head
feature is defined, or
2) The top elevation dhe aquifer where no prescribed head feature is defined.

The default entry in the field i832.808 (this value becomes active and can be

changed if the box is checked). The default unit of measure is feet (ft), with meters
(m), centimeters (cm), aridches (in) also available.

7.6.1.4.2. Prescribed Flux

This layer is where the water body and contamination characteristics for the zone are
defined Figure 7-11)

Zone 1001
Phyzical Biochermical Aquifer Sources and | Scatter Point _—
Fropertiez | Fropertiez Elevations Sinks Contral | Calibration Data

Prezcribed Head /Cone. | Prescribed Flug 1 Head-Dependent Flus

|~ Recharge r | B |
r Recharge Concentration I:l r

Flg ure 7-11 Prescribed Flux

RECHARGE

Checking the box next tRechargedefines the zone as one having a constant level

of recharge. The user can subsequently enter the desired value in the appropriate
field (default entry is 0.0e0) and select the desired unit (m/day is default; cm/day,
cml/year, ft/year, and inch/year are@hvailable).

RANDOM BUTTON

Checking the box next tRandom allows the user to assign arbitrary randestues

for a given parameter itmeir model. The user can apply this feature only to recharge
in thePrescribed Fluxregion.

TRANSIENT BUTTON

Checking the box next to th&ransient button sets the zone as one having a
transient level of recharge. The user may edit the transient recharge settings by
clicking the activated Transient button aheéreforeopening theTransient Settings
window. Plase refer tAAppendix C-l for a discussion of this window.dte that

the default values discussed in the appendix are differenthibaa applicable to this
section

RECHARGE CONCENTRATION

Checking the box next to this feature allows a stated level mthoonation to be
injected into the modeht a given layer. This feature can be used to simulate
contaminant transport in flow regimes within a model.
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7.6.1.4.3. Head Dependent Flux

This layer is where the water body and contamination characteristics foortheare
defined Figure 7-12). This layer has the following four areas:

HeadDependent Flux (TwdVay)
HeadDependent Flux (On&/ay)
Evapotranspiratio

General Head Dependent Flux

= =4 -8 =4

Each of these are#sexplained below.

Zone 1001

Scatter Point

Phwzical Biochemical Aguifer Sources and
Control

Properties Properties Elewations Sinks

| Calibration D ata

Prezciibed Head /Conc T Prezcribed Flux T Head-Dependent Flux

| Head-Dependent Flus [T wo-may] [ Head-Dependert Flux [One-way]

|Lake ﬂ | J
Leakance I:l
Stage I:I {* Elevation |0.0=0 EI
,— ™ Same az Top Elevation
[ Concentration I:I | Ewapotranspiration

~ Max ET [rchived]
Bottomn Elevation Depth-1 I:I

f* Constant |-33.425 Depth-2 I:I

" Same az Surface Elevation

|~ Gerneral Head Dependent Flux

Leakatce [~ Concentration I:I
f* Conztant |5 Leakancs l—l:l

~
| Source Head I:I

Flg ure 7-12 Head-Dependent Flux

HEAD-DEPENDENT FLUX (TWO-WAY) AREA

Two-way flux allows for water to infiltratento and/or escapé&om the system,
accounting for such processes as baseflaxes between the aquifer amdwater

body, and effects ofowering or rising of the water tablen baseflow etcChecking

the box next t@d H e-Bapendent Flux (TweWa y Ylefines the zone as arearof

aquifer discharge/recharge (depending on the relative local head). This area can be
used to model lakes, streams, etc.

The first f i-epeddent Flux (Thwoea yO)He aar ea i s wher e u
choose a name for the type of watedy. Severallwices are available from a drop

down menu which includesake, Wetland, Swamp, Pond, Stream, Creek,

Slough, Ditch Seep and Drains Choosing the name is only arbitrary and does not

have any impact on model results. The chosen name can help refine the water budget

and mass balance estimates (please refSet¢tion14.2for details on water budget

and mass balance)
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Therearethree u b ar e as -Dependbnt FHux @Wwb¥aayd) 6 ar ea. These

associated with river zones and each has its own area within the Rivgerarea
(they are active only when tiRiver box is checked):

1 Stage
1 Bottom Elevation
1 Leakance

Stage Area:
The Stageis simply the water level. It can be set as a constant value by selecting

Constant (default) and entering a value in the field (the default entry is zero).
Available units are meter (ni)default, centimeters (cm), feet (ft), and inches (inch).

The stage can alternately be set to transient conditions by selectifgatisgent
button (deactivated by defaulThecking the box before the button activates it. The
user can then click the button which op#mesTransient Settingswindow. Refer to
Appendix C-I for more information.

The user can also specify constant or transiententrations in the water body by
using theappropriatdields in this area.

Bottom Elevation Area:

The river bottom elevation is specified by seleci@anstant (default) and entering
a value in the field-08.425 feefs the default value/entry). The available units of
measure are feet (ftthe default), centimeters (cm), meters (m), and inches (in).

The river bottom may also be set to the same as the surface elevation by selecting
Same as Surface ElevatianThis dlows the user to take advantage of topographical
data (i.e. placing a river in a ground surface depression, etc.)

The software automatically turns off the river function in cells where
stage becomes less than the ground elevation.

Leakance Area:

The leakancel., with a dimension of [1], is defined as the discharge per unit area
per unit head difference. It is assigned to the zone (or the water body) to establish
the relative hydraulic connection between the feature and the aquifer. A higher
leakance value indicates a stronger corniapct

Theflux g, from thezoneto the aquifer is calculated in the software as:

_él(h-h) if  h, > rivbot
“TiL(h - rivboty i h, ¢rivbot (7.6.1.2.2)
where:

q- = specific discharge out of tzene[LT Y]
h, = head (stage) in the zone [L]

h,= head in the aquifer [L]

rivbot = bottom elevation of the zone [L]
L = leakance [T]
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The user may specify the leakance directly by seledfingstant and entering a
value in the field (the default entry is 5). Available units of measure include day
(default),hour?, sec’, month®, andyear™.

The leakance may also be specified accordirtgneation 7.6.1.23:

L = K. 7.6.1.2.3

where:
L = leakance [T]
K, = vertical hydraulic conductivity of the bed sedimejhf§™]
d = thickness of bed sediments [L]

If a situation is defined wherdis equal to zero for any nodes, then
software automatically assigns a very small number to préuguation
7.6.1.2.3from having a zero in the denominator. This situation will yi
an extremely high leakance thgtiovs the connection between the riv|
and the aquifer as having no resistance.

The zone bedsediment properties are edited by clicking Bediment Properties
button that subsequently opens tRirer Bottom Sediment Properties (RBSP)
window pictured inFigure 7-13. In this window, the user can enter a value in the
Sediment nd K field to set theK; value. The default value/entry is 0.1, and
default unit of measure is m/dayith cm/sec and ft/day also available.

*3 River Bottom Sediment P... E|

Leakance = k./d

Sediment cond K. |0. 32303

Sediment thickneszs d

i~ Conztant I:I

f* River bot elewv - aguifer top eley

Cancel

Fi gure 7-13 River Bottom Sediment Properties

In the&ediment thickness dareain the window, the user can sel€&nstant and
subsequently enter a value to set the thickness of the river bottom sedifmkats.
default value/entry is 0.98425 fuith centimeters (cm)neters (m), and inches {in
also available.

Alternately, the user may set the thickness to be equRivier bot elevi aquifer
top elevo r in other words, 60the difference bet
top elevation of the aquifero.
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If unconfined situations are expected or develop during the simulation
recommended to use tionstant setting to define the sediment thickne
The problem arises because tbp of theaquifer and water table no long
coincide in an unconfined aquifend saturated thickness may change.

HEAD-DEPENDENT FLUX (ONE-WAY) AREA

Checkingthe boxbeforedHead-Dependent Flux (OneWay)b defines the zone as

an area of direct outward seepage flux, relative to the aquifer (such as a wetland,
drain, trench, or quarry). A drain does not supply any aquifer recharge. The relative
local head controls thiux between the aquifer and the water body. Outward flux
from the aquiferinto zone existavhen the local heath the aquiferexceedsthe
elevation of the zoneThe equation controlling the flow of water into #teneis:

iéL(ha'd) it h,>d (7.6.1.2.1)
i 0 if h¢d

4 =

where:
qq = specific discharge into the zone [ET
h,=head in the aquifer [L]
d = elevation of the zone [L]
L = leakance [T]

The user may specify the leakance forzbeein the Leakancefield.

In the Elevation field, the user may enter a value for the elevation okzthee The
default value/entry is 0.0e0. The default units are meters (m), with centimeters (cm),
feet (ft), and inches (inch) all available.

The user may also choose to setzbeeelevation equal to the top elevation of the
aquifer by selectin@ame as Top Elevation

EVAPOTRANSPIRATION AREA
The user can specify tHeeaddependent evapotranspiratioBT) flux [LT™] that
will occur in a zone. The three fields in the ET areae@lained below:

Max ET is the maximum ET flux which takes place when head in the aquifer is
equal to or very close to surface elevation.

Depth-1 is difference between the surface elevation and the head in the aquifer for
which ET will be maximum.

Depth-2i s &6 e xt i nbelawiwbich naET pvill talée place. It @iven by the
difference between the surface elevation and the head in the aquifer at or below
which ET flux will be zero

When the head in the aquifer is above Dehtthe ET flux from the zone is equal to
Max ET. When head in the aquifer is between Ddp#ind Deptk2, The model
calculates ET flux based on linear interpolation from Max ET at D&pthzero at
Depth-2. Whenhead in the aquifer is below DepPh ET flux in the zone is zero.

Additionally, the user canes ET rates to specific levelt test variation throughout
the vertical extent of their model.
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GENERAL HEAD DEPENDENT FLUX AREA
In this area, the user caspecify \alues for Concentration (ppm), Leakance
(ft/day), andSource Head(ft).

7.6.1.5. Scatter Point Control

Scatter point control tab is shown kilgure 7-14. This is where the user can manipulate
scatter points (discussed later in this chapter) in any of the following ways:

In order to accesstheScat t er Point C o d first
select the model zone which the scatter points alecated

Turn Starting Head to Prescribed Head
After importing or interactively assigning starting head in IGW, clicking on
this buttonwill convert starting head data &prescribechead boundary.

Turn Prescribed Head to Starting Head
This option will converprescribed heatb starting head

Toggle fiUse as Starting Heado Fl ag
Clicking this button will displaya flag sign attachedotthe scatter points
belonging to the zone thatdsrrrentlydisplayed.

Copy Starting Head to Calibration Head

Starting head in theodel can be assigned as calibration head. After running the
model, the user can use this calibration head data to evaluafi¢ tieheir
calibration by comparing it to the head distribution from the model.

Delete All Scatter Points in This Zone
If the user selects this optiotihen all scatter pointsn the given zonevill be
deleted, after a warning message is displayed.

Zone 1001
Physzical Biochemizal Aquiter Sources and | Scatter Point L
Froperties Froperties Elevations Sinks Control Ellsafisn et

Zone Level Scatter Point Operations

Turn Starting Head to Prescribed Head |

Turn Prezcribed Head to Starting Head |

Togale "Use az starting head" Flag |

Copy Starting Head ta Calibration Head |

Delete all Scatter Points in This Zone |

Figure 7-14 scatter Point Control
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7.6.1.6. Calibration Data

In order to calibrate existing data to the results from a model, the user can simply create a
scatter poin(s) in the correspondingnodel zone and then assign hydraulic head with
Head (ft by default), concentration data witBoncentration (ppm by default), and
hydraulic conductivity withConductivity (ft/day by default) to that particular scatter
point Calibration Data tab is shown igure 7-15.

After running the model, the calibration data points will show as flags of different colors
in the model areaRed represents maximudifferencebetween the point value and
model prediction while the blue denotes the minimdifference In between red and
blue, a band of rainbow colors is used.

Zone 100
FPhyzical Biochemical Aquiter Sources and Scatter Point Calibration
Properties Properties Elevations Sinksz Contral Data

[ Head Iil:l

[ Concentration I:I
[ Conductivity |:|

Figure 7-15 calibration Data

7.6.2. Visualization and Domain Control

This interface § divided into theZone Type (ZTA), Zone Color/Pattern (ZCA), one untitled
area referred to as th@eometrical Information Area (GIA), a check boxPerform Mass
Balance and a buttoninterpolation Model (Figure 7-16). These features are discussed in the
following subsections.

Zone Type Colar/FPattem ¥ Zone Visible

i+ Active lm Werteres 4
i~ Inactive Color Area v &l Scatter Points

" For Display . [~ Zone Budget~ Yizible
i
[ Daomain Cantral Show Interpolation Model |

Figure 7-16 visualization/Domain Control Area

7.6.2.1. Zone Type

TheZone Typeoffers the user 3 sattions for implementinthe zone in the software:

1 Active,
1 Inactive, and
1 For Display.
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The default setting isActive. This setting includes the zone in software model
calculations.

Selectinglnactive sets the zone as inactive in the Working Area. Its transimissivity is set
to zero in software calculations.

Active model cells are defindohsedon the model boundaries. Cells within th
boundary are called active cells, while the outer cells are inactive cells.

— Model boundary

——— Active model domam

Cells of the Working Area that are not associated with a zone are terantide
Cells. The software internally assigtigeese a sinsmissivity value of zero.

SelectingrFor Display sets thezone as a drawing tool only, thoudtetarea encompassed
by the zoneetains its previous attributes.

7.6.2.2. Zone Color / Pattern

The Zone Color/Pattern area offers the user options for visualizationThe user can
select a pattern from thdrop-down meny and select a color by clicking ti&olor button

(or the color outline area) and selecting the desired color fronCther window that

appears.User can als choose the line widtlior the zonefrom the drop down list
between 1.0 and 10i0 theWidth field.

7.6.2.3. Geometrical Information

This GIA shows two pieces of informatioWertexesandArea. Vertexesindicates the
numberof vertexes in the zondé\rea indicates the conceptual area of the zone in the
Working Area, in nf. This area is the exact area of the zone as dranehnot the @a
used in model calculations.h®@ area used in model calculations dsrived by
approximating the zone shape with fadifference cells).

7.6.2.4. Zone Budget Check Box

Checking the box next tBone Budget” allows for thezone to have its water and plume
mass balances calculated and displayed. Please r&ection14.2for details on how to
perform budget analysis.

When the model is discretized, an entry for botater Balance and Plume Mass
Balance will appear in theTPS (Section4.1.3, under a place holder for the selected

14 Refer toChapter 16 of the IGW Version 5.0P Tutorialsdocument for an example of utilizing this
feature and viewing the results of thmalation.
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zone that resides in thBlass/Water Balancelevel. Clicking these will operthe
respectivavindows. These displays and settings are discusséppendix D-1.

7.6.2.5. Interpolation Model

TheInterpolation Model button changes the view of thélP to show the scatter point
parameters that are being interpolaud the number of points in each set. The button
titte changes t&catter Point Attribute when viewing the alternateHP .

The functionality of scatter points is discusse&@ttion7.7.

7.6.2.6. Zone and Scatter Point Visibility

Checking the box next tdone Visible allows the zone displayed in tiié= to be visible
in the model. Urchecking this box will hide this layer from view.

In the same manner, checking the box nex®¢atter Points Visibleallows the user
specified scatter points to appear in¥derking Area.

7.6.2.7. Domain Control

By default,the model will runfor the domain of every polygodrawn in thewWorking
Area. After drawing a single model zoniéthe user combingis with another plygon,
thenIlGW will solve the model for all of the existing polygorisdure 7-17).

380

190(m)

Flg ure 7-17 Examples on active model area concept
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By default, IGW assigns ndlow conditions to the boundary of any polygo
created inWorking Area.

If the user assigns one or mopelygons as domain control, thé8W will solve the
model forONLY thosepolygons. One caassign a domain control by:

1 Selecting a polygon in thattributes Explorer LHP (or in theWorking
Area), and then

1 Checking theDomain Control box.
In Figure 7-18 model is solved for two polygons which are defined as domain control.

Kt 1000

190(m) /

Figure 7-18 Assigning Domain Control

One of the advantages of usitige Domain Control optionis illustrated inFigure 7-19.
The user may want to overlap other résguor irregularlyshapedpolygons onto an
existing model zone (e.g. adding recharge polygons). $GMé will solve the model

for every active celin theWorking Area, the user should assign the real model polygon
(here, watershed) as the domain contmain Control will thereforemake it easier to
define the model boundary.

-
Recharge
polygons
¢
=¥
- '
i 20 —
TP e
- —_
O
).-‘p +
Wi
Model
boundary
541341 544579

Fig ure 7-19 selecting Watershed Boundary as Domain Control
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Scatter Points

Scatter points are discrete points that may be associated with zones to achieve greater resolution
when data (such as bore hole logs) are avaikisdae or more points the model domainGwW

Version 5.0P can interpolat@lues at scatter points fgpatial attributes ithe associatedones
(seeSection7.7.6. The user can add scatter points in model zanasay (or all) of the following

ways:

1 manually add scatter points (sgection7.7.1);
1 import from a file (se&ection7.7.4; and,
1 import from GIS data (se®ection7.7.5.

The following subsections describe the implementation and functionality of scatter points.

7.7.1. Defining Scatter Points

Scatter points must be associated with a zone iWbeking Area. Therefore, the first step in

defining scatter points is to make the desired zone activeSeset®n7.2). If no zone is active

when attempting to add a scatmint, aMessagewi ndow wi | | appear with the
define at least one zone fiGt!Clicking theOK button closes the window.

Scatter Pointbutton. This puts the cursor dmaw mode. The user may now define &
scatter point in théeWorking Area by simply clicking the mouse at the desire
location.

After the appropriate zone has been made active, the next step is to clidldhe
+ |

Alternately, the user may type in the coordinates for each scatter point {i€tHeSectin 3.13

instead of clicking the mouse at each location. This method is not limited by the resolution of the
screen/mouse relationship and allows for more accuyolatement of scatter points within the
Working Area.

When a scatter point is defined in téorking Area, it becomes the active featui®eeFigure
7-20.

At this point, the cursor is still idraw mode and the user may continue to add scatter points as
desired.
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Layer 1{1): Steady Flow, Time Elapsed = 0 days {0.00 years)

Fig ure 7-20 scatter Points in the Working Area

Scatter points may be defined anywhere withinWaking Area, regardless of the siz
of the selected zone. Scatter points defined outside of the zone witbstitibute to the
interpolationsimulation scheme for the selected zone (in the same faabitihrose define
within the zone)and still affect only that zone. Therefore, the user should ensure th
correct zone is selected before defining scatter points.

7.7.2. Selecting Scatter Points

button and then click on the desired scatter point. The scatter point turns bold an
indicating that is currently selected.

To select a scatter point in tWorking Area, first click the Select Scatter Point : |

If multiple scatter points exist at the same location, then this method will only allow the user to
select the first scatter point defined. To select the others (or to select the first with an alternate
method), access them in tA& (Section4.1.]).

7.7.3. Assigning Attribute Values to Scatter Points

The scatter points appear in thidP of AE under their parent zone. The user can select a point
and then assign #patial attributes and/or calibration valuesng appropriate fields in tHeHP.

A sample of theAE for scatter poirgis shown inFigure 7-21. Thetabs in theRHP for scatter
pointsareidentical tothose ofthezones accept thaBcatter Point Control tab is inactive.

In the bottom portion oRHP, the user can change the poityles (size and color), can type in the

exact coordinates of the point, and can O0checkd
point be visible in th&/orking Area.
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5 Attributes Explorer, Q‘E‘@

Mod Explorer | Hisrarchy Tres | 22
Mapert A 08000008303 — — - ———
Z 10m Physical iochemical uifer OUICES af catter Point i
?5";;2 100 Properties Properties Elevations Sinks Control bl D
+ 1 3
+ [ Hydraulic: Conductivit Molecular Diffusion
+ 03000005824 I Conductiviy  [000 | Do [o0e0 |
+ 03000000828 r . L
+ 03000000843 andon... | ™ Dy G
+ 03000007692 ™ Enly [ I Dz 000 [da]
+ 03000006677
+ 08000006125 I~ Kalkz M Wil [pearze]
+ 03000005602 I~ Orient %2
Drentation ol [T0a0 | U
+ 08000000A31 T ki ftemre=T] ]
+ 09000005446 Lacal Dispersion
Orientation of
+ 030000002401 I e |:| o L |:|
+ 03000000845
+ 03000000233 I~ Trans. ]
+ 03000006384 Storage Terms ™ ven ’_:l
+ 02000005778
+ UB0DO0OYIDS [~ Specific Yield -
+ 05000008504 [~ Specific Storage P edpmion.
+ 03000000846
+ 03000007553 I~ Sail Particle Density |:|
+ 03000006130 [ Effective Porosity [157
< >
- |
Scatter Paint Style Coordinates  Visble
See[2 « R # el |
Color R

Figure 7-21 RHP for Scatter Points

After the scatter points have been defined in a zone, the user can assign the following spatial

attribute values to these points in thig.
i hydraulic conductivity;
i top elevation
1 bottom elevatiopnand,
i starting head

Hydraulic conductivity value an be assigned to a point by
User can check the box before 6Con dudadivityw i t
in the required field. Aquifer top and bottom elevations can be assigned to the poaitehy

selecting the O&6Aqui fer El evationsé tab and
starting head, the user can select O6Stabuinces
the O6Pr escr i b-tab chdok thelbokCeofnacrée sufbr escr i bed Head?é6,

button before é6Consté and enter the value
The user can also assign following calibration values to the scatter points:

1 head;
1 concentration; and,

To assign th@bovec al i br ati on values to the scatter
tab. The user can check theguiredboxes and enter values in the fields.

7.7.4. Importing Scatter Points from a file

If thereis large numbeof scatter points in a zone, it magcome tedious to individually define
every point and assign its attributesexplainedin Section7.7.1and Section7.7.3 The scatter
point information (location coordinates as well #silautes) for any number of scatter points can
bearrangedn a *.csv(comma separated valufle and directly imported into a zone selected in
the model. The text file has to be of a specific forasatxplained below

A text editor window inFigure 7-22 shows a*.csv file for entering scatter points in a zones.
format is explained as follows:
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I ScatterPoints007i.csv - Notepad E@@

File Edit Format View Help

Scatter Points Sample Data file,,, ..y, ~
¥Er ,Layer 1,zone,zone 1001, Attri hitas, s,

T, Y, Cond TOpE, BOTE, CDnstHead CahbHead CalibConc
POOOOOl 552100, 88,213011.72,,284. 99 164 .99, 277. 673,277.368,100
POOOD0O2,556775.11,212834.22, 34, al, 200, 84, 180, B4, 275, 368,
PO00003, 554328.33,212816.9, 69 7, ZEE 95, 195 G4,
PO00004, 551878.33, 212782, 07 288 04, 228 04, ZEZ 245
POO00O0S, 556740, 212778 92,25, 66 300. 84 234, 84 281, 694 281.633,104
POO00O0G, 556733,39,212715.97, 299 92, 238 92, 286 207,
POOOOO7, 552007.06,212681. 23, ,284.07,209.07,279.197, 274 32,102
POOOOOS,556708.42,212470.37 205,52,119.02,277.673,
POOOOOB,551379.36,212303.53,0.1,290.78,200.78,275.234,,
PO000L0, 551145.99,212186.17,,288.95,212.95,275. 806, 281. 635,99
POO001L, 555983.74,212105.42,337. 25, 295 05,218.05,279,806,276.149, 98
POO0012,557075.34,212073., 78,,,,281 635,
PO00013, 556291, 8, 212008 18,63.76,203. 83 220.83,278. 587,
POOOOL4, 557043, 84 211945, 02 32. 84 280, 92 139, 92 266, 395
POOOOLS, 555757, 54, 2115935. 55, , 284, 07 227. 0? 274. 92 281. 635 104
PO000LG, 554044, 9, 211919 34, 282 84, 219 85, 278 487,274,352, 99
PO000L7, 555560, 05 211881, BS , 281, 03 175. 03 274,93,
POO0OLS, 551268.78,211468. 049, 15 49, 292 198, 279 806, 276 149,103
POO0O1S, 551198, 57, 211377.22,,295. 05 224 05 280. 111 “

Figure 7-22 A sample file for scatter points
First linein the fileis a text entry containing information about the.file

Secondine has various comma separated fielfise firstfieldisak ey wor d o6Layer 6 foll o
thelayernamé n t he model s unexhenty s k ®lyavyoerd 1B&.onTelbe f ol | owe
zone nameSampleztn®.asThte nekteysawotrmdy 60iAs tri buted foll
numeric entry for the maximum number of attributes that will be attached to arptiietzone

The third line containa list of keywords. Based on the keyword in this line, IGW wésign the
correspondingttributes to the scatter pointhe key wordsn the file stand for:

Well # - Scatter point name or IRext entry)

X - X coordinatdm] of point location

Y - Y coordinatdm] of point location

Cond - Hydraulic conductivity valugm/day] at the point
TopE - Aquifer top elevation [m] at the point

BotE - Aquifer bottom elevation [m] at the point
ConstHead - Starting headalue [m] at the point

CalibHead - Calibration head value [m] at the point

CalibConc

Calibration concentration value [ppm] at the point.

Please note the units associated with each of the above keywords. The values in the file must be in
these unitsKey words are part of IGW code, therefore the user cannot change them.-A miss
spelled keyword will cause problem in reading file by IGW.

From fourth line onwards, the data should be entered corresponding to the keywords in third line.
Data for Well #, Xand Y is mandatory for every poinmQther entries are optionakor more

clarity, the *.csv file shown in a text editor Figure 7-22 is also shownri a spreadsheetiew

(Figure 7-23).

A B c ] E F G H
1 Scatter Points Sample Data file
2 Layer Layer1 Zaone Zone 1001 Attributes 8
3 Well# H ¥ Cond TopE BotE ConstHead |CalibHead CalibConc
4 |PODO001T | 552100.9) 2130117 28499 164599 77673 277368 100
5 |PODO002 | 55B775.1) 2128342 34.01 30084 199.84) 277.368
B |PODO003 | 554323.3) 2128169 G9.7) 28895 19595
7 |PODO004 | 551878.3) 2127821 288.04 22304 282245
g |POD000S 556749 2127789 2666 30084 23484 291684 281635 104
9 POODODOE | 5567334 212716 295.92 238.92 286.207
10 POODOO7 | 552007.1) 212681.2 284.07 209.07 279197 274.32 102
11 POOO00DS | 5567084 2124704 29892 1982 77673
12 POOOOD9 | 551379.4) 2123035 01 28078 20078  275.234
13 POO0O1O 551146 212186.2 28895 21285  279.806 281635 99
14 POOOOT1 | 5553837 212108.4 33725 29505 218.05 279806 276.148 95
15 POOOO012 | 5570753 2120738 281635
16 POOOOT3 | 556291.8 2120082 G376 208383 22083 278587
17 POOOO14 | 857043.8) 211949 3284 295.92 139.92 2B6.395
18 POOOO1S | 5557979 211240 28407 2707 274593 281635 104
18 POOO0TG | 5540449 2119183 28285 21985 27RARY 27432 99
20 POOOOM7 | 5558601 211882 28103 175.03 27493
21 PO0OOO1S | 551268.5 2114631 15.43 292 188 279808 276.148 105
22 POOOOMS | 551198.6 2113772 20505 22405 2800111
23 PO00O20 556791 211284.4 20892 13982
24 pOnnn 11980 190 a0 200 280 16

Fig ure 7-23 scatter point file in spreadsheet view
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The keywords shown above only pertain to the example fileéignre 7-22 A complete list of
attribute keywords used in IGW is givenTiable 7-1.

To import gatter points from a file into a zone, rigtlick on the zone in theHP of AE and

cl i

ck on
to the file location, select the file containing scatter point information &nd ¢ k

0l mport

Scatter

Poi

ntsé from

t he
60penod.

drop d
The

scatter points appear in the zone right away with all the attributes assigned from the information in
the file. The user can select a point and see its assigned attributeRitRlo AE.

7.7.5.

Table 7-1 Attribute Keywords

ATTRIBUTE KEYWORD REFERENCE SECTION
x-coordinate X -
y-coordinate y -
z-coordinate z -
partition coefficient kd 76.1.106Par t iitkidobn
top elevation TopE 7.6.13
bottom elevation BotE 7.6.1.3
starting head starthead 7.6.1.4.1
prescribed head consthead 76l4loPre sert b
Aread
calibration data head calibhead releiocCal i bAr at 'l
Layer o
calibration data concentration | calibconc releiocCal i bAr atl
Layero
calibration conductivity calibcond releiocCal i bAr at i
Layero
surface elevation surface 7.6.1.3
instantaneous concentration instconc 76l4lioSour ce
Concentratio
constant concentration constconc 76l4lioSour ce
Concentratio
effective porosity poro 7.6.1.17
76142 6Const Re
recharge rech 60Transient Re
dispersivityi longitudinal displ 76.1.1i6Local Di s
dispersivityi transverse dispt 76.1.1i6Loc al Di s
drain elevation drnelev 76.1.43 6 Dr ai nbd
drain leakance drnleak 76.1.43 6 Dr ai nod
river bed elevation rvbedelev 76.143 6 Ri ver §
river stage rivstage 76143 6 Ri ver 0
river leakance rivieak 76143 6 Ri ver 0
specific storage SS 7.6.1.17
specific yield sy 7.6.1.17
Kx/Ky AnisF 7.6.1.1
Kx/Kz AnisF_XZ 7.6.1.1
Orientation of AnisF in XY anisorient 7.6.1.17
Orientation of AnisF in XZ anisorient XZ 7.6.1.17
Decay Coefficient decay coeff 7.6.1.2

# see attribute named subsection within listed section

Importing Scatter Points from GIS Data Sets
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IGW Version 5.0Mas a sophisticated GiBterface to directly import GIS data into tiéorking
Area. SeeChapter 22 for detailed features and functionality of Gitf8erface. Refer t&ections
22.522.6 22.15 22.16and22.17for importing GIS based scatter point data in IGW.

7.7.6. Statistical Interpretation of Scatter Point Data

IGW Version 5.0Phas a sophisticated statistical/geostatistical interface wtach beused to
analyze and interpret data attributes associated with scatter.pOif@sAE window can be
changed talternateLHP and RHP views where user can access the statistical tools to analyze
and interpret datat scatter pointdlease se€hapter 20 below

7.7.6.1. Alternate LHP and RHP

ThealternatdlHP andRHP can be accessed by clicking tBleow Interpolation Model
button in the zon&kHP (seeSection7.6.2.9, or by right-clicking on any zone in the
LHP and selectingwitch List from thedrop-down menu.The alternate HP andRHP
in the AE window isshown inFigure 7-24.

The alterna view changes the appearance of the scatter points in the
Individual scatter points under a zone are replaced by entries for each pal
that havebeenspecifiedby the scatter points. These entries also indicatg
number of scatter points that have this particular parameter specified.

Each entryin LHP has its ownRHP in which the user may specify the conditions for
statistical analysis of the group of scatter points. The format for all eftdéreateRHPs

5 Atiributes Explorer Q|E\E\
Model Explorer | Hizrarchy Tiee | __<<
- @ Project Main Model->BotE~>154 [pts]
= B Main Model
= e Evploratory Anlys. | Femovs Atibute| Dutfer Ao |
= (P Zones 1001 A
i C) Zone 1001 Show Attributes | Expart Attribute ‘ [~ UseLog Scale
Ed BotE > 154 Paintls)
# Cond -»B53 Paints) [~ Regession
5 ConstHead 5152 Paints)  Linsar N
484 TonE ->154 Poini(s] o Bt e U el i € Biquadiatic B
" Bilingar:
" Local iegiession: Lse neaestpoints | ¢ More..
" Quadiatic,
[ Irterpolation / Simulation
Interpolation Parameters
* |nterpolation Method
Exponent; 2
Irverse Distanice >
No. of Mearest Points: 10
" Unconditional Simulation
" Conditional Simulation
@ Drdinary " Direct inversion
 Multiscal
5 e Py Cc
" Hierarchical
'l " LU Decomposition
Wariogram hodel
e
-~
'
& Variogram
o ol
O Covariance
e et |

A Top area for exploratory data analysis
B Regression area
C Interpolation/simulation area

Figure 7-24 Atterate LHP and RHP for Scatter Points
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As seen irFigure 7-24, thefiBotE --> 154 Point(s)0is highlightedin theLHP. Thetitle in

the RHP reads the same. This means ithesre arel54 scatter pointdé this zone that
have explicitly specified aquifdyottom elevation values. These points can be statistically
analyzed and interpreted.

7.7.6.2. Statistical Tools in RHP

The user can analyze the data on scatter pointhdorstatistical parameters in a variety

of ways Spatial parameters in a model zosech as aquifer elevations, hydraulic
conductivities etc. can be interpolated within the zones. RHP provides the user to perform
these analyses and interpretatioflease refer t€hapter 20 for more detailed account

of statistical tools for data processing.

There arghreemain areas in the alterna®P as shown irFigure 7-24.
1) Top area with five buttons and a check box
2) Regression
3) Interpolation / Simulation

The top area deals more with descriptive statistics of the data Régeessionand
Interpolation/Simulation deal with geostatistical analysis of dafa. set up a particular
analysis the user may simply place a check mark in the appropriate box
(Interpolation/Simulation is selected by default).

Checking both boxes sets up tBembination Analysisin which the data is firs
regressed, and then the residuals are analyzed through the ¢
interpolation/simulation scheme.

If there are not enough data to perform a certain analysis, the software will prompt the
user (in a separate window) withmessage indicating the specific problem. The more
detailed settings are discussed further in the following subsections.

THE TOP AREA

Cl i c k i Exgloratorty Analysisébuttonwi | | open the O6Exploratory
window as shown ifrigure 7-25. The window has a table on the right side and 4 tabs on

the left. The table on the right shows descriptive skegistf the selected data.

The four tabs to the | eft ihrBeattenplak . O Blélsd wgr ami
the table therera two sliding bars to set parameters fesdatter. Clicking on any of

these tabs will show a graph of the required statistic. The lag distancelenahde for

the hscatter plotan be set using the sliding bars given at the bettghi corner of the

window. Whenever lag distance or tolerancaltsreq t he wuser should cl i clk
button to update the scatter plot. Similarly, number of imderfor histogram, CDF and

PDF can be set in the bottom right area of this window.
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*». Exploratory Data Analysis @

Histogram Total Scatter Points:

Statistics

h-Secatterplat 7 pairs) M awimurn

Minimurm

“ariable Head Lee

200 Median

. Mode

Warance

200 Standard deviation

Skewness

[EEEEE

[

Coef. of wariation

Lower Quartile 25%
100 Upper Quartile 75%

Graph Parameters:

Mumber of Intervals: [10

Scatterplot Lag h:
I

0 o0 m
i 100 200 300 Scatterplot Tolerance :
“Wariable T ail ! [l m
Draw | Close Window |

Fi gure 7-25 Exploratory Data Analysis window

Cl i c k i Shaw Attributesébutton will revert the alternaig@HP andRHP) view to
the normal view.

Cl i c k i Regove Alttributes 6 button will remove the selected attributes from all
points in the zone.

button is not active in IGW Version 5.0P

Cl i c¢ k iQutfer Analysisdbutton will open thé Owetrl iAnal y sasshdownwi nd o w
in Figure 7-26. In this window the user can choose the humbestahdarddeviations

from mean value a given data value should be taken as outlier. The user can also chose,

with a check box, whether or not the outliers be global or based on deviation from the

local trend. Afterchoosingthe number of standard deviations, therusan click on

6Det ect Outliersd button. Al | the detected ol
order to remove the detected outliers from t
Outliersd button.

Mean=278.14 Outlier Identification Method

Standard Deviation=4.52 G‘mStd Dev.

Index  Mame k4 hs Yalue i

1. POOOODB, BBEF48.99, 21277892, 291639

2. PDOOODE, BBEY33.38, 212715597, 286.21 [

3. POOOO14, 55704385, 211949.02, 266.39

4, POOO023, 55743596, 21108686, 268.22 v Detrend

Remove Outiiers

Cancel

==
Ok

Flg ure 7-26 outlier Analysis window

has five buttons and a check box foney are titledRegressionand Interpolation /
Simulation. The user ighereforepresented with three main options for analyzing the
scatter point data:
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Finally, there isc hec k Use dog Saalé i n this area. By checki

selected data will be analyzed and interpreted at log scale. The box is uncheck by default
for all parameters. However, fdrydraulic conductivity data, the box is checked by
default.

REGRESSION

Regression area IRHP of AE is shown irFigure 7-27. The user may choose from four
preset regression typelsinear, Bilinear, Quadratic, andBiquadratic. The user may
also choose a custom regression format by selectingdne button. Clickng theMore
button opens thRegressiorwindow pictured inFigure 7-28.

v Regeszion

" Linear: ; -
{* Global regression: Use all points ¢ Biquadratic:

" Bilinear:
" Local regrezsion: Uze nearest pointz g

" Quadratic:

Fig ure 7-27 Atributes Explorer Regression Interface

3 Regression E

Palynomial Coeffeient Choice Action

W &0 W a0l [ 02 [~ an3 r

W 210 a1 [ a1z [ ald Hone

[T 820 a21 [ a22 [ a23

Feset
[ a30 [~ a3 [ a32 [ a33

Apply

Selected Polynomial:
[2 0F +20)+(1. 7E +09=+(4. 5E +09

ok, ‘ Cancel |

Flg ure 7-28 Regression Parameters

In this window the user selectively chooses the paramdtgnslacing a check i in

the boxes associated withe desired coefficients. The polynomial form is presented in
the lower portion of the window. Clicking tigply button shows the numerical form of
the polynomial (the blacklone will change to redone) and clicking theResetbutton
shows the algebraiform (changes thBone message tblone). Clicking theOK button
closes the window and sets the changes in the software. Clickin@atheel button
closes the window and discards the changes. The user should nafegtizdordinate

is always selectednd therefore the interface is disabled.

The software will only allow the user to implement choices for which therg
enough data to complete the analysis.

Using highorder regressions can produce unrealistically high values, espg
for large polygons. The user shoindokethese with discretian
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INTERPOLATION / SIMULATION
The user may choose from three options in this drearpolation Method (default),
Unconditional Simulation, andConditional Simulation.

For Interpolation Method, the user may choose (from the associated-dowm list)
eitherinverse Distance(default) orKriging Method .

INVERSE DISTANCE

The Inverse Distancemethod determines pararaetvalues based more heavily
on closer points than distant ones. Refer tol@W Version 5.0P Reference
Manual for more details.

There are two parameters in teterministic Parametersarea that need to be
set when using thimverse Distanceinterpolation method. The exponent is set
in thelnverse Distance Exponenfield and the number of nearest scatter points
to use is set in theo. of Nearest Pointdield. The default values are 2 and the
number of scatter points, respectively.

KRIGING METHOD

The Kriging Method is based on the assumption that points that are near each
other have a certain degree of spatial correlatidrereagoints that are widely
spread are statistically independent. Kriging is a set of linear regression routines
that minimize estimation variance from a predefined covariance model. Refer to
thelGW Version4.7 Reference Manuafor more details.

From user can choose from the number of points to be used in krigingséhe
also haghoices for kriging type, solvepyrototype and variogram model.

There are two option# the variogram model i.dJser specifiedand Infer
from data. Clinkihng o n  t h ebuttorEfdr iugedspecified choice opens the
Variogram Model Parameters window shown inFigure 7-29. This window
allows the user to explicitly define kriging parameters

3 Variogram Model Parameters g]
Yariogram Maodel Geometry Type
™ Spherical &+ |zatropic " Anizotropic
i Exponential
Parameters
~ .
Doussan Nugget ——— |20.
(+ Power
- hoes g -
ole-Exp
Range *f 32,8083
™ Hole-Gauss g EI
L Fower ' 13
Ingar
" Customize Sliree 0004
aK | Cancel |

Flg ure 7-29 variogram Model Parameters

Choosinginfer from Data opens thé/ariogram window as shown irFigure

7-30. This window provides visualization of the statistical analysis and allows
the user to construct a variogram model based on scatter point data. The user can
choose between automatic anshnual settings for building the variogram
model. When in manual modthe user can choose influence radius, number of
lags, mathematical function for variogram model and related parameters of the
function. The display area continuously updates the shape of variogram data and
fitted model whenever user makes any changéénatvailable options. When
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satisfied with the variogram model, the user can click the OK button and the

final model will be applied in kriging interpolation.

This window provides visualization of the statistical analysis and allows the user

to tweak somef the automatic settings.

3 Variogram E]
Experimental Yariogram Theoretical Madel
Types 5 |sotropic Model Functions | | T 2rameters
f¢ Variogram " 2D Anisotiopic ¢ Spherical Options DilF::ttinn
T q
(3D Anisotropic ™ Exponential [ Mugget —r [167
Parameters &5 . B - ¢ (s E
* aussian ange H
Influgnce Radus  ~——— [B0BIEM ] g - ;
i — ] |%
Number of Lags — £ " Pawer [¥ Variance
[Z  Slope T
" Customize
[¥  Esponent —
‘ariogram Open Multiscale Window
a0
*
a0
il PRl
*
i [:1]
Dizplay Options - . ey
Directionl: b Experimental [# Madel 50 ¥ ww
Din
Direction2: [ ] 40 ** #oak * * * Expl
Direction3: [~ In 30 ET - *
r 20
- 10
Preview (™ Automatic fiting 0 Enlarge ... |
(= Manual fiting v 1000 2000 3000 4000 Details ..
Cancel Lag Distance Meter -
. Definitian
ok r [™ Log scale in harizontal [~ Log scale in wertical

Flg ure 7-30 variogram modeling window

For Simulation, the user may choose betwedsnconditional Simulation and
Conditional Simulation.

UNCONDITIONAL SIMULATION

The Unconditional Simulation procedure generates a spatially correlated
random field based on sample statistical parameters. This procedure will
generate new values for the locations corresponding to the measured values.

There are six options available inettsimulation Methods area when this
procedure is selected:

1)
2)
3)
4)
5)
6)

Spectral Algorithm (the default),

Sequential Gaussian Simulation

Turning Bands Algorithm,

Sequential Indicator,

LU Decomposition and

Simulated Annealing Appendices Bl-I, B-I-Il, andB-I-lll discuss these
methods (some of the writing in the referenced appendices is not directly
applicable as the appendices were written with respect t@tien of
Unconditional Random Fieldwindowi simply disregard those portions).

There are two options thappear in theSpatial Statistics Parametersarea
when Unconditional Simulation is chosen. Choosingser Specifiedallows
the user to explicitly define simulation parameters by accessin®dhdom
Field Options window (seeAppendix F-lIl ), clicking theappropriateOption
button. Choosingnfer from Data instructs the software to automatically
determine the parameters and apply them. Clicking the assoEiditetutton
opens thevariogram window (seeAppendix F-11). This window provides
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visualization & the statistical analysis and allows the user to tweak some of the
automatic settings.

Refer to thdGW Version5.0PReference Manuafor mathematical details.

CONDITIONAL SIMULATION

The Conditional Simulation procedure generates a spatially correlated random
field based on sample statistical parameters. This procedure is similar to the
Unconditional Simulation method except the values for the locations
corresponding to the measured values are held equabde tralues when the

field is generated.

There are two options available in tsémulation Methods area when this
procedure is selected:

1) Spectral Algorithm (the default), and

2) Sequential GaussianSimulation. Appendices Bl-I, B-I-II, andB-I-llI
discusghese methods (some of the writing in the referenced appendices is
not directly applicable as the appendices were written with respect to the
Option of Unconditional Random Fieldwindow i simply disregard those
portions).

There are two options that appéarthe Spatial Statistics Parametersarea
when Conditional Simulation is chosen. Choosingser Specifiedallows the

user to explicitly define simulation parameters by accessinfameglom Field
Options window (seeAppendix F-IIl ), clicking the appropria&Option button.
Choosinginfer from Data instructs the software to automatically determine the
parameters and apply them. Clicking the associ&dit button opens the
Variogram window (seeAppendix F-11). This window provides visualization

of the stéistical analysis and allows the user to tweak some of the automatic
settings.

Refer to thdGW Version4.7 Reference Manuafor mathematical details.
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Chapter 8 POLYLINES

A polyline is basically a series of line segments. Polylines are used to define=/sink areas or flux
monitoring boundaries in the Working Area. Pol yl i ne
receive full model representation (due to the grid size) if defined as a zone. The following sections

describe the impleméation and functionality of polyline features.

8.1. Defining Polylines

The first step in defining a polyline is clicking tleeate a New Polyline and Assign
Property button, located at row 2, column 3. This puts the cursor in drawing md| /.
The user mayow define a polyline in the Working Area by simply clicking the mou v
at points along the desired series of line segme&igsire 8-1 shows a polylinén the
Working Area.

First, the user selects a beginning point at one end of the desired polyline and clicks the mouse.

The user moves the mouse cursor to another point along the desired polyline. A line will extend

from the initial pointto the curredtoc at i on of the cursor indicating
polyline. The user should adjust the | ocation o
coincide with the userés desired edge. Once thi s

Next, the user should then motlee mouse cursor to another point along the desired polyline.

Again, a line will extend from the initial point to the current location of the cursor indicating the

60 pr op os atdobthespelyima.efie user should adjuste location of the mouse cursor to

make the &éproposedd segment coincide with the wus
set the point. This process should be repeated until the desired polyline shape has been achieved.

Doubleclicking the mouseends the process and sets the polyline in dftsvare. If the desired
polyline were simply one line segmetihen the user should double click at the second point
instead of continuing the process.

Layer 1{1): Steady Flow, Time Elapsed =0 days (0.00 years)

Fig ure 8-1  AnExample Polyline in the Working Area
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8.2.

Alternately, the user may type in the coordinates for each segment endpoint (in thies¥€l
Section3.13 instead of clicking the mouse at the desired location. This method is not limited by
the resolution of the screen/mouse relationshipl allows for a more precise development of
polyline features.

When a polyline is defined in the software, it becomes the active feature.

At this point, the cursor is still in 6draw mode:¢
desired.

Selecting Polylines

8.3.

button ¢ow 3, column 3)and then click the cursor at a point on the desired polylil
The polyline becomes outlined in retereforeindicating that is currently selected.

To select a polyline in the Working Arefirst click the Select a Polyline and Edit It - |

Alternately, the desired polyllnmay be selected in tdE (seeSection4.1.7).

Redefining Polylines

8.4.

A polyline that has been defined in mBdetdcan be
mode (sedNode Edit Modein Section3.16. The user may change the shape of the polyline in
either the Working Area or any submodel windows by:

1) Moving theexisting vertices, and/or
2) Creating new vertices.

To move an existing vertex (line segment endpoint), click and hold the mouse above the black
square that corresponds to the desired vertex, drag the cursor to the desired vertex location, and
release th mouse button.

To create a new vertex (make one line segment into two), click and hold the mouse above the blue
crosshair symbol (one exists between each vertex) nearest to the desired location of the new
vertex. Drag the cursor to the desired velteation and release the mouse button.

These steps may be repeated as many times as necessary until the desired polyline shape is
achieved.

Moving Polylines

8.5.

Polylines can be moved in the Working Area by selectind@¥éRL] key and clicking on the
Pdyline at the same time. While holding down tf&TRL] key, use the cursor to move the
polyline into the usero6ts desi[CER]kpyosi ti on, and tF

Setting Polyline Attributes

Polyline attributes are set in the AE (sBection Error! Reference source not fouhd. After
ccessing the AE, the first step is to select the desired polyline in the LHSdsten 4.1.7).
Doing this brings Secipndtlld.eA saRpleiofritte &RHPRd B polylseie
shown inFigure 8-2.
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Fline 1001

" Mon-specified
r Prescrbed Head

@ Constant [0.0e0 [t
" “anable 4

(™ EqualtoY elevation [e.q., Water Table]

— Head Dependent Flux

" Two way o
" One way

" Calculate and dizplay flus across the polyling

v Show total flux at a selected time in new windaw

B Apply

o Seepage flux
" Solute flus

[ Show total flus as a function of time in new window

Dizplay Option

Width | 1 pisels
Colar ... \
Figure 8-2  RHP for Polylines

The polyline attributes displayed in the AE are discussed in the following subsections.

8.5.1. Non-Specified

SelectingNon-Specified in the Polyline Type area makes the polyline ndanctional in the
model solution. It is in effect for drawing purposes only. This is the default setting.

8.5.2. Prescribed Head

This section allows the user to manipulate the polylint \&i designated head type. The head
choices ar€onstant, Variable, andEqual to Y elevationas shown irFFigure 8-3.

Prezcribed Head
& Lonstant  [0.0e0 [
" “anable

(" Equal ko v elevation [e.g., " ater Table]

Flg ure 8-3  Prescribed Head area

CONSTANT HEAD

Sel ecting 6Constantdé in the OPrescribed Head:
val ue. The desired value is entered in the f
H e a dtd afternt is selected. The default entry is 0.0e0. The default unit is meters (m)

with centimeters (cm), feet (ft), and inches (inch) all available.
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VARIABLE HEAD
SelectingVariable in the Prescribed Headarea sets the polyline to have a linearly
variable head along its total length. The desired values are entered&dittRolyline

Attributes box that appears when the user selectd__| box next to thevariable
choice. Edit Polyline Attributes windovis shown inFigure 8-4.

» Edit Polyline Attributes

Hlm) 7im]
43 27RE33369286 | 406.264984411722
143 800269355221 | B01.031959407964
367 0235975296609 | B15.179762145755
357.023975236603 | G17.67643321713
356, 306266354085 ¢ B36.81757809767

Ingert

Delete

Change |1

Save to Excel

Do Linear
Interpolation

R L

Set River
leakance
based on
itz order

:

il

Cancel

Fi gure 8-4  Editing Polyline Attributes for constant head

The first andsecond fields are the X and Y coordinates for the nodes of the polyline. The
third field allows the user to specify a head value for each node location, thereby giving
the polyline variability across its extent.

Note that all of the columns have atunfimeter. The usarannotchange the uni
in this table. User should make sure that while making any changes in the
the values entered in meters.

Any value in the cells of the table sho@X, Y and Headlan be modified by the user by
using th button.To change a value, first type the new value in the field provided

next to the button. Then move then move the cursor and click in the cell where
new value will be added (the cell is selected). Move tivsar back and click on the

button. The value in the selected cell is update.

To save data present in the table to Micrdsofixcel®, click button. An

Excel window opens with all the data already written in the spreadsheet. You may save
the spread sheet just as you do in EXcel

You can do linear interpolation of values across any column in the table. You can also do
linear interpolation whin a portion of the column. To do linear interpolation, enter the

desired values in the first and last desired cells of the column usi button.
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Click to select the first cell, and then holding the skéy, click in the last cell. This will

selectall the cells from the first to the last cells. When cells are selected, just click on the

Do Linear
Interpolation

in the button. You will see the linearly interpolated values from the first to
the last cel selected.

HEAD =Y ELEVATION
SelectingHead = Y Elevation (e.g. weer table) in thePolyline Type area sets the head
associated with the polyline equal to th@xys value at each point This feature is

especially useful in building 2D o6profile mod

R

Assigningthe water table as river head is useful when modetiragssections of
unconfined aquifers directly in the Working Area.

8.5.3. Head-Dependent Flux

This field, shown inFigure 8-5, allows the user to designate the polyline as eitheway. or 2
way headdependent flux, in the same manner that zones are designated in the AE.

Head Dependent Flus

f’“Twnwa_uJ I
- Dnewa}IJ

Figure 8-5  Head-Dependent Flux area

The user can specify thgpe of flux they prefer (river or dra)nUsing|:| button opens the
window as shown inFigure 8-6 for editing polylinecoordinates and attribute¥he user can
choose whether or not the recharge flux be
by checking the box before 6AI 1l ow to Apply
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» Edit Polyline Attributes

H[m] ¥ [rn) Riv Stage[m] | Riw Leak(1/day] Riw Bot[m] Order

1 43.275633369286 426.264924411722 1} 5 30 0 Add

2 149.800269255221 601.031959407964 1} 5 30 0

3 357.023975296609 | 615.179762145755 1} 5 30 0 Inzert I

4 357.023975296609 B17.67642321713 1} 5 30 0

5 | 9530528635405 | 636.517578097671 ] 5 30 0 _ ook |
Change I1
Save to Excel I

Do Linesar
Interpolation

Set Fiver
leakance
basedon|  *
it order

Cancel

Figure 8-6

Editing Polyline Attributes for head dependent flux

Notice that all the buttons one the right hand side are sameFéguire 8-4. They also function

the same way as explained

for

6Pr es columnsend

the table of values. Units for all these values are given in the column he@ldersser cannot

change thanits

Head©6.

Changing,interpolating, or saving the values to Excel spreadsheets is done the same way as

explained above.

8.5.4.

Calculate and Display Flux Across the Polyline

This field, shown inFigure 8-7, allows the user to estimate seepage and/or solute flux across a
polyline. This feature is activenly for multiple realizations of Monte Carlo simulatiofGhapter
18). Total seepage and/or solute flux is estimated at the end of each real@atitan18.5.2.3

covers further details of this feature.
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Pline 1002

" Mon-specified

r Prescribed Head

(" Congtant  |0.0e0 EI
" Variable

i Equal to ¥ elevation [e.qg., \Water Table]

— Head Dependent Flux

" Two way r
" One way

% Calculate and dizplay fus across the polyline

W Shaw tatal flux at a selected time in new window

I Apply
&+ Seepage flux

" Saolute flus

[ Show total flux a3 a function of time in new window

Fig ure 8-7  selecting €alculate and display flux across the polyline6in the Polyline RHP

IGW Version 5.0Pdoes not show total flux as a function of time forsiagle
realization.

8.5.5. The Display Option Area

In the Display Option area, the user can setthewidt of t he pol yliidnen 6i fiteha . OI
This width is based on screen pixels.

The user may also change the color of the line by clickingCibler button that subsequently
opens the color window.

The software assigns a polyline to every cell that the polyline is drawn through.
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Chapter 9 WELLS

Wells are defined at discrete points in the Working Area, and used to define either sougmafgimk
(injection and pumping wells, respectively), or to monitor heads and concentrations in the aquifer. The
following sections describe the implementation and functionality of well features.

9.1. Defining Wells

Thefirststepindefiningawéﬁisclicking the O6Add a New VOG button,
row 2, col umn 4. This puts the cur st n odraw

in the Working Area by simply clicking the mouse at the desired point.

Alternately, the user may type in the coordinates for each well (in thei \&8eSection3.13
instead of clicking the mouse at the each locatibhis method is not limited by the resolution of
the screen/mouse relationship and allows for more precise placement of well features.

When wells are defined, they become associated with the nearest node. Therefor]
the mouse is clicked to add a well, it may not appear in that exact lo¢atiappears a
the associated node. Note that the coordinates for the desired placertentvefl are
stored internally, so when the resolution of the model changes (or a higher res
submodel is implemented) so does the location of the well (as it must stay associat]
the closest node).

Multiple wells, although havingifferent realworld coordinates, may be associated w
the same node in the model. In this case, the effects of each well are aggregatg
node.

At this point, the cursor is stildl i desiredldr aw mode ¢

Along with beinga modeling component, a well can also be used as a visualization f
and can be used as a reference point. When a well is defined in the software, it becd
active feature.

9.2. Selecting Wells

To select a well in the Working Area, first click tiSelect a Well and Edit Itbutton
and then click on the desired well. The well becomesingticating that is currently q
selected. |—

If multiple wells exist at the same location (or are associated wihsame node), then this
method will only allow the user to select the first well defined. To select the others (or to select
the first with an alternate method), access them idBéSection4.1.7).

9.3. Moving Wells

To move a well in the Working Area, click @elect a Well and Edit Itbutton, select the well
with the cursor, press and hold flgeTRL] key and move thevell into the desired position.

15 Refer toSection3.5 of theIGW Version 5.0P Tutorialslocument for a stepy-step example of defining
a well.
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If the modelgrid is coase, then it may be difficult to move well to the desired position
Alternately,theuser may change well coordinates using Attributes Explorer/Well Location field.

R

When moving an existing well in the Working Area, the software will autically place
the well at he location of the nearest nedeot necessarily where the user clicks
button. Therefore changing the grid size willffect the location of that well as it must st
associated with nodes. It is recommended to make thergg@ution finer in order tq
move a well closeto its respective realorld coordinates.

9.4. Setting Well Attributes

Well attributed® are set in thé\E (seeSection).

9.4.1. RHP for Global Attributes of Wells

Clicking on Wells at Group Level (refer Eagure 4-2) in LHP opens the globdkHPf or a wel | s &
group as shown ikigure 9-1. The wuser can change and/or assign gl
group in thisRHP.

[ Turnoff all pumping well: 1 Set all well display atributes together

Size |5 -
W well visible v Use this color

[v Label visible -

[ Turn off all injection wellz

[ Turn aff all manitaring wells

Apply thig to all sub-node pumping wellz |

Flow F ate

' Constant |-459.28 [” Head Conection
" Transient ... ™~ Factor

Apply this ta all sub-node injection wells ‘

Flows B ate

{* Caonstant 459,288 [~ Head Correction
" Transient ... ™ Factar

Concentration

+ Conztant|0.0=0
" Transient ... " Factar li

Figure 9-1  wells Attributes in the AE

TURN OFF WELLS

The top left area ofthe RHP gives various tuwm f f opt i on sgrdumThe dptioes wel | s 6
includeTurn off all pumping wells, Turn off all injection wells, andTurn off all monitoring

wells. The user may select as many of these options at once as they desire for modeling.

16 Refer toSection3.9 of theIGW Version 5.0P Tutorialslocument for examples of defining well
attributes.
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DISPLAY OPTIONS
The top left area of the RHP gives various display options for the wells. The options include
display size, color, and visibility (for well and/or label) options.

APPLY SETTINGS TO ALL SUB-NODE WELLS

This feature allows the user to spechgiven flow rate for wells (ilGPM by default), a head
correction factor, and/ogive the wells transient values. It also allows injection wells to have a
specific contamination concentration for each location.

Clicking the Apply this to all sub-node pumping wells box will implement the stated values
and/or conditions to all pumping wells in the group. Likewise, clickingAggly this to all sub-
node injection wellsbox will implement the stated values and/or conditions to all injection wells
in the graip.

9.4.2. RHP for Attributes of Individual Wells

After accessing thAE, the first step is to select the desired well inlth (seeSection4.1.1).
Doing this brings up thBHP for wells (seeSection4.1.2 asshown inFigure 9-2.

The well attributes shown in thE are discussed in the following subsections.

Wwiell 1001
‘whell Location EolorC :
olor ...
x [rez305ft ] Top  [78882[1 ]
W GEXE erem 1] -
v Use default interval = :Iv
v well visible
_ Flow R ate
* Pumping { @ Constart |-459.28 W Label visile
O Transient.. |

™ Injection +

{f" Equalz to ,_ %of Qin ’—_|

i i*
None Hone [ Head Correction
{ o Conztant l:l
C Trasiert. |
+
{ " Equal: ta % of Conc in
* Mone
Monitoring Well

[~ Monitoring Head and Concentration

[~ Monitoring Probability Diztribution

Figure 9-2  RHP for wells

WELL LOCATION
This field displays théocation of the wellin terms of X and Y coordinate®efault units are in
feet (ft).

SCREEN INTERVAL

TheTop (upper elevation of the screen interval) &at (bottom elevation of the screen interval)
fields display the depths over which the well is screened. These are set by default (the middle
onethird of the aquifer thickness) but can be changed by uncheckitdsthdefault interval box
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and subsequentlynéering numbers and selecting the unit of measure (meters [m], by default;
centimeters [cm], feet [ft], and inches [inch] available).

R The screen interval is only considered within a profile model. In all other mod
situations, the well is treated fully penetrating.
COLOR AREA

The current color of the well is displayed in Belor Area. Clicking theColor button (or in the
sample color patch) opens the color window and allows the user to specify a desired color.

The user may alsspecify size of the well on the screen (5 is default), and has the option to not

display both the well and its label by-gelecting the appropriate boxes.

WELL TYPE AREA
The user can select betwdenr options for thaVell Type.

1) Pumping Well
2) Injection Well
3) None
4) Monitoring Well *’
The types are discussed in the following subsections.

PUMPING WELL

Selecting 6Pumping Well 6 (the default) sets t
aqui fer. I n t FslowndFligwen9-3 Riaet used magy seted either
6Constant Q6 or O6Transient QO6.

I f 6Constant Qb6 is selected (definadun the) , t he we
associated field. The default value-#59.3 (the negative sing - ) indicates water is

being withdrawn from the aquifer) and the defautit is gallons per minute [GPM]

(available units include: ffsec, liter/secm®day, and milliongallons per day [MGD]).

The user may change these fields as desired.

I f the 6Transient é6 button is selected (the
set to pump according to the default transient conditions. The user may edit these
transientconditions byci ki ng t he act ibv dtued odTraamrds itehretn ép e
6Transient Settingsé window. This window and
Appendix C-I. (Note that the default parameters for this situation are not necesisarily

same as for the situation discussed in the appendix.)

The user also now has the option to specify
anot her well 6s discharge in the group. By de
thereby disabling it, twever the user may choose to enable this for modeling purposes

such as croswell comparison and sensitivity analysis.

1" Refer toChapter 11 of the IGW Version 5.0P Tutorialsdocument for an example of defining a
monitoring well and viewing the results.
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Flaw Rate

fe Pumping {* Congtant |-459.28
U oMo

(" Injection +

{FEqualstDI_?:;DfE!in | J

f* Mone

~
Mane [ Head Correction

Figure 9-3 Assigning Flow Rate

The O6Head Correct i on 8edwmgrackthelsatwareitoncalaulate s f i el d
a head value in the well that more accurately reflects the extent of the drawdown (pump

up) caused by the well pumping (injectior) (it is unchecked by default). When

checked, the corrected head value will sptiiyed in the software but will not be used in

any calculations.

CheckingHead Correction box for one well activates it for all others in t
model although other wells will not indicate that it is active in their respe
Head Correction check boxes.

INJECTION WELL

Selecting o6lnjection Welld sets the well as
0Fl ow Rated area, the user may select either
The di scussion for the OFlIl ow Rate6 area is tfF

lack of a (-) sign indicates that water is being added to the aquifer.

The injection wel!l selection allows the 6Conc
user can specify a contaminant amount if desired (in ppm by default). Also the user has

the ability to allow one well éds contaminant |
the group, in the same manner as the operatio
NONE

Sdecting None sets the well to be displayed in the Working Area but not affect any
model calculations or be considered in any way in the model solution.

MONITORING WELL

Monitoring Well area is shown ifrigure 9-4. Sel ecting 6éMonitoring Wel
heading text becomes active) sets the well as one that can monitor heads, concentrations,
probabilities, and correlations.

There are two types ofionitoring available for a well:

1) Monitoring Head and Concentration, and
2) Monitoring Probability Distribution.

Manitoring 'well

Iv Monitonng Head and Concentration

[ Monitoring Probability Diztribution

Fig ure 9-4  Defining a Monitoring Well
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Both may be selected simultaneousl vy, but o6 Mon
only in Monte Carlo simulations (s&ection18.5.2.3.

Clicking the 6Optionsdé button next to OMonit
6l nput Head / Concentration Datad window. It

THE INPUT HEAD / CONCENTRATION DATA WINDOW

The window is shown irFigure 9-5. This window allows the user to enter
calibration data (head data on the O0Head
the 6Concentration Datad | ayeronmtheo constr
model can be compared.

The user can either manually enter the head/concentration data in the table or

import from a file usingthé | mpor t Huttoom Fi | ed
Input Head I Concentration Data
Head Data T Concentration Oata
| Time(days] | Head(m) |
1 o | o ]

Irnpart fram File:

Redraw

Head(m )

ok

Time [ days )

[l e

Flg ure 9-5  Input for Head/Concentration Data

Data is enterednanually by clicking the appropriate field and entering the

respectivenumber. Additional points can be added by pressing enter on the
keyboard (when the cursor is in the data cell). A datum can be deleted by
pressing the space bar when the cursor is in one of its data cells (and

subsequently confirming the desire to deleti t ) . Clicking the 6R
updates the plot area to show the data po
the window.

Clicking the 6l mporstfdomplFaydabwatonng
will overwrite the existing head and concetitra data in tables. Do you want to
continue?0 Clicking the 6Yesdé button wild.l
the user can browse to the required file location and upload data into the table.

IGW Version 3P supports inputlata filesin *.csv format.
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Chapter 10 PARTICLES

Various types of particle features can be added to a model to trace flow paths for flow visualization,
contaminant migration prediction, etc. The following sections describe the implementation and
functionality of particle features.

10.1. Adding Particles

Unlike other features, adding particles does not require discretizing the model
running it (seeChapter 12).

There are four different particle features that the user can implement in the Working Area:

A single particle

A zone of particles

Particles along a polylineand
Particles aroundvells.

= =4 -4 4

These features are discussed in the following subsections.

10.1.1. Single Particle

The first step in defining a solitar) rticle ic¢
(Button Paletteow 4, column 1).Thi s puts the cursor i | ™ [draw mode
now place a single particle in the Working Area by simply clicking the mouse a

desired point.

Alternately, the user may type in the coordinates for the particle (in thé ¥€&Section3.13
instead of clicking the mouse at each location. This method is not limited by the resolution of the
screen/mouse relationship and allows for a more precise placehsamgle particle features.

When a particle is defined in the software it becomes the active feature. A graphic is displayed,
showing particle properties as seen belowigure 10-1.

3 Particles g|

T

Wertical Settings

o 2D matrix at a vertical location of |05«

~

Wertical location top 1 -

Wertical location bottorm | - 1: aquifer top
Wertical density multiplier [ 0 anquiter bottam

Cancel ‘ Ok

Figure 10-1 Particle Properties
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6Hori zontal Settingsd and 63D matri xd are not apfr

Vertical Settings area is shownkigure 1060226 2 D matr i x at a vertical | ocat
to specify the exact release point within the thickness of a gawen byusing thepull-down box

shown inFigure 10-2. By default, the location to release the patrticles is halfway down the layer

(value of 0.5, where 1 is the aquifep and 0 is the bottom of the aquifer).

Yertical Settings
o+ 20 matrix at & vetical location of |[f§ -
1

Yertical location top .5

Wertical location bottorm {0 .
1: aquifer top

Wertical denzity multiplier 1 0 aquifer battom

Cahcel | ok

Figure 10-2 vertical Definition Settings for Particles

At this point, the cursor is stildl in 6draw mod
desired.

10.1.2. Particle Zone

The first step in defining a zone of particfes s ¢ | i cAldi Particles Iiside a6

Polygord butt on (-Bwt#tcadumn PaTlheitst eput s t he sor in 6
mode 6. The wuser may now dr aw azozedn same met |

Section7.1) in the Working Area.

As soon as the user finishess awi ng t he zone, t héseebiduern®3),cl esd wir
with the same features as the single particleSdotion10.1.], except that now t he
Settingd and 63D matrixd6 options are active.

3 Particles E|
Harizontal 5 etting

Murmber of particle columnz releazed within thiz palygon: |15

Yertical Settings

20 matrix at a vertical location of (05 -

Yertical location top 07m -

Yertical location battorn [0 25 o 1: aquifer top
Wertical dengity multiplier 2 0: aquifer bottam

Cancel ‘ QK

Figure 10-3 Particle Properties

18 Refer toSection8.1 of theIGW Version 5.0P Tutorialslocument for a short example of defining a

particle zone.
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In the Horizontal Setting, the user can spehibyv many particleper rowwill be released in the
designated region of the nNudberlof RaiclesQ@olurensi ng a nu
Released within This Polygoifield. The default value is 15.

When 3D options is selected in VeotatabnSebpdnagn
0Vertical |l ocation bottomd from the drop down op:
the threed i mensi onal real m. 6Vertical density multipl
particle density in vertical direction. Defamultiplier is 1.

Figure 10-4 shows particles added in a polygon in the second layer of a model. A model cross
section across the particles is atbmwn in the figure illustrating the particles in a 3D re&imore
on crosssections is given ihapter 16).

*3 Cross-section 1

Figure 10-4 Pparticle added in 3D realm of a model

Af

t e cle zone has been created and partic
mod e

arti
the user may continue to add particle z

a p
and

o =

n

A particle zone maye redefined in the same fashion as any other zones, using:
button at Button Palettew 11, column 3 (seBection7.3). After a particle zone is
redefinedbess ur e to click the o6l nitializini
zone shape with particles.

e
5

rticleso

A particle zone may be selected in the same fashion as any other zoBedts@e/.2).

10.1.3. Particles Along a Polyline

The first step in defining a polyl an f particl
Pol ylined but trooow (AButdolnunmal ).t e ThiAputs t he
modeb. The user may now draw a par e polylin

polylinei Section8.1) in the Working Area.

After doubleclicking (or typing the end command in the VCI) to finish drawing the particle
polyline, the 0P a(seeHguare 16-5).6Thiswiindalvaesviderdigal goettee rorees
discussed in above sections, with one difference: The default number of particles to be released is
now 30 instead of 15.
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+% Particles g|
Harizontal S etting

Mumber of particles released along thiz polyline: |30

Yertical Settings

¢ 20 matrix at & vertical location of |05 -

30 miatrix

Vertical location top 07m -

Vertical location bottarn [ 25 « 1: anuifer top
Wertical denzity multiplier 2 0 aquifer bottam

Cancel | Ok

Figure 10-5 Paricles Along a Polyline
The user enters a val ue, or accepts the defaul't
or 6Cancel 6 to abort the procedure. When a pol
becomes the active feature.
The total number of desired particles is then spaced evenly over the entire polyline length.

When 63D matrixd option is used for polyline, it

After a particle polyline has beeneca t e d , the cursor is stildl in &6dr
continue to add particle polylines as desired.

A particle polyline may be redefined in the same fashion as any other polyline|¢
Section8.3) . Af t er a particle polyline i
Particlesd button to completely fildl

A particle polyline may be selected in the same fashionyasther polyline (se&ection8.2).

10.1.4. Particles Around a Well

The first step in adding particles a_s,[ind wells
Wel |l s6 button oWBuwt,t omnol Ruaninet4)e. This|%®2 ens the
Wel | s& wiFiguded®6).( s e e

The window shows a list of wellsurently in the model (if no wells are present, the user will not
be able to add any particles using this interfathp window also shows the wells which already
have patrticles.

The user may select wells individually by clicking in the corresponding box, select them all by
clicking the 6AI I 6 button or <clear all checked b«
also enter the number of particles to add to each welld&feilt particle setting is 40.

In addition, IGW Version 5.0P allows for vertical settings of these particles (identical to those in
previous sections). Using 063D optiond wild.l creat
realm. The user caalso designate the radius from the well that these particles are released (the

default is 10, default units in meters (m) with feet (ft), centimeters (cm), inches (in), kilometers

(km) and miles (mi) as additional measurement options).
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10.2.

X

%3 Add Particles To Wells

Add particles to:
Harizontal Setting
Wlell 2003 Add how many particles to each well (40
Wwiell 2004
Wiell 2005 w

Wertical Settings

All Mane v 20 matrix at a vertical location of [0«

YWell already having particles: " 30 matrix

Wertical location top 1 -
Wertical location bottom i} - 1 acuifer top
Wertical denzity multiplier 1 [ aquifer bottam

Location of particles released . At aradius of |10, D

Figure 10-6 Adding Particles to Wells

Once the proper selections have been made, click
When particles are added around wells the particle group associated with the sedfidtadest
on the list (in the window) becomes the active feature.

R

Adding particles around wells and then performing backward particle tracking is g
useful way to delineate well capture zones.

Setting Particle Attributes

Particle feature attributes are set in &te (seeSection4.1.2under the headinBarticle Groups).
After accessing thAE, the first step is to expand (if it iot already) the desired particle feature
subgroup under thBarticlesGroup placeholder in th&éHP (seeSection4.1.1). There are four
subgroups, one for each gypf particle feature. THRHP (seeSection4.1.2 is the same for each
entry within these subgroups and these are discussed in the following subsections.

R While for advection (linear average groundwater velocity) changing thmeber of
particles does notffact the simulation results, if the user assigns dispersion tg
groundwater model, then it is recommended to increase the number of particles in
capture the variability of groundwater velocity.

It is also recommended to use smaller time steps in order to get more representative

! . N .

The user can BLY delete all of the particleafter discretizing the model, using x
Delete All Particlesbutton.
10.2.1. RHP for a Single Particle

A sample of the RHP for a single particle is showkigure 10-7.

ing the partic
yi ngywat he entir
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Cont i nu o u sthe@eault). [The neetisablocation may also be changed at any time, in the
manner ofSection10.1.1

The user can change the number i
is 12 pixels).
ParticlePaint 1002
Yertical location (05 - 1: aquiter top Relzaze

[: aquifer battom

Dizplay Optiong
(" Show az dizcrete particles Size [in pixelz] lﬁ :ll

{* Show as continuous pathlines  Colar .. | ]

Particles

Figure 10-7 RrHP for a Single Particle

0Si

zebd

The user may also click t button (or the sample particle point box next to it) to open the

6Col ord window and subsequently select a
To release the particles after reconfigwati, t he user can sel ect
10.2.2. RHP for a Particle Zone

A sample of the RHP for a particle zone is showRigure 10-8.

ParticleZone 1002

Harizantal Setting

Mumber of particle columns released within this zone |15 EE|E_5|SE
articles

Wertical Settings
(¢ 20 matrix at a vertical location of |05 -
3D makrix
Wertical location top 1 -
Wertical location battam {0 - 1: aquifer top

Wertical density multipier |4

0 aquifer battom

Display Options

{+ Show az dizcrete particles Size [in pixelz) |3—ﬁ

" Show az continuous pathlines Color ... I:l

Flg ure 10-8 RHP for a Particle Zone

t

new

he

The user may adjust the number of particle columns by entering a number in the appropriate field,
andalso releasing the particles by selecting that button.
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The user has the option of displaying each particle at a single location at each point in time
( 6Di s cr e tiethe Rlefault) orcdispagirfy the entire pathline each particle has traveled
(6Comobus Pathlined).

Vertical aspects of the particle location can be defined in the same manner, using the appropriate
boxes as described Bection10.1.2

Theuser can change the number in the 6éDraw Width
particles in the zone (default is 3 pixels).

The user may also click the 0Colorédé button (or
the 6Col or 6 bseguentty select a newv catowfor the particles. The default color is

pink.

10.2.3. RHP for Particles Along a Polyline

A sampleRHP for the particles along a polyline is showrFigure 10-9.

ParticleLine 1002

Harizontal S etting

MHumber of particles released along this line |20 Releaze
Particles

Wertical Settings
(o 20 matrix at & vertical location of |05 -

3D matrix

Wertical location top 1 -

ertical location bottom |0 - 1: aquiter top
Yertical denzsity multipier 4 0: aquifer battam

Dizplay Optiong

" Discrete particles Size [in pixels) |3—_|

f* Continuous pathlines Color ... ‘ *

Flg ure 10-9 RHP for Particles Along a Polyline

The user may adjust the number of particles along the line by entering a number in dipeiappr
field.

The user has the option of displaying each particle at a single location at each point in time

(6Di screte Particlesd) or di splaying the entire
Pat hi therdefalt).

The user can changh & number in the &éDraw Wi dthoé field toc
particles along the line (default is 3 pixels).

Vertical aspects of the particle location can be defined in the same manner, using the appropriate
boxes as described $ection10.1.3
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The user may also click the 6Colorédéd button (or
the 6Colord6 window and s ubs atglese iheldefaultsceldr sct a new
pink.
R

Using particles along a polyline is very useful for delineating a family of streamlines.

10.2.4. RHP for Particles Around a Well

A sample of the RHP for particles around a well is showFigare 10-10.

Particletwell 1001

Horizontal Setting

Mumber of particles released a0
Releaze
Location of the particles releazed: Particles

Around well at a radivz of  |3.28083 EI

Yertical Seftings

f* 20 matnx at a vertical location of |I]_5 - |

30 matrix

Wertical lozation top 1 -

Wertical lozation bottorn {0 - 1: aquifer top
Wertical denzity multipier |4 [0 aquifer battam

Dizplay Optionz

™ Show az dizcrete particles Size [in pikels] |2_:||

{* Show az continuous pathlings Calor ... | .

Flg ure 10-10RHP for Particle Wells

The user may adjust the number of particles trelmased around the well by entering a number in
the appropriate field.

The user may also change the radial distdrora the wellaroundwhich the particles ar
releasedby entering a number in the appro
button This will updatethe displayin the model for the next iteration

The user has the option of displaying each particle at a single location at each point in time

(6Di screte Particlesb) or di splaying the entire
Pat hi therdefahlt).

Vertical aspects of the particle lammn can be defined in the same manner, using the appropriate
boxes as described $ection10.1.4
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10.3.

The wuser can change the numhg the display siteeof tleDr aw Wi d
particles (default is 2 pixels).

Theusermagp | so <cl i ck t herthé Samie pariaedoinb hox rexd to jtp open
the 6Col ord6 window and sel ect corisspgkw c ol or for t he

Particle Tracking

IGW Version 5.0P allows the user to perform traditional particle tracking in both forward and
backward modes. The implementation of particle tracking is discussed in the following
subsections. Refer to th@W Version 5.0P Reference Manualfor information concerning the
mathematics.

R

When particles are near wells (for exampleshen backward particle tracking
implemented after particles have been added around wells) it is best to use small tin
because velocity gdéents are Igh. Sharp gradients and large time steps yield
erroneous particle tracking results. The time step can be adjusted interactively wi
model is running by using the SATDI (sBection3.5).

10.3.1. Forward Particle Tracking

Particle tracking’ is performed whenever the model isfup by cl i cki ng @|e O0For war

button, located at Button Palettaw 9, column 4 seeChapter 14), and where at least
one patrticle feature is present in the model.

Notice that with particles present, the model solution continuously updates at regular intervals.

Thesi mul ati on may be stopped at any STI]F' by clicki
y

10.3.2. Backward Particle Tracking

Backward particle trackif§i s per f or med whenever th <; ackward
button is clicked (the button is only active if particles are presegheimodel).

The model solution continuously updates at regular intervals, with the particles moving in the
opposite direction of the velocity vectors.

When backward particle tracking is occurring any plume migration calculations are suspended.
Transienfflow calculations proceed normally.

Note The particleanay not necessarily return to their original locations when backward particle
tracking is performed (this is most pronounced when the simulations have large time steps). This

19 Refer toSection8.1 of thel GW Version 5.0P Tutorialslocument for an example and additional
information.

20 Chapter 14 contains further details about running the model.

2L Refer toSection8.2 of thelIGW Version 5.0P Tutorialslocument for an example and additional
information.
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is because for both forward and backward particle tracking, the velocity useldefqatticle
movement is always taken to be the velocity at the current particle location. For example, if a
particle moves from location A to B to C to D in 3 consecutive time steps, it will be translated
using the velocities at A, B, and C, respectivebyt if that same particle is tracked backwards, its
first translation will occur using the velocity at its present location, D. If small enough time steps
are used, the particle may return to location C. But, it may also be the case that the pdstigfe en

at some different location,jCThe same goes for all subsequent time stépsrefore over many

time steps, the particle has a good chance of ending up at a different location.

to zer
articl es

U —~+

10.4. Initializing Particles
Clicking the 0 lbuttontretans allzof thegpartRlasrirt theariodelst .3 .
their original locations. peis
The particle time clock may al so be b
button to the |l eft of the &élnitializi
10.5. Deleting Particles

Alof t he particles in the model may bx el eted by
button.
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Chapter 11 SIMULATION TIME PARAMETERS

IGW Version 5.0P offers the user a number of options when adjusting time parafidimrssoftware
simulations. These parameters are discussed in this chapter.

11.1. Simulation Time Parameters Window

The main interface for adjusting the simulat:i
Par ameter s6 wiFigwedWwl. pictured in

3 Simulation Time Parameters E]

{* Steady State " Trangient State

Simulation Length IW

Simulation Time Step IT
Wigualization Step |17
Murnber of Substeps-Plumne |27
Muriber of Substeps-Particles |27

[ StapWhen Simulation Length |2 Beached

[v Controlled by flow ime
[ Contralled by plurme tirme

[ Controlled by particles time

Syncronize Clocks for Main and All Subbdodels
Reszet And Suncronize MaindSub Model Clock s |

v Alzo Including Clocks of Model Objects
[Zonez/Lines/ScattersMiellz... ]

Cancel 0k |

Flg ure 11-1 simulation Time Parameters

This window may be acuwleastsiean t hirmelighar|z

the Button Palette or through the 0 Model 6

Transient Stateéd button). Where in ted (*)

the SATDI (seesection3.5).

At the top of the window, the user selects eithe

upon the model conditions to be simulated.

The other parametersin the windowdrée scussed in the foll owing subsec«
button sets any changes into the software whil
Ti me Parameters6 window discarding changes (after

22 Refer toChapter 16 of the IGW Version 5.0P Tutorialsdocument for additional information about
adjusting settings in this window.
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11.2.

SIMULATION LENGTH

Here, the user specifies the desired length of the simulation in the field. The default value/entry is

360 days with default unit as day (hour, second [sec], month, and year also available). This value

is only functional moehani ohel é8gbh wkemeachedd bo
window) is checked (see ti&op when simulation length is reachedection).

SIMULATION TIME STEP*

This value indicates the current model time step. The default value/entry is 10 with the default
unit as day (hour, second [sec], month, and year also available). The user may adjust the time step
by entering a desired value in the appropriate field.

VISUALIZATION STEP*

The oOVisualization Stepd6 deter mi nAeadndaotherof t en t h
windows. A value of 1 (default) indicates that the software will redraw the Working Area after

every time step. A value of 2 indicates every other time step, and so on.

NUMBER OF SUBSTEPS-PLUME

This parameter specifies how often the saftsvshould perform calculations for concentration
plumes. A value of 2 (default) indicates that the software will perform a concentration plume
calculation at every other time step. A value of 1 indicates the calculation will be performed every
time step and so on.

R

This setting is not applicable when using the MMOC solver method in IGW Ves<én

NUMBER OF SUBSTEPS-PARTICLES

This parameter specifies how often the software should perform calculations for particle tracking
(seeSection 10.3. A value of 2 (default) indicates that the software will perform a particle
tracking calculation at every other time step. A value of 1 indicates the at&@oulwill be
performed every time step, and so on.

STOP WHEN SIMULATION LENGTH IS REACHED

Checking this box instructs the software to automatically stop the simulation wh&mthlation
Length value has been reached. In this case, a window willappdicating that the simulation
length has been reached. In the window the user is given the option of continuing the simulation.

If this button is uncheckedhe software will run the simulation indefinitely (or until stopped by
the user).

o —

his can now also be controlled by selecting if
Pl ume timeb6, or OParticles timed.

Further, sincdGW Version5.0P has the ability to incorporate suodels (Error! Reference

ource not found, there is a feature to synchronize all clocks for every model, including the main

model and all of its sulmodels. This allowthe user to run every modéfrailtaneously from the

starting time.

Setting Time-steps for Plume, Particles and Display

SATDI area shown ihGW Version 5.0Pnain window Figure 3-1) provides interface to the user
where he/she can adjust the time steps for various parameters. SADTI area is shayunein
11-2.

The SATDI provides quick access to computational and display adjustments. The time step (DT,
10 by default) can be adjusted using the up/down buttons next to the unit selection field (in days,
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by default). The 6Pl ume Stegpd,( i ®MPatrhtel ch et tSotne padi
SATDI) can be set in a similar fashion, as a ratio of the DT.

Also within the SATDI area three time display fields. These display fields show the time elapsed
since the model flow began, since the plume started andtbmgarticles started.

The user can stop the fl ow si Stap/Pause
Modeld6 butt on, reset the time step, é
visualization step.

After making these adjustments, the user isume simulation by clicking on th
@Run Model Forwardd butt on

(<]

Similarly, after stopping/pausing the simulations, the user can rese
plume(s) and/or particles by clickiray initialize particle(s) and/or initializ
plume buttons.

)

or all of the time clocks by clicking on the appropriate buttons
flow clock, concentration clock (plume) and/or particle clock..

Finally, after stopping/pausing the simulations, the user can rese @ ®|
F T

The O6Fl ow Ti med, 6Pl ume Ti meo, and oOoParticle Tim
the flow, plume, and patrticles, respectively. Having three separate clocks allows the user to track

these model components separately and becomes very useful when model features are added

during a simulation or when the clocks associated with certain featuressatea zero (the other

clocks remain unaffected).

Time Step [DT]:

100 |daw =l
e
Flow Tirme:

|n.nen

Plurne Tirne:

|n.nen

Particle Time:

|n.nen

Plurme Step: 142 0T
Particle Step: 1/2 DT
Wisual Step: 10T

[ DLl

Figure 11-2 The saTDI

The ability to change the time step during the model simulations and adjusting the frequency of
the plume and particle calculations is very useful, as the characteristic time scales between these
transport processes and flow may often be different.

Typically, performing multiple transport calculations per time step yields a more accurate solution
although it will increase computational time. However, siii@¢/ Version 5.0Bprovides the user

with reattime dynamic visualization of model simulations, theemucan decrease the time step
when the plume/particles are in a critical location, usually with very high head gradients (e.g., very
close to a pumping well) and keep the time step larger when the gradients are flatter.

| | Itis recommended to use smaltene steps for transport modeling, since concentratid
groundwater usually changes at a faster rate than hydraulic head changes.
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IGW Version 5.0Rulso provides the user a choice for visualization time stege3nuch of the

software computational time may be spent refreshing the Working AreaSgse®n 3.13

di spl ay, adjusting the O6Visual Stepd to a higher
display less often) may speed up the solution process.
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Chapter 12 GRID OPTIONS AND DISCRETIZING

The following sections describe the IGVérsion5.0Pfunctionality related to adjustintipe nodal grid, and
discretizinﬁ?’ the model features onto it.

12.1. Defining Model Grid and Discretization

The 6éDefine Model Gri do6 (Fhywel2l) dihs mainej——jati on) wi
interface for definingnodel gids within the model. This window may be accessed | [[dB[F
cl i c ki Degp Distredizatich b u n tthe Buttom Palette or by clicking the
dDefineMod el Gr i déd MairuMotdoenl 6o ne ntthrey 6 n t he AE.

% Define Model Grid X

kain Model Setting

Advanced
# Length EI Discretization Options
Y Length EI

* Change NxMY © Change DFADY

M |4|37 D EI Cancel
MYy |30 oy EI ............................................

Define number of computational layers ‘

Figure 12-1 Defining Model Grid

The parameters displayed in the window are discussed foltb@ing subsections. Clicking the
6Di scretizel/ OKd button <cl oses ©6Eedution I2Pwitdthev and di s

new grid settings. Clicking the 6éCancel 6 butt ol
performed.
To define the gd , user can choose between O6Change NX/ NYO

the desired radio button.

X LENGTH
This field displays the conceptual (reabrld) x-direction length of the Working Area (see
Section3.3.5for available units).

Y LENGTH
This field displays the conceptual (reebrld) y-direction length of the Working Area (see
Section3.3.5for available units).

Change NX/NY
When O6Change NX/NY&é is selected, userXandn direct |

Y directions of the model.

% Refer toSection4.1 of thelIGW Version 5.0P Tutorialslocument for an interactive exploration of these
concepts.
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NX field displays the number of catbnter nodes in the-direction. The first column of nodes

are placed on the left most edge of the Working Area and are evenly spaced across the Working
Area in the xdirection. The user may enter the desired number im field. The default
value/entry is40. Entering a value for NX automatically causes thevalue to updat¢the NY

value will update in proportion to the dimensions of the Working Abgyamaking an
approximately square grid cgll

NY field displays he number of celtenter nodes in the-direction. The first row of nodes are
placed on the bottom most edge of the Working Area and are evenly spaced across the Working
Area in the ydirection. AlthoughNY field is updated withNX field, but user may chage it
independentf theNX value. A number largely different from the automatically adjusted one will
make rectangular grid cells.

When Change NX/NY is selected, thaluesin fields DX and DY are automatically updated
based on the following formulae:

DX field displays the »direction extent of each noaentered cell in the Working AreaThis
number is calculated as:

_ XLENGTH
NX-1
Where XLENGTH=total length of X axis of the modeling domain.

DX

DY field displays the ydirection extent of each noaentered cell in the Working AreaThis
number is calculated as:

_ YLENGTH

NY-1
Where YLENGTH=total length of Y axis of the modeling domain.

DY

Change DX/DY
When O6Change DX/ DY® opt i olpinputshe desreddeagtheofthrid t he wuser

cellsDX andDY in X and Y directionsespectively. The software automatically calculates the
NX andNY using the above mentioned formulae.

Entering a value fobX automatically causes thgY value to update (thBY value will update in
proportion to the dimensions of the Working Area by makingapproximately square grid cell).
Although DY field is updated wittDX field, but user may change it independent ofixevalue.

A number largely different from the autonwatly adjusted one will make rectangular grid cells.

Discretizing the model turns the conceptual model into a numerical model th
computer can solve.

A higher grid resolution yields a more accurate solution but increases computtieng
It is generally good practice to perform sensitivity analyses with respect to grid resq
and time step size.

12.2. Defining Geological and Computational Layers

The user can add multiple geological (or conceptual) layers in the model. IGW Version 5.0P also
allows the user for vertical discretization of geological layers into desired number of
computational layers. The following subsections explain how geologidat@mputational layers

can be added to in a model.
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12.2.1. Adding Geological Layers in the Model

The user can create multiple geological layarthe modelby selectingFile menu in theMenu
Bar and then selectinGreate New Model Layer User can add one layet a time using this
option.

When a model domain is defined by a zone in a layer, new layers can be created using the same
domai n. User can select the zone defining the m
keyboard. O0Add nappearfFigueelp-2). 3he dserwanmetidenon the number

of layers to be added. This option allows the user to add multiple layers at once in the mode

*3 Add new layer(s) f'>_<|

Haow many new layers will be added

1 | :, ........ EIK ........ : Eancel

........................

Figure 12-2 Add new layer(s) window
The desired number aofew layers in the modehre added below the existing layers by default.
However, before adding the | ayndowpops upastsinoen model ,

in Figure 12-3. Using the up and down arrows, user can adjust the location of the new layer(s)
between the existing layers.

%3 Set Layers Position E'

b ove Mew Layer(z] to desired position

Layer 1
Laier 2 ﬂ

Layer 3
&

Cancel |

Flg ure 12-3 set Layers Position window

By clicking OK in 6Set Layers PoFgudl24.nd wi ndow, F

M Interactive Groundwater 5.0P

1 ) Insert the new layver(s) here will cause any submodels derived From this model ko be changed, are wou sure to do this 7

Figure 12-4 Mmessage window
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By clicking 6Yes6 in the message window, the

model at the selected positions.

12.2.2. Adding Computational Layers in Geological Layers

The user can also create multiple computational layers by clickinfpesime Number of
Computational Layersbuttoni n 6 De f i n ewinibov(Figure 11).i d 6

Clicking the Define number of computational layers button brings upthe Vertical
Discretization window. Here the user can click on the desired geological layer and create
multiple vertich computational layers in it. Also, same number of computational layers can be
created in all of the geological layers by simply checkingApply to All Layers box (Figure

12-5).

%y Vertical Discretization

eological Layer Mumber of Computational Lapers

L 1 2
L:-E:: 2 [3] I5 [T Apphy to All Layers
1] 4 |

Cancel

Figure 12-5 vertical Discretization Window

The user can create multiple modeling zones of different sizes within different geological layers.
Figure 12-6 demonstrates a cressction (seeChapter 16 for detailed information on cross
sections) along the/orking Area, after discretizing and running a simple model (Skapter 12
andChapter 14) with three geological layers and different number of computational layérs.

and CL # indicates the number of geological layers amnputational layers, respectively.
Computational layers are separated by a dashed line within a geological layer. As one can see,
dimensions of geological layers are different from each other. Contours demonstrate the
groundwater head.

“y Cross-section 1

= GL3

196.00(m) 39 Lgll 764.00 980.00

I -99,35(m)

Flg ure 12-6 Geological layers with different dimensions and different number of computational layers
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12.2.3. Navigating between Model Layers

The user can switch between different geological layers usind.aler Selector (shown in

Figure 12-7; also refer tdSection3.10 area in IGW Version 5.0P main window. Thsercan
movethesliding buttonto select the desired layer. The tick marks along the slidingdoegspond

to the computational layers. The usan also directly type in the number corresponding to the
desired geological and/or computation layer in the fields provided at the top. The selected layer
will show upin the working area

Geo. |3 Comp. |2

|

1

Flg ure 12-7 Layer Navigation Window

Another way to switch between different layers is using the layer selection tool
bottom left of theorking Area. e 1| o [ o 1| [y

12.3. Advanced Discretization Options
Clicking the 6AdOmtniceerds @i swtrtedan zan i ®Mef i ne Model
6Advanced OptionsKBguel28dow as shown in
*y Advanced Options E|
Selected Model
1 : Copy ko Multiple
" Main and all itz submodels Machines

Dizcretization Optian

f+ Adaptive dizcretization
Cancel
~

Define Min, Thickness... | oK |

Flg ure 12-8 Advanced Discretization Options

This window affords the user several options, including the choice to discretize the main model
only, or instead discretize the main model and all of itsrsabiels(seeChapter 15 for more on
sulmodels)

The option ofAdaptive Discretization or Deep Discretizationis shownin Figure 12-8, though
at this time the deep discretization feature is not offered.
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The minimum thickness of a geological layer can also be definedlby c ki ng on the &éDefi
T hi c k n etorsirétlie bditom of the window. This opens a separate s¢Feégare 12-9) that

gives the user options to change these values, based on pereahiagef either the conceptual

or computational model being used.

Some of the active model cells mégcomedry, if groundwater head goes below t
bottom elevation of the aquifer. This is typical especially with unconfined aqusfece
the groundwater flow equation is nonlineand soconvergence problemsay occur
IGW lets the user to define the minimum thickness of the aquifer o6 De f

Thi ckness 6 Figurenl®-8) wso tlley are prevent those particular cells frg

going dry.

%3 Define Min. Thickness

Firimum Layer Thickness Allowed
Conceptual layer : 5 % of it's max thickness

Computational layer ; 7 Eofit's max thicknesz

k. | Caricel

Fi gure 12-9 Assigning Minimum Aquifer Thickness

Cl i ¢ ki Qopy totMultple Machinesd button opens the O6Parall el Ho
shown inFigure 12-10. Detail functionality of this window is explained in parallel computing
features oflGW Version 5.0PPlease refer tBection18.7for more details on parallel computing.

=, Parallel Hosts and Tasks gl

Child Machine Option

Haosthame Mumber of Frocess  Total Number of Realization

muliscalel f [0

multiscals? o [0

mulisealed [o [0

multiscalsd o [0

muliscaleh [o [0

multiscalsf o [0

muliscale? [o [0

multizcaled |D ‘ 10

muliscaled [o [0

stochastic |D ‘ 10

jupiter [o [10
Hawsard [a |10

[~ Auto-Data Collecting and Save

500 Num of realizations on Master for each collecting

el File name of monitoring wel probabiity and Statis [~ Dvenuite

[FFiwe  File name of Plinefiux probability and Statis [~ Dvenwite
Fiold File name of field mean and variance I~ Overwite
Cont | E=N
Figure 12-10 Parallel Hosts and Tasks window
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12.4.

Shallow Discretization of Model

Once a model has been discretized, IGW allows the user to add or delete features/parameters in
the model or make changes in any of those. Also, when modelsidirincrementally, all model
features and complexity is not introduced in the model right from start. Every time a new model
feature is added, an existing feature deleted or any change madexistargfeature, the model

needs to be rdiscretized® map thdatest change(s) in threodel to the numerical grid.

executed in the model without discretization).

The model should béiscretized everyime an addition, deletion, or change is made in
features or settings of the model (however, some features, such as particles,

Rediscretizingthe whole model every time a change is made may not beffarigntin terms of

computing time, especially in case of more complex models.

IGW Version 5.0Ruallows the user to implement any additions/changes in concep
model features to the numerica gr i d by shall ow dShalawr
Discretized button discretizes the model
change(s) in the model parameteiSection12.1

rati on.

rement al

By right clicking any where in the Working Area, the RigHick Menu pops upSection3.17).

Sel ecting O6Discretizat i discrelizatoh Taldewindow as sholini s men u

in Figure 12-11. The window shows, separbtdor every layer in the model, any attribute which
has been modified sindbe model was last discretized. The checked boxes before the modified
parameters aralreadyselected when the window is opened. The user can deselect any of the
modified paramets in this window. Shallow discretization will apply only to the parameters

selected in this window.

7 Discretization Table

Select a conceptual layer:

|La_l.Jer 1 j [v Perform polygon size reordering

Farameters to be discretized:

- - [v Feplace starting head by top elevation
Aquiter Top Elewation ~

v Aquifer Bottom Elewvation
Anuifer Thickness

| Conductivity v Detect cell dyving and rewetting
Constant Head
Starting Head ) .
Palylire Head [v Discretize dependent parameters

Inztantaneous Concentration

v| Constant Concentration
Specific Storage
Specific 'ield Select &l
Longitudinal Dizpersivity
Transverse Dispersivity Unselect Al
Wertical Dispersivity

Effective Porosity Cancel

v| Recharge w
0K

Iv Apply zelection to all conceptual layers

v Edge of polygon treated as part of polygon . .
g% B P F peva v Dizcretize

Figure 12-11 Discretization Table window
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Having a look at the Discretization Table before shallitsseretization is a good idea. T
user can see before hand what all parameters have been modified since last discH
and make up for any omissions at this stage.

PPN NN

If any changes are made in the grid size or shape and/or any change is m
AP |

the number oftonceptual or computational layers, shallow discretization v
not implement those changedny change in model grid and/or layensll
requiredeep discretizatim

For the first discretization of a model, functions of both deep and shallow discreti
buttons are the same. After some changes are made in the model using Working
Attributes Explorer (e.g. modifying locations and values of modeling features), it is e
to use shallow discretization in order to introduce those changes. ThiOWIY
implement the incremental changes to the model instead of discretizing the whole
reducing the computational time.

R If user feels that some changes do not seem to take effect in the model he/she ma
deep discretizatioto fully implement all changes made.
12.5. Displaying the Grid
By default, the grid is not displayed in

Model-Dr aw Opti on &ectionld.Jowy( sdecki ng the box

The grid line is nodeentered. This means that a node exsthe intersection of the horizontal
and vertical lines. Therefore the corners of each 1tedéered cell exist at the centers of the grid

squares.
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Chapter 13 SOLVER ENGINE SETTINGS

The Solver Engine (Figure 13-1) is the main interface for defining solver options for tt
software. This window may be accessed by clickingSbker Engine button on theButton
Paletteor by clicking theModel Solver button o theModel entry in theAE.

3 Model 1 : Solver, Settings @

Dw T Particle Tracking T Transport T MT 30 T Stochastic

b atrix Solver

i+ algebraic Multigrid (" Transpose Free Quasi-Minimurm Fesidual

" Successzive Over Relasation & Eareelzsd i Bests]

Conjugate Gradient {~ Flexible Generalized Minimum B esidual

Corijugate Gradient (Nomal Residual Eq) o~ Direct Quasi-Generalized Minmurn Fesidual

Biconjugate Gradient Solver Parameters

Full Orthogonalization )
£ Dramping Parameteq 1

Biconjugate Gradient ‘with Partial Fivoting Precandiion Index I—_|

~
~
~
~
~
(" Biconjugate Gradient Stabilized

|teration Parameters

Inner Iteration [Matrix Solution) Outer lteration M ater T able [teration ]
Max Iteration$|—4UUD M aw. Iterations 3

Relative Tolerance |01 %

Tolerance (0,0001
EI Sean DipAwet Lel 1 Outer lterations

Conversion Every

Advanced Optiong ... ‘

Apply Thiz Solver Setting To Entire Flow kodel Hierarchy ‘

ok Cancel

Flg ure 13-1 The Solver Engine with Flow layer visible

The solver window has five main layefslow, Particle Tracking, Transport, MT3D, and Stochastic
Model. The first three setting®rm the general mathematical solutidv;T3D allows a transfer into an
entirely different groundwater model, agiochastic Modeldeals with setting the software to perform
stochastic modeling. These layers and associated paramaee discussed in the following sections.

13.1. Flow Layer

The Flow layer is visible inFigure 13-1. It has three main areas that are discussed in the
following subsections. The solvers are all iterative in natasdGW usesthe finite difference
solution scheme, these methods compuie hiead for a cell based upon the heads of the
surrounding cells. See théW Version 4.7 Reference Manuafor more information concerning
the general finite difference solution schemes.
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13.1.1. Numerical Solving Methods

MATRIX SOLVER
This region has 12 possildelving methods for the model:

Algebraic Multigrid

Transpose Free QuasMinimum Residual
Successive Over RelaxatiofSOR)
Generalized Minimum Residual
Conjugate Gradient

Flexible Generalized Minimum Residual
Conjugate Gradient (Normal eq.)

Direct QuasiGeneralized Min. Residual
Biconjugate Gradient

Full Orthogonalization

Biconjugate Gradient with Partial Pivoting
Biconjugate Gradient Stabilized

= =4 =4 A _a_a_a_a_°2_°2_°-2°

SOLVER PARAMETERS
The user has the option to adjust Bemping Parameter (default set to 1), or threcondition
Index, which currently is not being utilized.

13.1.2. lteration Parameters

INNER ITERATION (MATRIX SOLUTION) AREA

In the Inner Iteration (Matrix Solution) area, the user specifies the maximum number of

iterations to be performed (in thdax. Iterations field i 4000 by default) and the minimum

absolute error allowed between iterations (in Traderance field - 0.0001 meters by default)

before the solution iSectioel8d.si dered bdconvergedbd ( sce

OUTER ITERATION (WATER TABLE ITERATION) AREA

In situations where there is a variable water table the software must also perform a water table
(outer) iteration for every inner matrix solutionhis isdueto the fact that flow is dependent on

the transmissivity, which in turn is dependent on the unknown head values Heirigted in the

inner iteration

The settings for this scenario are in Meter Iteration (Water Table Iteration) area. The user
speifies the maximum number of iterations (in tax. Iterations field i 3 by default) and the
relative tolerance allowed between iterations (inRie¢ative Tolerancefield i 0.1 % by default)
before the solution Sectioeldd.si dered béconvergedb ( scEe

The user also specifies how often the software checks to determine the dryness / wetness criteria
of each cell. The default value/entry, 1, indicates that the software will perform thedthigk
every outer iteration. Higher numbers instructgbftware to perform the check less often.

|l terative solver techniques require a
has converged. When the difference between an iteration and the next one is sma
this number, the solutiorsi consi dered 6éconverged?®6.
default value for these errors, these may not be appropriate for a given situatio
example, when modeling a situation that involves very flat gradients the error thr
number may need tioe decreased to prevent the software from prematurely terminati
solver.
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13.1.3. Advanced Options

Clicking theAdvanced Optionsbutton opens thA&dvanced Options for Flow Solverwindow

(Figure 13-2). The user chooses between usingTtraglitional Finite D ifference schemeor the
Improved Finite Difference scheme when anisotropy is not aligned with grid orientation. The
software uses the improved scheme by default. There are also four options for running and
checking the model. Refer to theW Version4.7 Reference Manuafor more information.

Finally, the user has the option £pply This Setting to Entire Flow Model Hierarchy, gving
the model and all of its suinodelsthe properties defined above.

3 Advanced Options §|

[v Fun How model after each "Pauze/Stop' action even under steady state FHow

| Run flow model each time befare solving plume transport even under steady state flow
| Check wells for pumping and injection for even steady state low
[ Simulate diing and revetting
Dizcretization zcheme when anizotropy iz not aligned with gid orientation
+ Traditional finite difference

" Improved finite difference

Cancel 0k

.................................

Flg ure 13-2 Advanced Solver Options

13.2. Particle Tracking Layer

This layer allows the user to manipulate the tracking and grid schemes of the particle display, how
to present the patrticles, and the type of velocity interpolation scheme to use. The layer is shown in
Figure 13-3.
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3 Model 1 : Solver Settings g|

Flaw P

'.!!ET Transport T MT30 T Stochastic

Tracking Scheme Gnd Scheme
{* First-order Euler " Deformed Grid - Rectangular
" Fourth-order Runge-Kutta {* Deformed Grid - Polygon
Shaow Particles in Welocity Interpolation Scheme

" Computational Layer -
& Triinear

¥ Conceptual Laper
™ Inverse Distance :  Expanent [2

" whaole Model

Apply This Setting To Entire Flow Model Hierarchy

)4 Cancel

Flg ure 13-3 solver Settings for Particle Tracking

13.2.1. Tracking Scheme

The user has twoptions for the tracking scheme:

1) First-order Euler (the default), and
2) Fourth-Order Runge-Kutta .

Explanations for these methods can be found inGve 4.7 Reference Manual

13.2.2. Grid Scheme

Two options are available to change the grid scheme:

1) Deformed Grid i Rectangular, and
2) Deformed Grid i Polygon(default).

13.2.3. Particle Display Options

Three options are available to the user in termgaoficle presentation: iBplaying these in the
conceptual model only, in the computational model only, or in the whole model (both
conceptual and computatiohalheconceptual modelis the default choice.
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One benefit of allowing the particles to be seen in the conceptual model and not the computational
model is the user can iteratively manipulate the partiaidis they have the desired configuration,

and then incorporate it into the numerical model. This would be beneficial to those seeking
exploratory analysis of uncertain plumes, and also for sensitivity analysis.

13.2.4. Velocity Interpolation Scheme

There arédwo ways to manipulate the velocity interpolation scheme:

1) Tri -Linear (default), and
2) Inverse Distanc, in which the user can also change the exponent value.

Explanations for these methods can be found in@ve Version4.7 Reference Manual

13.3. Transport Layer
This layer allows the user to change features relating to the particle transport attFigues (
13-4).
3 Model 1 : Solver Settings g‘
Flows T Particle Tracking T T30 T Stochastic
& MMOC - Linear .
Backward Interpolation Scherme
(s Trilinear " Inverse Distance ©  Exponent |2_
~
Mumnber of Particles for b ax, Concentration
Rel
b awimum Mumber of Particles dllowed | 10000 F':r?i-?lii
Mumber of Particles Actually Releazed
Dizplay Made Dizplay Optiot
- . . L =]
(* Concentration  ( Particles Size [in pirels] |2_;| Color -
b atrix Solver
" Algebraic Multigrid " Biconjugate Gradient With Partial Fivoting
+ Succeszive Dver Belaxiation (" Biconjugate Gradient Stabilized
" Conjugate Gradient " Transpose Free Quasi-Minimurm Residual
" Conjugate Gradient (Nomnal Residual Eq)  Generalized Minimum Residual
i Biconjugate Gradient " Flexible Generalized Minimum Residual
" Full Orthogonalization " Direct Quasi-Generalized Minmurm Residual
Saolver Parameters Convergence Criteria
Fielaxation Factar 1 Pl awirnurn [berations {4000
Frecondition [ndex Relative Talerance |01 4
Advanced Options ... Apply This Setting Ta Entire Tranzpart Model Hierarchy ‘
Ok | Cancel |
Flg ure 13-4 solver Settings for Transport
13.3.1. Modified Method of Characteristics

The Modified Method of Characteristi¢gdIMOC) calculates the concentration at a given node, m
(for a given time step, n+1hy employing the following algorithm:
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1) A particle at m is traced backwards to time stefprdetermine its previous location
(p)-

2) The concentration at p is determined by interpolation from the surrounding nodes
(based on time step n data).

3) Thisconcentration is adjusted for any dispersion and reaction that would occur over
the time stepand the resulting value is the concentration at m.

Refer to thelGW Version 4.7 Reference Manualfor further information and mathematical
details.

The MMOC is beneficial because it requires only one particle for each cell and resets these
particles for each time step (so there is no need to store particle location data). These result in
decreased computer memory usage.

However, theMMOC has an inherent prablm known as Onumeri cal di sper si

interpolation portion of the schemée'{&tep in the algorithm, above), ardst tends to cause the
modeled plume to disperse faster than it would in the real world.

13.3.2. MT3D Advection Solver

The MT3D Advection Solver(Figure 13-5) gives the user several options for particle tracking,
based on the groundwater modeling progrdfii3D, a threedimensional mass transport
simulation interfaceFor further information on thiprogram and features associated with this
layer, please refer to thH&W Version4.7 Reference Manual

3 MT3D Solver §|
MT30 Salver
- 1 o
€ ~
Particle tracking method Particle tracking method
f* 1th order Euler {* 1th order Euler
" 4th order Rounge-Kutta " dth order Rounge-Kutta
™ Mixed " Mined

Maw. # particles 20000 Sink cell particles |10
Murnber of planes 0 Mumber of planes |
Particle # per cell if <=

cohc gradient 0
Farticle # per cell if » A

o gradﬁant 32 Conc gradient threshold |0.00001

Min # particles Acell 4

b ax # particles fcel B4
Conc gradient threghold — |0.00007

k. Cancel

Figure 13-5 wmT3D Solver
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13.3.3. Random Walk

The Random Walk transport solver method calculates the concentration for a given cell as a
proportion to the number of particles present within it. The following algorithm approximates the
entire process:

1) A number of particles are placed in the model and each ignassthe same mass
(this is done implicitly by the software based on the number of particles released and
the user specified concentration).

2) Each particle is trded using conventional techniquésy dispersivity, retardation,
and reaction effectare incorporated.

3) The concentration in each cell is determined based on the number particles present
within it.

TheRandom Walk method is beneficial because it eliminates all numerical dispersion, conserves
mass ad is computationally efficient. Hower, it isproblematic in that:

1) A continuous concentration plume is represented by a finite number of discrete particles
(thereforethe number of particles used influences the results),

2) It becomes less effective as dispersion effects increase, and

3) Numeical difficulties arisein the presence of irregularliiscretized spageor stagnation
zones created by sources / sinks.

Refer to thdGW Version4.7 Reference Manuafor further information and mathematical detail.
RANDOM WALK AREA

In this area, theiser may view and specify a number of parameters associated with the
random walk solver method. These are listed below:

A Number of Particles for Max. Concentration This field indicates the number
of particles that correspond to the maximum concentratidhe model. 500 is
the default value.

A Maximum Number of Particles Allowed: In this field, the user defines the
maximum number of particles allowed in the model. The default value is
10,000.

A Number of Particles Actually Released This field displays thexumber of
particles that currently exist in the model (0 by default).

A Release ParticlesThis button allows the user to release the particles into the
model at their discretion.

13.3.4. Display Mode

The display mode simply allows the user to determine if they want the contaminant to appear as
either particles (i.e. a discreet simulation) or as a concentration plume within the model (i.e. a
continuous simulation).

Concentration plumes will show mooé history of overall movement of contaminants over time,

whereas particles will show an active location for the head of the contamination plume, not
recording where the plume has been in previous time steps.

13.3.5. Display Options

This field allows the useotdetermine the sizef their particles on the screemd the colothey
would like these to appear, using the color button and associated palette.
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13.3.6. Matrix Solver

This region is identical to the section discusseSention13.1.1

MATRIX SOLUTION CONVERGENCE CRITERIA

In this area, the user may specify the maximum number of iterations to be usedVikl@@

Solver (in theMax. Iterations field). The default value is 4000. The user may also specify the
convergence error value (as the change in concentration divided by the original concentration) in

adC
theRelative Tolerancegeg field. The default value is 0.1 percent.

¢

13.3.7. Advanced Options

Clicking the Advanced Options button opens thédvanced Options for Transport Solver
window (Figure 13-6). In this window, the user may choose to employ ithproved finite
difference scheme(default) or theTraditional finite difference scheme for cases when the
anisotropy (flow direction) is not aligned with the grid orientation. The user can also choose to
Skip Transport Model (run flow model only) and therebynly executethe flow model. These
schemes are discussed further inlth®/ Version4.7 Reference Manual

+y Advanced Options for Transport Solver g]

Diiscretization scherme far dizperzion terms whien anizatropy [low direction] iz nat aligned with arid orientation

" Traditional finite difference scheme

f# dmproved finite difference scheme

[ Skip tranzport model (Run flow model only) 0K, Cancel

Fi gure 13-6 Advanced Solver Options for Transport

13.4. MT3D Layer
This layer is currently not active ilGW Version5.0P. For details about th®1T3D modeling
program and its applications iIBW , please see tH&W Version4.7 Reference Manual

13.5. Stochastic Model Layer

The Stochastic Modellayerin the Solver Settingsanbe seen irFigure 13-7.

The Select Simulation Methodsarea is used to set the stochastic behavior of the model. By
default the model is set Bingle Realization meaninghat the model will operate in:

1) Deterministic (mean) mod& no data point simulations are specified (through scatter points
or random settings, s&ection7.7), or

2) Single realization modef at least one data point simulation is specified (in this case only one
of all possible statistically equivalent models is analyzed). Seleddiogte Carlo
Simulations sets the softwart solvemultiple statisticallyequivalent ralizations of model
parameters. flno data simulations are specified, then the mewdel will be solved
repeatedly
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Please refer t&€hapter 18 for moreinformation concerning stochastic modeliddonte Carlo

Simulation optionsin this tab are discussed $ection18.3

*3 Model 1 : Solver Settings

Flawm T Farticle Tracking T Transpork T MT 3D T Stochastic
Select Simulation Methods
7 Single Realization
Optionz ..
c _ Opters._|
ok Cancel

Figure 13-7 stochastic Model Settings
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Chapter 14 RUNNING THE MODEL

This brief chapter describes the basic procedures for running the arudiehitializing features of the
model.

14.1. Running the Model

Running the model requires simply cIi@ ng

The model should be discretizbdfore attempting to run it. If not, the software will

he

O F

remind the wuser to do so with an error wi ndow wi

mod e | first! 6.

While running, the software will indicate its current progress/function in the LMA $setion
3.13. The RMA (se&ection3.13 will display the number aterations needed for the solution.

changed byright-clicki ng on the either the
Particle Trackingd butt on, button and ¢ ut
selecting 6Step by Stepd from t hy t hat
display the solution after every outer iteration (Ssetion 13.1.7. This @ @|
setting lasts only once and therefore must be repeated every time this di

option is desired.

By default, the software only displays the final flow solution. This can ﬁ ]

After the flow solution is finished the software will continue simulation of any particles or plumes
without recalculating the flow (unless the moideih transient state).

If the model is in transient state, the flow will be recalculated and displayed with every time step.
Any particle or plume calculations will be performed with respect to the transient flow field.

A window will appear when the simulation length has been reached, $ttpewhen simulation

6 button,
b t on,

0

appe:

lengthisreachedo pt i on was checked in the O6SiChapterat i on

12).

While a simulation is in progress, t h
software will finish its current time step calculations before stopping the simulation.

The simulation time is tracked by the clock in the WAAD (Ssxtion 3.13 and the
Ti me: 06, 6Pl ume Ti me: 6, eaIATDI (6eBSaatidnd.5. |Tee WAADNE : 6
clock displays the greatest time from the three SATDI clocks.

Every time the model is run, the solution is based on therusettings. In other word
the present state of the model (velocity vectors, heads, etc) is the initial condition
next solution.
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14.2.

Zone Budget

In order to activatéhe Zone Budgetoption for a zone (defined by a polygon) in the model, the

user should select that zone in AE and check the
(Figure 14-1). Any existing polygon can be used for zone budget or user can create polygons in

models exclusively for zone budget. Any number of zones can be selected for zone budget. The

software would separately show zone budget for each of these.

Wertexes: 2104

v Zone Budget[™ ZE Only
Show Attributes

Figure 14-1 zone Budget Activation

IGW Version 5.0Ralculates zone budget for the entire Geological Layer in which the polygon for
zone budget is selected.

As soon as the zone budget box is checked for a zone in the model, a hierarchical structure of

model zones appears in TPS (refefaxtion4.1.3for TPS) for all zones selected for zone budget.

Under every zone there are two items, vi z., 0 Wa't
to display the 6Water Balanced or OPl ume Mass Be
check the box(es)dfore the desired item(s) in the TPS as showRigure 14-2. The software

will display each selected item in a separate window.

= 1% Main Madel
- % Laper1
= Rl WMassAwater Balance
- O Zone 1001
™ water Balance
&2 Plume Mass Balance
=% Layer2
= CJalll Masswiater Balance
- O Zone 2001
0% “water Balance
&2 Plume Mass Balance

Flg ure 14-2 item Selection for Demonstrating Water/Plume Mass Balance in TPS

The one budget gives the water balanca aielectednodelzonein terms of inflow and atfiow
RELATIVE to groundwater. tl is demonstrated with a graph where thehorizontal axis
representshe features contributing to the modehd the vertical axis represeti® water flux

with a unit of n¥/day. The zone budget is layer based. The last component of the zone budget (in
a multilayered model) indicates how much flux is being exchanged from the selected zone within
a layer to the other model layers which are immediately on top and bottom of this layer.

( +) values on the flux axis define the inflow from existing modgheatures to groundwateand
(-) values on the flux axis define the outflow from groundwateexisting modeling features.
IGW Version 5.0Ran generate graphs for cumulative (end of simulaieigure 14-3) as well as
transient water balance for different components in the médgire 14-4).

To see the exact values of water balance componerfgime 14-3, the user can ight click

anywhere inside the chart and a 62D Chart Contro
clicking on the O6ChartGroupsdé tab, then selectin
display the exact values for water balance comptsndihis is explained in more detail $ection

14.3
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»' Model 1: Water Balance in Zone 1006
File Display

 Time Vanationswy Plot & Instantaneous ¢ Cumulative

Figure 14-3 water Balance

» Model 1: Water Balance in Zone 1001 |;H§HX|
Fie Display

1 Time Variation/s Plot " Instantaneous " Cumulative

Figure 14-4 Time variant water balance

I Here, onlyinstantaneoudisplay is shown. For other display options, please refer to
Appendix D-1-I.
I While some of the water balance components caecdpeeptually and mathematical

evaluated in the same way (e.g. river and stream), IGW can handle them separs
zone budget , e pasdynedtothe feature.t he 06

Water balance components included@w Version 5.0Rresummarizedn Table 14-1.
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Table 14-1 Water Balance Components

WATER BALANCE COMPONENTS
Category Sub Category Boundary Condition
Boundary Inflow/outflow through the boundary of a neighbor zong
Top/Bottom Vertical inflow/outflow between two connected layers
Boundary Chead Inflow/outflow through a prescribed head boundary
GHead Inflow/outflow through headliependent flux boundary
Point Well Inflow/outflow through head dependent flux boundary
River Inflow/outflow through head dependent flux boundary
PolVii Creek Inflow/outflow through head dependent flux boundary
olyline Stream Inflow/outflow through headiependent flux boundary
Drain Inflow/outflow through head dependent flux boundary
Wetland Inflow/outflow through head dependent flux boundary
Swamp Inflow/outflow through head dependent flux boundary
Pond Inflow/outflow through headiependent flux boundary
Polygon Slough Inflow/outflow through head dependent flux boundary
Ditch Inflow/outflow through head dependent flux boundary
Drain Inflow/outflow through head dependent flux boundary
Recharge Inflow/outflow through head dependefix boundary
Evapotranspiration| Inflow/outflow through head dependent flux boundary
Storage Storage at the corresponding zone
14.3. 2D Chart Control Options

Right-clicking on the water balance window brings up 2BeChart Control Properties window.

Zone budget 2D Chart Control Optiorisdure 14-5) are briefly given irTable 14-2.

20 Chart Control Properties

Chartirea ] Plotirea ] ChartLabelz ] Yiew 3D ] M arkers ]
Control l By ] ChartGroups ] ChartStyles ] Titles ] Legend ]

General l Border l Interior ] Image

,;___ The Leader in

GUI Components
KL SROLUUPF

Olectra Chart 200 Contral, version 5.0.1
Copyright 2 1937 KL Group [nc.
Serial Mo

k. | Cancel Help

Figure 14-5 2D chart Control Properties window

Table 14-2 2D Chart Control Properties

| 2D CHART CONTROL PROPERTIES
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TAB SUB BUTTONS FUNCTION
General Loading/saving 2D chart files in *.oc2 format
Border Changing the view of the chart border
Control Interior Changing the color of the chart background and axis components
Image Importing image to theackground of the chart
About Credits for the manufacturer of the chart interface
General Changing the axis demonstration
Annotation Changing the view of the axes components
Scale Changing the scale of the axes
Title Entering title forthe chart
Axes Grid Drawing grid along axes
Grid Style Changing the grid style and color
Font Changing the font style and size for axes
Polar/Radar Changing the annotation angle of axes
General Changing the chart style
Data Editing data from the water balance ch&igure 14.2.2)
Chart Bar Stretching and changing length of the x axis
Groups Labels Adding/removing/modifying labels
Internet Giving data path for data from internet
Binding Adding/removing data fields
Fill Style Changing the color of the chart components (by default, bars)
Chart Styles Line Style Changing the style and color of the lines
Symbol Style Changing the style and color of budget columns
General Changing the location and visibility ttie chart title using defined optiong
Label Changing the name of the chart title
Location Changing the location of the chart title by entering coordinates
Titles Border Changing the view of the chart title box
Interior Changing the background afateground color of the title box
Font Changing the font style and size of the chart title
Image Importing image to the background of the chart title box
General Changing the location and visibility of the chart legend
Location Changing thdocation of the chart legend by entering coordinates
Legend Border Changing the view of the chart legend border
Interior Changing the background and foreground color of the chart legend
Font Changing the font style and size of the chart legend
Image Importing image to the background of the chart legend
General Changing the view style of the chart components
Location Changing the dimensions of the chart area
Chart Area Border Changing the view of the border of the inner chart area
Interior Changing the background and foreground color of the inner chart ar
Image Importing image to the background of the inner chart area
General Delineating the plot area of the chart
Plot Area Interior Changing the background and foreground coldhefplot area
Image Importing image to the background of the plot area
General Changing the name and location of the chart labels
Label Changing the name of the chart labels
Chart Border Delineating chart labels
Labels Interior Changing thdackground and foreground color of chart label boxes
Font Changing the font style and size of the chart label boxes
Location Adding/removing labels
Image Importing image to the background of the chart label boxes
View 3D General Adding 3D effect tahe plot area
General Adding markers to the axes
Markers Attach Changing the location of markers by data or value
Line Style Changing the line style of the axes

The user can sele@hart Groups tab, and thenData sub tab. Clicking orkEdit button inData
sub tab Figure 14-6) opensflux (inflow/outflow) data ofin a spreadsheet. On this spreadsheet,
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water budget is given in #alay throgh multiple rows for the flow features that are represented in
the model.

An example of this spreadsheet is showifrigure 14-7. The values in thisigure correspond to

the water balace graph shown Kigure 14-3. Rows follow the same sequential order as the
modeling features given by theaxis of the water balance graph. A-() value indicates
groundwater outflow, while a ( + ) value indicatedanf to groundwaterHowever, this spread

sheet does not show the corresponding names of the components as they appear on the graph. The
user has to follow to sequence.

The user may copy/paste the data onto a spreadsheet such as Microsoft Exoethéor
evaluation

2D Chart Control Properties

Chartéirea ] Plotdrea ] ChartLabels ] Wiew3D ] Markers ]
Control ] hues ChartGroups l ChartStyles ] Titles ] Legend ]

ChartGroups General D lBarl Labels l Irterret l DE

t? Layout: | Amray - Hole: W
MumSenes: l'llili MurnPointz: I'Ii
0 alle: ’17 i alle: IW
ThizSernies: l'l—i‘ T hizPoint: ’1—:‘

Load... | Eave...| Edi... | Se;ies...| Sort |

0Ok | Cancel | | Help |

Flg ure 14-6 2D Chart Data Control Properties i Chart Groups tab with Data sub-tab

The following water budget
Edit Chart 2D Data components and their values

1 correspond to the graph in

x1 Figure 14-3:
Y1 |52.71596559407 Boundary (in)
Y2 |-3069.8666191335 Boundary (out)
Y3 |-839.68998265544 River
Y4 |4854.7233213396 Lake
Y5 |-1148.1795974544 Swamp
Y6 |2438.4576425122 Pond
Y7 |352.74444968655 Recharge
Y8 |9037.115784703 Constant Head (in)
Y9 |-719.47879945926 Constant Head (out)
Y10 |-10958.542165133 To Bottom Layer

oK Cancel | Spply | Eill Help |

Figure 14-7 2D chart Data Spreadsheet
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14.4.

Initializing Model Features/Clocks

Various aspects of the model can be initialized independently of each other.

clicki

Concentration plumes are initialized
plumes return to thestartinglocations and concentrations.
Particle features are initialized b\

particles returrio theirinitial locations.

The clocks associated with these fea
6Reset Concentr at irotni cdleo c®l6q c katn dbBuit&hec
Palette atow 10 columrs1, 2, and 4.

Please alspefer toSection11.2

icking

Es are r
IPac at ed
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Chapter 15 HIERARCHICAL MODELING

In IGW Version %P the user can built submodels @hild models) with a finer gridwithin a main model

(or parent model) with coarser gridA submodel is a localized model that yields greater detail over a
specfic region of the Working AreaSubmodelause the parent model solution as starting and boundary
conditions.

T h e thierarchicabmodeling i mp | IGW ¥ersiorh50rllows the user to keep refining the grid
acrosamultiple scaledy buildingchild modelswithin the parentmodels in a hierarchical manner.

Another feature of hierarchical modeling IGW Version 5.0Pi s t he wp scalioghando f 0
aownscaling@ When achild modelderives its boundary conditiom®d starting conditionfsom the parent

model (at the commomodes),the process is termed akwnscaling The child model after solving its
domainpasses back the refined solution to the parent mottet abmmon nodes. The main model updates
itself based on the feedback from the child model. This process is aalledaling After a number of
iteratiors between downscaling and up scaling, theitsahs at the boundaries between the parent and child
models should converge. The user caritestonvergence criteria between up scaling and downscaling.

The following sections describe the implementation and functionalityubi-scale hierarchical nuzling
in IGW Version 5.0P

Submodel solutions, becsel of their finer grid settinggassuming the grid density is n
significantly reduced by the usegre extremely useful for modeling around areas of sharp
gradient.

15.1. Defining Submodels

The first step in def iCreatenSgbmadéls b bmbd d el [ htbi pkt B
the cursor in 6draw modeo. The wuser ﬁ now def

by defining its shape (same as defining a ZoB8ection7.1).

Alternately, the user may type in the coordinates for each vertex of the submodel area (in the VCI
I seeSection 3.13 instead of clicking the mouse at the desired location. This method is not
limited by the resolution of the screen/mouse relationship, and allows for more precise
development of submodel fees.

As soon as a submodel polygon is created in the Working Area, it becomes the activelfeature
the user opens the AE, it will already have the submodel selected inThidrorresponding RHP
for submodelwill also appear in the AE

The usercan define the submodel area as a polygon, howl&wf Version 2P will
always create a rectangular zone for a submodet software automatically snaps f{
polygondés vertices to the nearest nod

The (finer) grid size in the submodel is defined by spedifiactionsof the grid size of
the main model. Therefore, if the grid size in main model is modified, the submods
is also modified.
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15.2.

The original polygon drawn by the user for the submodel is not retained by the so
If the grid size is changed in the main model at a later stage, the vertices of the rect
submodel will be snapped to the new grid in the main model, ratherttibaa of the
original polygon

The following sections explain the attributes of a submodel.

RHP for Submodels in Attributes Explorer

The submodgbolygon drawn by the user becomes accessible in the LHP of AE. Whenosigh
is selected in the LHRhe submodel RHPappearss shown irFigure 15-1. The submodel RHP
has three tabplusageneral area in the bottom of the RHP.

The general area in this window provides display options (explained in next section) and solver
options for the submodel.

Clicking the | Bubmadsl Solvers .} p e n sMotlehxex : Bolver Settingd wi ndow.

window is exactly the same as showrFigure 13-1. The functionality of this widow is explained
in Chapter 13 Submodel Solvers become available only after the submodel has been discretized.

Thi s

The three tabs in the RHP, viModel Grid, Down/Upscaling and Scatter Point Control are
used to assign attributes to the submodels. These are discussed in detail in Section

The performance of different solvers can be tested by defining multiple subrogeethe
same area, selecting different solvers for them, and comparing the results.
7 Attributes Explorer E“E|E‘
toded Explorer l Hisrarchy Tree | &«
@ Zone 1003 -~ T Downdlpsealing T Scatter Point Contral
= g Plines 1001
£ Pline 1001 Vertical Grid
= ¥z ParticlesGroup 1001 Vertical Extent
#- % ParticlePoints 1001
- ParticleZones 1001 Top Boundary | Layer 1 A
= T Tews 1001
T Test 100 Rl [ Battom Boundary  [Laper? =
T Tex 1002 f Length ]
T Text1003
T Text1004 Dix EI Computational Layers ...
T Text 1005
B
T Text 1006 it
5 M Layer2 N [21 MY |21
=-{P Zones 2001
P Zone 2001 DA  DyA
N {I:;a)yer3 O ™DV
| Zones 3001
s oDV
P Zone 3001
S Wells 3001 M| .
Wfell 3001 s DYE
el 3002
Wiell 3002 Patvaan Cal
olpgon Lalor
Well 3004 % ¥ Display This Model  Options ..
3 Model1-3 - Colar . I:l
v Use Model Level Display Optian
=188 Model1-3
O= Model 1 - 3window Submodel Solvers

Figure 15-1 submodel Parameters
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15.3.

Submodels Display Options

15.4.

In the general area of submodRHP (under the tabs), thuser can choose ti&olor of submodel

polygon. The user can also choose whether or not to displaybh®odel in themain model by

c hec ki DigplaytThissModeld b o x . By default thisOpbomx is chec
€ 6b u t tDisplay Ogitions for Model - x6 wi ndow appears. This widow i
appearance and function as for main model display options discusSbapter 19 (please also

refer toFigure 19-1).

Th &hod TreeMapp opti on, when checked will di splay the
Figure 15-2) of all the submodels. When the model is running, this map also dynamically shows
the direction of flow of information between the parent models and child models

Wh e tUse Model Level Display Option6 b ox i s ¢ h e cakddodcolor gradeentsc ont our s
within the submodel display will be independent of the main model. This box is checked by

default. However, in order to match the color code and contour scale of the main model, the user

have to uncheck thi sVadouxe s@dn d ogu pmpalxyi muhre ah@i vmem i
attribute being represented by color gradient and/or contour lines (please also Gxetidn

19.4.7.

Parent-Model Child-Model Interface

15.5.

The following subsections briefly describe some details about IGW submodels that may be of
interest to the user.

15.4.1. Boundary Conditions

In IGW Version 5.0Psubmodelsuse constant head or constant flux values as the boundary
conditions. These values are taken from the window in which the particular submodel was drawn.
For instance, a submodel drawn in the Working Area will use the main model for its boundary
conditins while a submodel drawn in a submodel window will use that submodel for its boundary
conditions. Please refer 8ection15.5.2for how these catlitions are defined for the submodels.

15.4.2. Starting Head

The starting heads associated with the submodel solver iterations are taken from the parent model.
Each node (excluding the constant head boundary nodes) is given a starting head value that is
deternined by linear interpolation between each node in the parent model.

15.4.3. Parameter Interpolation

The parameters associated with each node in a particular submodel are taken from the parent
model. The values are assigned based on linear interpolation betagiemode in the parent
model.

Assigning Attributes to Submodels

User can define/assign various attributes to the submodels using the three tabs in the AE as shown
in Figure 15-1. These are explained in the following ssdctions.

15.5.1. Model Grid
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Horizontal and vertical grid options for the submodel can be selected froltotthed Grid tab
shownin Figure 15-1.

15.5.1.1. Horizontal Grid

Vertical grid settings are shown in thierizontal Grid areaunder theModel Grid tab.
Various fields in this area are explained below. All these fields are calculated by th
software. The user only decides to chogecifiedfractionsof parent modefyrid size in
X and Y directions that will become the child model grid size in X and Y directions
respectively.

X0

This field displays »coordinate location (in the Working éa) of the lower left corner of
the submodel. This number corresponds to the softintegpreted shape of the
submodel, versus the usdgrawn shape displayed in the Working Area.

YO0

This field displays ycoordinate location (in the Working Area) of the lower left corner of
the submodel. This number corresponds to the softintegpreted shape of the
submodel, versus the usdgrawn shape displayed in the Working Area.

X LENGTH
This field displays the »direction extent of the submodel area (relative to the submodel
origini XO0).

Y LENGTH
This field displays the-girection extent of the submodel area (relative to the submodel
origin1 YO0).

NX
This field displays the number oéllsin the child modein the X-direction

NY
This field displays the number of cells in the child model in thdirgction

DX
This field displays the grid cell size of child model irdKKection

DY
This field displays the grid cell size of child modtelY-direction.

155.1.2. Vertical Grid

Using the vertical grid options, the user can choose the vertical extent of the submodel
within the conceptual layers of the main model.

ertical in@eaunddelRHP égure 15-1) allows the user to specify the
layer of the model in which to place the boundaries of shiemodel. Thissave
computational time/efforif refined solution isot desired for algeological layersThe
user can select which layers will be the top and bottom boundaries of thebyodatg
the pultldown menus next to the respective boundary name.

Clicking on the L enspauliatione) Leyars — | button opens the vertical discretization
window for submodel ashewn in Figure 15-2. Here the user can chooséraction of

par ent compulagonada§er thicknesgwithin a geological layerjvhich would be
apgied to each layer in the child model. The user can choose diffenaattons for
different geological layers as seen in the figure below. For example, Geological Layer
field in the figure shows that geological layérand 2are selected as the vertieadtents
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ofthe sumodelThe | ine fiLayer 2: Parent (3) Child(9)0
3 computational layers in Layer 2, while the child model has 9 computational layers in
Layer 2.

*» Vertical Discretization §|

Geological Layer Number of Computational Layers

Layer 2. Parent[3] Child[9]
Laver 3 Parent(3] Child(3) [ Apply to Al Lapers

Fired Grid Factor to Coarse

" D2 D247
o {3 Dz
D2

ak. Caticel

Figure 15-2 vertical Discretization window for submodel

The vertical extent of submodels can only be chosen between the geo
layers of the main model. Submodels or-submodelst any hierarchical leve
cannot be assigned a vertical extent covering only part of any geological lay

15.5.2. Up scaling/Downscaling

Up scaling/Downscalingtab in the RHPshown inFigure 15-3 provides the options to the user
for boundary conditions, interpolation schemes, and iteration criteria.

Wh e Dowilscaling fromparen®6 opti on is sel edBodndah g i Omesrd c an
bet ween O&éPrescribed e dethiled inforrdatioa éhrthee uusageioteactt, f | ux 6 .
please refer to thE&sW Version4.7 Reference ManualAlso in this area user can choose between
interpolation schemes. 6Linear interpolation wit
currently available inGW Version 5.0P

The user needs to select submodel boundaries so that the resuttsamiagful. Thig
means the submodel boundaries must be defined far enough away from sharp gra
that the boundary conditions have not been compromised by the limitations of the
grid (parent model) solution.

WhendJp scalingtoparenb opti on is selected, the user can s
scaling operation. The avail able choices are OPr
only one interpolation scheme for up scaling operation is availabl@W Version 5.0PWhen

Up scaling to parentoption is selected, the software performs a number of iterations to between

Up scaling and Downscaling operations to converge the modeling results at the interface of parent

and child modelsUpscaling/downscaling lterationarea albws the user to select Max. Iterations

(default = 20), Relaxation factor (default = 1) and Head tolerance (default = 0.01m).

The exact values assigned to the boundary nodes are determined by linear inter
between each node in the parent model.

Rel axation factor is only required w
Recommended value is 0.4
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There are three more options at the bottom lefd@fvn/Upscalingtab. All of these options are

checked by default.

15.5.3.

todel Grid T

[v Downzcaling from parent
Boundary Condition Type
{+ Prescribed head
" Prescribed flus

|nterpalation Scheme

¢~ Linear interpolation within
conceptual laver

{* Linear interpalation

r 20

v Mapping intial head from parent
v Mapping intial concentration from parent

Iv Accounting for plume fram outside submodel

Down/Upscaling T

Scatter Point Control

[~ Upszcaling to parent

Boundary Condition Type
* Prescribed head

" Prescribed fux
|nterpalation Scheme

* |nterpalation

o~

Upzcaling/downzscaling [teration

20
Relsation factar |4
Head Tolerance |0.03280 El

b aw. lterations

Fig ure 15-3 Up scaling/downscaling options for submodels

Scatter Point Control

Scatter points are often used in models to interpolate spatial attributes in a model (please refer to

Chapter 20). SincelGW Version 5.0Pallows multiscale hierarchical modeling to very fine

scales, the number of scatter points available in (smaller) defadubmoded may be&ome too
small to have reliable interpolation of a certain attribute.

Scatter Point Control tab is shown inFigure 15-4. Using options given in the Scatter Point

Control tab, the user can assign scatter points outside of the submodel domain to be included in
theinterpolationof attributes.

Options include raking scatter points available in an area equtinesgreater than the submodel
size (default valuef n = 2), or making thesubareaa circular radius, with size based either a

set distancedefault = 200, or a multiple oft h e

s u b Aengthedlué(defattt = 100)

Mudel Grid T

Down/Upzcaling T

Scatter Point Control

[v — Using Scatter Paintz in a Subarea

Subarea Definition

e times submodel domain zize (in <Length and YLength)

(" A circular area with a radius of I:I

A circular area with a radius of submodel =Length

Click thiz button to confirm selection |

Figure 15-4 scatter Point Control for the Submodel

In order to include scatter points in submodel from a bigger area, the user may check the box
b e f dJsing Saatter Points in aSubarea

on

the Scatter

Poi

nt
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the options fronSubarea Definition and finally click on the e [ Eullior (o govdine seleellar
button to confirm selection.

15.6. Discretizing Submodels
After defining a submodel and assigning its attributes, the user nedidsrtetize the i
mod el by c |Deepliscretizatiod b intet @n on t he B n Palette

Wh e Defirle Model Gridd wi n d o wFigarp J5&)athe siser must click on the Advanced
Discretization Options button.

5 Define Model Grid 3

tain Model Setting

HlLemgin D cretization Olptions
¥ Length D
+ Change Mx/NY © Change Di</DY
N |40 e D Cancel |

Ny [30 ov | f
Discretize / OK

Define number of computational layers ‘

Figure 15-5 Define Model Grid window

This will open Advanced Options windo(ffigure 15-6). In the Selected Model area, the user
should choose 6Main and all its submodel sd opti ol
in the Define Model Grid window.

3/ Advanced Options g|

Selected Model

" Main model only Copy ta Multiple
" Main and 3l its submodeld Machines

Digcretization Option

f* Adaptive discretization
Cancel
~

Define Min. Thickness... | oK |

Flg ure 15-6 Advanced Options window

15.7. Selecting a Submodel

To select a submodel in the Working
and then click the cursor inside the desired submodel. ditraaelbecomes outlined
in red,indicating that is currently selected.

Alternately, the desired submodel may be selected in the ASé#®Nn4.1.1).

15.8. Redefining the Submodel Area

A submodel that has been defined in the software
Edit & mIedien3.16s dhe user may change the shape of the submodel in the Working
Area byeithermoving the existing verticesné/orcreating new vertices.
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To move an existing vertex, click and hold the neoabove the black square that corresponds to
the desired vertex, drag the cursor to the desired vertex location, and release the mouse button

To create a new vertex, click and hold the mouse above the blue crosshair symbol (one exists
between each vexx) nearest to the desired location of the new vertex. Drag the cursor to the

desired vertex location and release the mouse button.

These steps may be repeated as many times as necessary, until the desired submodel shape is

achieved.

The original polygon drawn by the user for the submodel is not retained by the so
After discretization, the submodel area is converted into a rectangle. The nodes of {
rectangular area can again be edited by the user in the similar manescrésed above.

15.9. Viewing Submodels in Separate Windows
After defining a submodel in the working area the user can assess AE and see that all submodel
can be seen in TP@lease refer t&ection4.1.3for TPS)window as well. If the box next to a
submodel is checked, that model will appear as a separate window on theBgmiefault, these
boxes are already checked. Every submodel edelay the user appears in a separate window as
soon as the model is discretiz&®S with submodels are shownHigure 15-7.
3 Attributes Explorer g‘ﬁl@]
Mode Explorer | Hierarchy Tree | <<
= &) Project w1 ol Grid 1 Down/lpsealng | Scalter Point Contial
= B ManModdl Horizontal Grid !
= @@ Cross-sections Wertical Grid
| g Comms s
El C?yZunesmm v TopBoundary  |Layer 2 -
L o zere ot KLenghh Betom By [Lm 3 2]
£ Pline 1001 ¥ Length [F7ETS ]
T ?By;j.es o001 DX e ——
Py e e o
. 3Weuzum w7 wefm
) 8 C;yEZruneSBDm DA DY
£P Zone 3002 & Dx/2 & vz
-0 o Cowe | oo
B el 3002 D Dy
=-Jlf Model1-1 DS CDv/s
<o g Cross-sections
=1 Mﬁg: ﬁjs's feclmrﬂ e [ Display This Madel  Oplions
= Cossseciions 3 Cobr._| |_| o u
[¥ Use Modsl Level Display Dption
[ = 18 Model 1-1
= Model 1 -1 Window Submadel Salvers
= 8 Model 1-1-1
B o 11w Select the bieck bosesin this
area to display sibmodels in
a separate window
Flg ure 15-7 submodels seen in TPS
15.10. Submodel Window

Foreachsubmodele f i ned, a separ atieXdwi (nvdhbefise sokKwhre d
assigned numbgeplease refer t@ection 15.11.2for submodel naming ceention) will appear
when the model is discretize8¢dction15.6). The windows will cascade from the uppeit-hand
corner of the window correspdimg to the submodel that appears above it in the L$#et{on
4.1.]) of the AE. The location of the initial window will be in the upper-kind corner of the

6 Model

monitor. The spacing of existing open windows and the required sizes of the newly opened

windows may affect the initial display location of the newly opened windows.
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Model features (zones, polylines, wells, etc) can be drawn in a submodel window. Thesthcreas
detail of the submodel window allows for more accurate rendering and placement of smaller
features. The effects on the main model will be the same as if the feature was drawn in the
Working Area.

Right-clicking the mouse in a submodel window opensenmfrom which the user may select
any of the following options ( Pl ease al s o-Ms a e 8attibiBd7:Ri ght Cl i ck

1.) 6 C o opiés the submed. The user can paste the copied submodel in the AE by
using[CTRL]+V .

2) 0 Node -(Etdhd 6speci fic submodel must first be
mode Section3.16 and subsequently allows the user to redefine the shape of the
submodel (same as redefining a zoriection7.3).

o

3) oRefi8shécting this is the same as <clicking
Palette Section3.4).

4) 6Di spl ayi Opeanonsbe 6Submodel Draw Option
Section15.3

5) 6 Show 3 Di BseusdedirBextidn2l.1

6.) 6 Show 3 Di Dslssedigséction21.2

7.) 6 E x DanitBégins the process exporting data contained in the submodel

8) 6 Di scr et il Discosged ifSachon¥.d

9) 6 Gr i d Ba s eidiscgsedri@hapienld. 6

1006 Unl ock Cur sor /1 DBdussedirBedtiin3.23 i on FIl ags

Functiors of which details given above can also be accessed byctigking on the
submodel polygon in the Working Area.
and paste the submodel in the AE by ugi@gRL] + V .

Closing a submodekindow simply stops its visualization and computation. This is sometimes
desirable, as it increases Working Area visibility @astescomputational power without deleting
the submodel. It can be restored at a later (Beetion15.9.

When a submodel is deleted, all of its associated subordinate submodels and as
features will also be deleted.

Submodelsmust be deleted prior to Monte Carlo simulation, and/or when mod
multiple scenarios. Otherwise, the program will crash.

When redefining the shape of a submodel, it is more convenient to do so in the W
Area, as opposed to a submod@idow that is limited in extent and will not allow vertic
to be moved outside of its borders. Therefore, it cannot be made larger by redef
exclusively in a submodel window.
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15.11. Hierarchical Models

Hierarchical modeling is a very powerful featurelGW Version 3P. The following sections
describdts conceptubaspects and implementation.

15.11.1. Conceptual

Under thehierarchical modeling systerwe model the system incrementally, visualize the results
on-thef | vy, and ¢ Gareasowhén @nd iwimete ave feelithere is a need to. We begin with
modeling the entire area using a cosged and then make localizembrrections by adding
submodelsor submodelsn-a-submodelwhere the solution is judged to be inaccurate. The
submodelboundariescan beinteractively located where the parent dynamics are deemed to be
adequately resolved. This process is often iterative and one must use judgment to determine the
neededsubmodel extent/resolution based on the parsolution behavior and local system
characteristics. Since the entire metirarchy is dynamicallgoupled, one can readily evaluate

how different patch refinement schemes affect the ultimate solufldres. al., 206).

The concept of hierarchical modeling is illustrated in

Figure 15-8 (from Liet. al.,2006)The term O6patchd used in the figur

level [-1
eve Coarse

¥ Fine

Finest scale patches

Flg ure 15-8 Hierarchical decomposition of a groundwater system (from Li et. al., 2006)
Recursive sub-divisions (left)
Hierarchical submodel network (right)

The concept is further illustrated in IGW modeling environmerfigure 15-9. It presents the
final hierarchical solutions that characteriaeheterogeneous system in response to various
sources/sinks including the wdlelds and surfacevater bodies. The solutions capture both the
regional and local dynamics and provide important information for integrated managemeent.
example inFigure 15-9 showsa total of 16submodels ir¥ levels, zooming into 4 focusedteas.

In general, the number of levels asubmodelsieeded to achieve desired resolutions depends on
what the modeling objectives are, how complex the proideand how powerful the computer is.
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Model-level Grid-spacing (m)
200
100
50
25
12.5
6.25
3125

(a)

Wellfields

~

| [ e ra | —

A

(b)

Contamination

e plumes '—.\

Figure 15-9 Example of hierarchical modeling

(a) Hierarchical patch solution in the model
(b) Hierarchical patch network for modeling levels

This window is the same as describedSiection 15.5.1 Additionally, the options to select the
computational layers to be involved are offered in this layer ds wel

15.11.2. Submodel Naming Convention

A submodel drawn within another submodel will appear in the |
of the AE (seeSection4.1.]) at the OLayer

appears the same as a submodel drawn in the Working Area, bt
retain the name of its parent submodélxa ( wher e 6 a
name and ndmbdér). This indicates that its bound:
conditions are associated with the submodel it is named after.
example, a submodel drawn in
be titleddéoModehdiLcate that I
fasecond submodel is defined
O0Modedd.1 I f a submodel i-20t he
be named &ag-166Modfend 1so on. N
they appear in LHP of AE for Model 1 are showrFigure 15-10.

LLLGiilgiimaimoonngal
L N R N L R R R I

T NERN ST L S A P A Y

L3 T o —

If the name of a parent model is changed, it will not affect the ne i
of any previously defined subordinates; only those defined afte b

namec hange will Dbexbefmluenbtee d.w Figure 15-10
correct index regardless of the associated name, and will not Submodel names in LHP
even in the event of subordinate models being deleted. of AE

ra
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The user can ovewrrite the name of any submodel in the LHP. Clicking once on the submodel
will highlight it, clicking on it a second time (i.e. clicking on it again) will allow the user to ed
name.

15.11.3. Adding Submodels in a Submodel

IGW Version 5.0Psubmodels function in a hierarchical setting that allows for the nesting of
submodels within other submodelsh er e i s no | imit to the number of
may be defined.

To define a submodélchild model) inside an existing submodébarent model) the existing

submodel must be open in a separate winddve. user can define child model within the window

of parent model in the same manner as explaingkeation 15.1 Usingthe cCreate

Submodel 6 button puts the cursor in [ aw moded.
in the existing parent model window by defining its shape (same as defirdiong
Section7.1). After discretization, the shape of child model will turn rectangular as
nodes of the polygon are snapped to the nearest nodes in the parent model grid.

As soon as a submodel polygancreated in the in thexistingsubmodel window, it becomes the
active feature. If the user opens the AE, it will already have the new submodel selected in LHP.
The corresponding RHP will be available for addaulitingthe attributes in the new submodel.

User can add more than one child models in any parent rabdleé same levelThere can be
overlapping boundaries between the child models in any parent model.

The user has the option to modify the boundaries of a submodel in the IGW main

Working Area as explained iBection 15.8 However, the user must make sure that
boundaries of any child model polygon must stay entirely insidés parent mode
polygon. Any mistake in this regard may cause an error and the model may not run.

A submodel will not show in a separate window unless the model is discretized. This implies that
the model has to be discretizieefore a new hierarchical level can be added.

15.11.4. Visualizing Hierarchical Structure

Hierarchical structure can be visualized@W Version 5.0k two ways.

One,ly selectimpplyygwmmbodenl t he O6Conceptual Features
Opti ons f windowMaid il sholv &ll submodel polygons in the working area and user

can visualize the nested structure of submodels as shigre 15-11 This visualization allows

the user to see the hierarchical structure to some extent as the submodel rectangular boundaries are

seen by detlash lines. However, it is difficuto see, in this visualization, how many submodels

exist at each hierarchical level, and the exact pantgiid relationship.

A better visualization of the hierarchical structure is given by the treemap view. By selecting

@how Treemap ™ B i n  Disply Options for Model 16 wi ndow, a schema
Treemap of nested submodel hierarchy opens up in a separate window as sihgmeml&lz
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Layer 1(1): Steady Flow, Time Elapsed =0 days (0.00 years)

Nested submodels seen in the working area

Figure 15-11

*3 Hierarchical Models Tree Map and Flow Chart

B3]l

Main Model, First Hierarchical Level >

Second Hierarchical Level ——————»

I\
Third Hierarchical Level —» 9
I\
Fourth Hierarchical Level —» ®
I\
Fifth Hierarchical Level >
I\
Sixth Hierarchical Level >
I\
Seventh Hierarchical Level >
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Adhere 1o Nodes
[ SubModels [~ Mass Balance
S e I~ {ErorBars

[~ Paiching Main odsl

I inContor W in Coloiap

9 Save teration
Clear | Close History
— ]

Iteration history display area

Figure 15-12

Treemap objects control panel

Hierarchical Models Tree Map and Flow window

Parent and child models are represented by nodes at their respective levels, connected by lines
showing their interrelationships at various levelghen the model is running, this window
exhibits adynamicdisplay At any given time, a set of parechild nodes and the line joining
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them change color, with an arrow displayed along the Tihe.color indicates which pareohild
model is being currently assessed by the software. The direction of arrow along the line indicates
which way the information is fleing i.e., whethethe upscalingoperation is in progress dne

downscaling.

Another dynamic displain this windowis thedteration history dwhich is continuouslyupdated
in the bottom left area of the window.

A Tree Map Objects Control panelis located inthe bottom right corner of the windovkigure
15-13 shows the panel in detail.

Figure 15-13

Line Option

Calar ... |:| "width |1 pl

| stat | ldeofChid [y
ﬂ |dx of Parent IT

Adhere to Modes
[v Subkodel: | MaszzBalance
SIZE =lllllllllllllllllll p E”l:lr Bars

[ Patching ain kodel
[T inContour [ inColorkdap

Save lteration
Clear | Cloze | Hiztary

Tree Map Objects Control Panel

Thed.ine Optionbarea allows the user to choose the color and width of the lines connecting the
nodes.The same color is applied to the nodes too.

Below this area ari

zhart

use these buttons to start/stop hierarchical simulations at any time.

T h @&dhare to Node®

error of

convergenece.

and _ #3P | puttons When the model is runninthe user can

area all ows us e massloalarcdodsub motdessarmlub mo d e
B yiguteel b B4 ghlovts the default viewof Bar s 6 i ¢

MHierarchical Models Tree Map and Flow Chartd w i dhe error bars appear horizontally by
default. Clicking once on any errbar makes it vertical. A text line showing the magnitude of
error also appears with every error bar. With the top node representing the main model, the
number of iterations performed to reach the convergence criteria is also given by another bar.

User carhover the cursor inside the window. As soon as the ctwsches a node, a text display
pops up to the right side of the cursor giving information about the submodel being represented by

that node.

By c¢ hec ISiutdlo dbext al dubmodel windowslraady open are snapped to the right

side of their respective nodes. The user can increase or decrease the size of submodel windows in

by usi ng@i tibé Adhae thiNodgd baFigur@.n next t «
15-15 showssubmodel windows in the Tree Map. The display options for any submodel window

can be separately chosen by
the popup menu. The display optionisterface for any submodé exactlythe sameasfor the
main modelin the working area. User can referGbapter 19 for detailson display options

the tree

By <c¢hec MasaBplaricd eb 6 x ,

ma p

right

cliionlion g rioms i d e

sbhawing massljalance for respective submodels

appear next to their nodes. Mass balance for submodels is explained in datit isection

(Section15.11.5.
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*) Hierarchical Models Tree Map and Flow Chart
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Upscaling Run done I~ inCortow ¥ inColoriap
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Flg ure 15-14 Default view of Hierarchical Models Tree Map and Flow Chart window
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Figure 15-15 Submodel windows
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T h éPatahing Main Modeld6 area all ows wuser to Opatchd the r e
main model. By selecting different view options, the user can visualize how wiihtheetails

from sub model fit into the main modetigure 15-16 illustrates how sub model patches can be

compared and visualized in mail models.

1580

Layer 1(1): Steady Flow, Time Elapsed = 0 days (U.UU':years)
Figure 15-16 Submodel patching in the main model
15.11.5. Mass balance for Submodels

By checKMarsg tBhak iade Tree Map Objects Control Parfeigire 15-13), the

user can observe mass balance for every submodel in the hierarchical structure. However, before
checking this box, the user has to open the mass balance windows for the submodédlseusing
following steps.

Mass balance option for sub models is currently availablié\Vk VVersion 2P for models
with only one geological layer and one computational layer. This feature will be ext
to multilayered models in the later versiond@¥\V.

(2) Sel ect the main model 6domain polygoné in t
(Section7.6.2.9

(2) Discretize and run the mode&éction15.6).

3) Select Water Balance for the zondhie TPS $ection14.2andSection4.1.3. Zone
water balance for the main model will appear in a separate window as shown in
Figure 15-17.

Noticethat this mass balance has a componeatmeSdoM®@. Thi s component pertai
conceptual model features inside the submodels within the main model. Water balance for all the
conceptual features inside the submodels are lumped in the SubM bar. However, by double

clicking any where irthe grey area of this window the user can revert it to the normal water

balance display for the main model as showrrigure 14-3. Double clicking innormal water

balance display will toggle the display back to the submsgletific water balance.
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Also notice that the SubM bar is stacked with different colors. Each color represents a different
submodel at the next hierarchical level. Two colors inNblar in Figure 15-17 indicates that
there are two submodels at the next hierarchical level.

*3/Model 1: Water, Balance in Zone 1001

File Display
Water Balance
000 b

4000

3000

2000

1000

Fluz (m*3iday)

-1000

-2000

3000
Subhd

-4000

Mo submodel's contributions

" Time Yariation/=-y Plot & Instantaneous  © Cumulative

Figure 15-17 main Model Water Balance

(4) Click oncein each color inthe SubM bar. Each click will open aseparate water
balancewindow for the submodel ahe next hierarchical leveFigure 1518 shows
water balance for the next hierarchical level.

*3 Model 1 - 2: Water Balance in Zone 1001 [ZI[EI[‘S_TI
File Display

‘Water Balance

CHead

S_BnoOut

Flux [m*3iday)

Subhd
-20000
Mo submodel's contributions
" TimeVariation sy Plot 0+ |nstantaneous  © Cumulative
Figure 15-18 Water balance at first hierarchical level
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Notice thatin Figure 1518 there arewater balance componentsi t h $ Brtdlhdée s a ndd

S BndOutb. These components representunday.WNotideary f | uxe
that theSubM component is still presenvhich means that next level of hierarchical models exist

This SubM component represents all conceptual congnts contained in the submodels for the

next hierarchical levels.

(5) Click once on th&ubM bar again and the next hierarchical level water balance will
appear in a separate window.
(6) Keep clickingin each color ofthe SubM barstill the last hierarchical level is

reached. N&ubM component will be shown in the water balance window when last
hierachical level is reached.

(7 Check the Mass Balance box in the Tree Map Objects control geigatd 15-13).
All mass balance windows for sub model#l appear next to their respective nodes
as shown irFigure 15-19.

% Hierarchical Models Tree Map and Flow Chart
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"
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Modol1-1-2.1-1-1 T Nodke
Curent Evoraad= 4 THI4E D4 ot (=43 J=1 K= 1 o DidHoad= & 473407 New Hoad= 64746501 I SuModel & Hs Baarcal
[ EworBans:

Model 1121117
- dHead= 7 97E0E 01 NewHoade 75727601 Size
¥ Paiching M Model

[~ inConlow ¥ inColaiMap

SR B
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Figure 15-19 Water Balance for Submodels
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Chapter 16 CROSS-SECTIONS

A crosssection is a localized model that gives more detail along a specificsrossn of the Working
Area. Crosssections use the parent model solution as starting and boundary conditions.

A typical crosssection fromlGW Version 5.0Fs shown inFigure 16-1. Crosssection&” show conceptual
features in the model, such as wells, rivers, and geological layers egalBtnehow modeling results such

as velocity vectors, static head contours and static water line (blue dotted line at the top). Geological layers
appear in diffeent colors in the crossectionswhile the computational layers are separated by dotted lines
(vellow dotted lines between the layerE)ser has options to change the appearance as well as vertical
exaggeration of the crosgction The active computational layer in the cross section is bounded by a thick
red line.

*3! Cross-section 1 |Z| |E| le

Figure 16-1 A typical cross-section

The following sections describe the implementation and functionality of-semgns.

R

A series of line segments called Réhear profile models can be created. The entire def
section is projected into a twiimensional window and appears as a simple eeston.
Currently, IGW Version5.0P does not indicate any threlgmensional attributes in the profi
model window;so for complex crossections keep in mind what it is that is displayed.

16.1. Defining Cross-Sections

The first step in definingacressect i on i s «c¢ | i c ks encgt itohnet tftionne. a
This puts the cursor in 0dr aw-satodie the @‘he user
Working Area by simply clicking the mouse at points along the desired séfie o

segments (same methodology as defining a polyliBection8.1).

Alternately, the user may type in the coordinates for each line segment endpointM@i theee
Section3.13 instead of clicking the mouse at the desired location. This method is not limited by
the resolution of the screen/mouse relationship afavs for a more precise development of
crosssection features.

When a crossection is defined in the software it becomes the active feature.

%4 Refer toChapter 13 of thelGW Version 5.0P Tutorialsdocument for examples of defining and viewing
a profile model.
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Afteracrosssecti on has been created, the cursor i's sti
to add cosssection s as desired.

Cross sections are independent of model layers. The user can draw cross sectio
model layer and it will show in all model layers in the Working Area.

16.2. Selecting Cross-Sections

To select a crossection in thewWor ki ng Area first-sedtii he 6Sel e
button and then click the cums on the desired crosection The crossection @

becomes highlighted in rettiereforeindicating that is currently selectedlternately,

the desired crossection may bselected in the AE (s&&ection4.1.]).

16.3. Redefining Cross-Sections

A crosssection that has been defined in the software can be redefined by placing thencursor
6 Node Edi tSéctiomdld).e Th¢ user may change the shape of the polyline in either the
Working Area or any submodel windows by: 1) moving the exjstiertices, and/or 2) creating
new vertices.

To move an existing vertex (line segment endpoint), click and hold the mouse above the black
square that corresponds to the desired vertex, drag the cursor to the desired vertex location, and
release the moesbutton. To create a new vertéxe(make one line segment into two), click and

hold the mouse above the blue crosshair symbol (one exists between each vertex) nearest to the
desired location of the new vertex. Drag the cursor to the desired vertgaricmad release the

mouse button.

These steps may be repeated as many times as necessary until the desissttomosshape is
achieved.

16.4. Setting Cross-Section Attributes

Crosssection attributes are set in the AE (Sapter 4). After accessing the AE, the first step is
to slect the desired crosectionin the LHP (seéection4.1.]) . Doing thissbcthgsdup t
RHP (seeSection4.1.2 . A sampl e @d$s etché oRHPA &fgaed6ZsThoovss i n
section attributes displayed in the AE are discussed in the following subsections.

% Attributes Explorer, E“E‘ EJ

Model Explorer ] Higrarchy Tree ] hi _‘
j@ Project Cross-section 1
=B Main Madel
Aj@ Cross . Mumber of grid along x-sect (NL1 |60
o I ’—
= '5 Laver
= Q{Zpones 10m v Equal to NL* Sqrt [Kx/Kz]
Zone 1001
= 4% Plines 1001 Horizantal giid spacing [DL]
#~ Fline 1001
; Piine 1002 Vertical grid spacing (DZ] El
= L 2 .
? 551;'0”58 . Hesect thickness [DB) 2waf |
{P Zone 300 e
= wells 2001
6] wel 2001 [ Equal to Sort [Kx/Kz)
=i e Layer 3
Calor
g {pgnzazr?g%uz Color | Interpalation 5 cheme .. ‘
= @ Wil 3001 [ 1
Wwell 3001 Iv Display This®Sect  Options ...
Wwell 3002
=98 30 Atibutes

Figure 16-2 RHP for a Cross-Section
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NUMBER OF GRIDS ALONG X-SECT (NL)
This field indicates the number of grids along the csesgion.

NUMBER OF VERTICAL GRID (N2)

This field indicates the number of nodes alongéghgre length of the crossection. The default
value/entry is 28. The user may change this by entering a number in the appropriate field,
however at the present time this feature is inactive.

NZ i EQUAL TO NL * SORT (KX /KZ)

This field indicates theaumber of nodes in thedirection to be included in the cressction . By
default the associated OEQUAL TO NL * SQRT
automatically determines this number from:

O E

p
N
1
BBBBB BB BB B>

(16.5.1)

3
e M
o)
@)
_|

8 8
- O: O: O: OO

O
088

W)
—
|- O: O: O: O: O: O: O: O: O: OO

where TOPE= top elevation of the aquifed, L
BOTE= bottom elevation of the aquifer], L
KI =conductivity along the length of the crosscgen[L/ T]

The user may uncheck this bard enter a desired number in the field.

This number is set to prevent the occurrence e€aliditioned matrix systems in th
solution. However, when modeling very large areas, the calculated NZ will be too
(DZ will be too large) to provide enigh details.

HORIZONTAL GRID SPACING (DL)
This field indicates the computational (reedrld) extent of each cell alonde length of the
crosssection It is determined by:

_ LENGTH
NL

DL (16.5.2)

where LENGTH= entire length of the cross secfioy

VERTICAL GRID SPACING (D7)
This field indicates the computational (reabrld) extent of each cell in thedirection. It is
determined by:

_ TOPE- BOTE (16.5.3)
NZ

DZ
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X-SECT THICKNESS (DB)

This field indicates the dihsopgh)ahe cressettiennTte of t he 6
value is centered aboutelcrosssection. The user may change the displayed thickness of the
crosssection by entering a number in the appropriate field.

VERTICAL EXAGGERATION

This field indicates the vertical exaggeration of the csasgion display. By default, the
associated box O6Equal to sqrt (Kx/ Kz)é is checked
number ¢/ Kx/ Kz) in the box. The user may uncheck the box and erdesiaed number in the

appropriate field.

The AnisF number ensures that the velocity vectors and head contours will be orth
(for homogenous, anisotropic media).

COLOR AREA

The color area shows a preview of the cremsstion color. There is also a button the user may
click to open thed Col or 6 wi n d o Whe aserdnaycdisa click eén the tsample color
outinea ea t o open the 06Colordé window.

INTERPOLATION SCHEME WINDOW

Clicking the o6lnterpolation Schemed box opens t|
Figure 16-3). In this window the user may specifhte 6 SOR Rel axati ond numbe
defaul t), the O6Max. Number of Ilterationdé number

meters (0.0001 m by defaultseeSection 13.3. These parameters are explainedSiction
13.1.1andSection13.1.2(SORa n thneblteration (Matrix Solution) Arésubsections).

The profile model always uses SOR as the solver method.

< Profile Model Solver (%]

Solver Properties

S0OR Relaxation 1.86
b &, Humber of lteration | 2000
Error 0.0001 m

|nter Block Interpolation tethod

" Inzide Conceptual Layer Dnly

* Mo restriction

M apping used vertical grid nurber |58

k. | Cancel |

Figure 16-3 Profile Model Solver
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16.5.

Setting Cross-section Display Options

Checking the Diglay Thise3ecd tbou ttthoen @@pti ivarn @i thwet t on
box will become unchecked whenever the associated-seation window is closed). Clicking

thebutt on opens the OPr of i InEigudd6idtiandBliowsphle asgr Opt i ons
to modify the crossection display. The settings arealissed in the following subsections.

TOP BOUNDARY OF DISPLAY BOUNDING BOX

I n this area, the wuser may ¢ Blhiotheedefauldb ei t her
entry) or allow the software to automaticall
the gosssection.

3 Profile Model Display Options E]
Profile: Properties Top Boundary of Display Bounding Box
v Riwver W Scatter Paints f* Equal to Max Aguifer Top Elevation [Ztop)
" Equal to Thiz Walue
v el v wiaker Table a I:I
. W
¥ Drain [ Inactive Arsa [¥ Equal to Max Head If Larger

v Aquifer v Const Head Scale Bar
[ Horzontal v ertical
Simulation Results

[v Head [ Conductivity Dizplay Maragin
[v “elocity [v Concentration Top |2_ % of Window Width

r Bottarn |2 % of wWindow width

Yertical Exaggeration Factor |3 16227761 Cancel 0k

Flg ure 16-4 Dpisplay Options for Profile Model

SIMULATION RESULTS AREA

I n this area, the wuser may choose to activa
6Velocityd, addHdedd€ondmdt é6Veltygdityd are active
6é6 button next to O6Headd, 6Vel ocityd, or o6Co

further refinement of the display of these features. These settings affect only the cross
section at hand lbuhe window interfaces are similar to those encountered when setting

overall di splay optionrP r awr Opghond ewidMaow: M(
Optioni Pr of i | &iguled®R7d 6 5 Vel oci t yFigore a%; Oaprnd ocdDr aw
OptioniPr of il e Conduct iFiguretl9®d.: same for mat as

PROFILE PROPERTIES AREA
In this area, the user may choose to activate or deactivate visualization éoisvaddel

features. All ofthesar e active by default. Clicking th
opens the o6Draw _ A 0 Gepresents the feature wdme)r ire

which the display can be further refined. The window is discussed in the following

subsection.

THE DRAW () WINDOW
An example of this window (for the river feature) is showfigure 16-5.

In this window, the user has the option of activating or dedrtyaisualization
of the outline (6Draw Contour Lined), the
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16.6.

(6Show Titled) for the feature at hand.
Associated with each is an area in which the user may further refine theydispl

of these.
3 Draw River, @J
[+ Draw Contour Line [v Show Title
Contour Line Properties Title Text Properties
| ] FontSie.. |
LineWidth |5 Pixels
Line Style Solid -
v Area Filing Teut Alignment
Fill Properties o+ Top
Fill Calar ... C Left ¢ Right
Fil Stle  [Scid |  Bottam

Ok Cancel

Flg ure 16-5 Drawing Window

The height of the riverbank above river stage can be specified by entering the percentage
in the appropriate fiel dithedEfaulvaueiss0o). @ % abov

SCALE BAR

The user may select whether to activate (checked) or deactivate (unchecked) the scale

bars in the horizontal and vertical directions. The attributes of the scale bars may be set

by c¢clicking the 06é6 button the aponwars to th
Directiond or 60Show Scale Bar in Vertical Di
opens the O6Horizont al Scale Optiond or 6Vert
windows are the same as those discusseBeirtion 19.11 &Show Conceptual Model

and Labels Aread s u b § @lorizontal Bcale Optiond  a\ferdical &Scale Optiond

subsections.

DISPLAY MARGINS FIELD

The 6Top Spacedspgchbagyg) dahdubBottomasSpaced (1
percentage) fields allow the user to specify the amount of white space that should appear

at the top of the window and the bottom of the window, respectively. These numbers

should be entered as a percentagh®fwidth of the window.

VERTICAL EXAGGERATION BAR
This function allows the user to exaggerate the vertical distance in the model for better

overall clarity. Default value is+/10, which is the square root of default anisotropy
(KJKy).

Detailed Cross-Section Information

The following subsections briefly describe some details about W&vgion 5.0P crosssections
that may be of interest to the user.

Boundary Conditions

In IGW Version5.0P, crosssections use constant head values as the boundary conditions at the
terminal ends of the profile. For confined aquifer the top and bottom of the aquifer are considered
no-flow boundaries. For unconfined aquifers, the values at the top areceetstant head levels
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based upon the water table. These head values are taken from the window in which the particular
crosssection was drawn. For instance, a csmsstion drawn in the Working Area will use the

main model for its boundary conditions whéecrosssection drawn in a submodel window (see

Error! Reference sourcgeot found) will use that submodébr its boundary conditions. The exact

alues assigned to the boundary nodes are determined by linear interpolation between each node in
the parent model.

A profile model drawn within a submodel will appear in the LHP of the AE $sion
4110 at the O6Lay e mhisfistheSsarbenas d prdfilé mddeadneih the
Working Area, butwill retain the name of its parent submodel withira(wheren is a
number) following it This indicates that its boundary conditions amt associated with
the main modelbut insteadwith the submodel it is named after. For example, a pr
mo d e | drawn i n twmdow WilSlue mbidel ed 16 B rldby
default,to indicate that it is associated with Submodel 110.

If the name of a parent model is changed, it will not affect the names of any previ
defined subordinates. Only those defined dfiername change will be reflectedhei n

number will retain the correct index regardless of the associated aach&vill not reset
even in the event of subordinate models being deleted

16.6.2. Parameter Interpolation

The parameters associated with each node in a particularserissn ardaken from the parent
model. The values are assigned based on linear interpolation between each node in the parent
model.

16.6.3. Grid/Streamline Orientation

IGW Version 5.0P allows for the formulation of crossections that do not follow the grid
orientation. Also, the software treats cresections in such a way that they do not have to be
drawn along streamlines (due to the treatment of cross flow discusSedtion16.6.4.

16.6.4. Cross Flow

The profile view is an actual modetpresenting the crosection. Ay net crosdslow into the
profile slice is treated as recharge for the csmxgion, therefore maintaining an accurate
representatidii. The total crosdlow for a given cell in the parent model is evenly distributed
throughout the vertical extent of the crassxtion.

16.7. Cross-Section Window

For each crossection defined, a sepagat wi n d o w tsectiohné d ( wrfissacssftaare
assigned number) will appegeeFigure 16-1) when the model is discretize@lfapter 12). The
windows will cascade from the uppleft-handcorner of the windowcorresponding to the cross
section that appears above it in the LHP of the AE (the location of the initial windblevim the
upperleft-handcorner of the monitor)seeSection4.1.1 The spacing of existing open windows
and the required sizes of the newly opened windows affagt the initial display locan of the
newly opened windows

% This crossflow is estimated from the main model and is more accurate when the profile model is not
located near sharp gradients (such as would be present near a well).
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Right-clicking the mouse in a crosgction window opens a mefrom which the user may select
6Refreshod, 6Draw Optionbo, or OExport Dat ad. Sel
O Re eshd Shkedtetcdn ng 6éDraw OpséonidbomnpBnawt Ot iocCréo s
discussed irbection16.4 Sel ect i ng OExpor t oleapptm@dath eogtaineds t he pr
in the crosssection. The process is the same as for the main model and is desciBzedion

234(note that O6Concentr at i onséctiondatamexpart). sel ected by c

Note that the CAT Section 3.12 will function with the cursor in the crosection window the
same as it functions with the cursor in the Wor

value).

Crosssections may be presewhen performing Monte Carlo simulations. However,
crosssection solver will not function durin Monte Carlo simulations and hence 1
display window will only showthe stratigraphy of the default realization.

In IGW Version5.0P, crosssections may be presewhen modeling multiple scenario
andwhenparticles and concentration plumes asgble in the crossection windows.

Closing a crossection window simply turns off its visualization and computation. This is

sometimes desirahleas it increases Working Area visibility and decreases necessary
computational power without deleting the submodel. It can be restored at a later time (as opposed

to having to redefine it and reset ingGosattri but e:
sectiond but t HP ofarcrogsshcdon GsasSeaianl6a)t e d

165



Chapter 17 GRID BASED OPERATIONS

Before performing any GridBased Operations ilGW Version 5.0Pplease bean mind some of the
importantbasics of numerical modelirexplained below.

When the usediscretizesa model, all the conceptual features in the model are mapped on to the grid
nodes. The geometry of the grid is defined by the instire process of model discretizatiddh@pter 12).
Themodel gid in IGW Version 5.0Rs a 3D object, with rows, columns and layeks. array is a set of

values for a certain parameter in the model such that every value in the set corresponds to a particular grid
node in the model.

Figure 17-1 shows the visualization of a 3D grid for a model. A 3D array can be visualized with a number
(certain parameter value) sitting on every node of the 3D grid.

Figure 17-1 Vvisualization of a 3D grid

The arrays in the model can be categorized in two broad groups, viz., input parameter arrays and output
parameter arrays. The input parameter arrays would primarily include values for initial conditions,
boundary conditions and physical properties of thdrbgeological medium. The output arrays contain
values of parameters such as final hydraulic heads, velocities and solute concentratioBasésatid
Operations in IGW Version 5.0P allows the user to perform many operations on these arrays. The
operationgnay include addition/subtraction of arrays from each other, addition of constant values in arrays,
and multiplication of an array with a constant etc. Other operations may include saving arrays in text files,
importing and assigning arrays from text filespying array layers to Ex&e$preadsheets etc.

The usefulness of GriBased Operations can be highlighted with the following example. Suppose in a
multilayered model, the user wants to do a sensitivity analysis for the effect of change in hydraulic
conductivity on the contaminant transport. Using @sed Operations, all the user needs to do is select

the hydraulic conductivity array and multiptywith a desired factorhen simply run the model and see the

effect. Without Gril-Based Operations, thbugh the user can change the hydraulic conductivity by the
same desi r Eutipliér &ar Semsitivity Analy§is6 wi ndow ( RHP fSection Zones
4.1.2.4, but then the model has to léscretizedbefore it can run. In more complicated processes,
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discretizationmay take longer timeAlso, the process resets the whole model based on the conceptual
settingswhich may not be desirable in t&n situations while performing sensitivity analysis.

R

If you want to see the effect of chaifglemade (by using GriBased Operationsh any of the
listed arrays in the modeDO NOT discretizethe modeli just do one of the following fo
visualizing the effects:

1 When change is made in an input parameter array, run the mitbdeut discretization
andobserve thehange.

1 When any modification is directly made in an output parameter (e.g. Head), just
the displayto observe the change

If you discretize the model, all the changes made in model arrays usin@@sed Operation
will be undoneDiscretization will replace the values in all arrays based on the conceptual m

The Grid -Based Operationis a calculator for performing array manipulaticass mentioned abovét is
also used for preparing arrays for IGW and for other simple madely calculationsGrid-Based
Operations provide the user with a set of tools through which 3D arrays in the model can be manipulated in
a variety of waysIn IGW Version 5.0PGrid-BasedOperation tools are caolidated in the GrieBased

Operations windw (Figure 17-2). The window can be accessed by cIicking| Grid-Based Operation | 1y tton
in IGW main windowo r ¢ h o o0 sB ansge d6 Q0 pi edr a tUtilitea tend ar loymightcliclkeng
anywhere in the wor kBagedr O&peanti sabkécfrom 6GBei dopup

5 Grid-Based Operation E|
Single Array Operation Two Array Operation
Head J— Conductivity
Concentration Array]
; Clear A
Top Elevation 9 L0 AxArravl
Impot ... Battam Elevation Clear
| WVelocity+ J
Expart Velociy-v*
s VelocityZ i +
e Fecharge Aray2 B
ﬂ ity 7| |Partitoring 4 \| Una’s’:yg o
Delete Effective Porosky BT 2 BxArray2
pecific Starage
S peciic Yield _Clear |
Head Array Operation Longitudinal Dispersivity +
Transverse Dispersivity +
Capy to Calibration Head Wertical Dispersivity
Anisotropy Factor - =7 C
Make Prescribed Head Anizotropy Factor - %2 ’7 C
% Anisotropy Orientation - 00e0 El
Superimpaose Theis Anizotropy Orientation - X
Drawdown River Stage n
River Leakance 1]
River Bottom
Drain Leakance m ETER) T
Drain Bottom nassigne .
DSTARNY Array3 v
DSTARYY _Clear |
DSTARZZ
Autay Caleulatar ‘ DiStar Origntation 3 bs Apply
Create Drawdown Model ‘ I™ Apply to ingctive cells
Cancel oK

@

O- Single Array Operation area
P- Head Array Operation area

Q- Array Calculator and Create Drawdown Model buttons
R- Attributes Array List
S- Two Array Operation area

Figure 17-2 Grid-Based Operation Window
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17.1.

Attribute Array List

17.2.

In the middle of theGrid -Based Operationwindow, the attribute arrays of the model are listed.
These attributes are related to both input parameters (e.g. aquifer parameters, boundary conditions,
sources and sinks) and output results (e.g. head, velocity and concentration distributiosgrThe

al so can <create Ceaad dut a vymgleiAmay ®geratiors aread The

new arrays are appended at the end of this list. The vertical sliding tbarright of the Attribute

Array list can be used to see all arrays in the list.

Single Array Operation Area

Single Array Operation toolbox contains several buttorfer single array operation3he user
can edit, import, export, create and delete an array using these buttons. The buttons in this area
explained below:

17.2.1. Assigning Arrays

Prior to usingany single array operatiofiexcept for creating a new array) is necessary to
specify an array from the array lish which the operation will be performebo assigran array
for single array operation, the user has to first highlighdraaly from theAttributesArray List by

single mouse click, and then pre< (assign button)The selected array shows up in the
space agan be seen irigure 17-3. Edit, import, export and delete functions can now be
preformed on the assigned array.

+ Grid-Based Operation

Single Array Operation Head T
[ TopElevation | [rezz]| Conductivity

Concentration
Edit . CCear | |fgoend L
Import .. Bottom Elevation
Whalaeibtd

Flg ure 17-3 Assigning an array for single array operations

17.2.2. Editing Single Arrays

Edit ...
Clicking on th I buttonopens t he i @iagname ) @intowas shown

for the Head array ifigure 17-4. The editing tools are given on the right side in thiisdow.

Switch Array Layer field allows the user to choose the array layer for editing using the arrow
buttons. After the desired layer number comes up in the field, the user has to €liokoatton to
get the layer in the edit area.

The layer numbss in theSwitch Array Layer field are based on number of computatio
layers in the model. If a model has three geological layers, each divided into
computational layers, the field will show the numbers from 1 to 9. The layer nu
increase frontop to bottom.

To change values in the cells, the user will first select the cell(s) in the table, then type the desired
value for the selected cell(s) in tBet Value for SelectedCell§ i el d and fi &eal |y
Value for Selected Cellébutton. Thevalue typed in the field shows up in (all of) the selected

cell (s). However, for the edit eApplyChangeds t o take

button in the bottom right of the window.
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For changing values in a single cell in tiale, the user can also double click in the
and edit the value right there.

button is not active in this window.

The user also can save the curramaylayer value to Microsoft ExcBlby clicking on theSave
Current Layer to Microsoft Excel button. One click on this button will open an Exgel
spreadsheet and all values will be automatically tabulated in it. The user can then save the Excel
spreadsheet just as any other spreadsheavési in Excél.

IGW assigns its own values to the inactive cells. The User can assian a

value of his/her choice to the inactive cells in the model irriaetive | """

Cell Value area by first typing the desired value in the field and th e Tevau | [sssss
cl i cki Apgply This evValued button. Thi s reatur e 1S hel pful
especially when the user wants to process the arrayndattaer software.

5 Data Table - Head g@@
1 2 ] 4 5 5 7 2 a
1 -43 -43 -39 -39 -39 -49 -49 -4 Switch Array Laver h_ j Go
2 -43 -43 -49 -49 -49 -4 -4 -4
3 -43 -43 -4 -4 -4 43 43 -4 SetWalue for Selected Cells | |1
4 -43 -43 -4 0785 0782 0777 0773 077
] -43 -43 43 078 0.77E 0.768 0.7589 0.7 |
5] -43 -43 -43 -0.772 -0.765 -0.75 0.732 0.71
g = = i e Wl Wl WA S5 Save Current Layer to Microsoft Excel |
2 -43 -43 -49 -0.757 -0.739 -0.702 .45 -0.58
] -43 -43 -49 -0.759 -0.736 -0.B87 -0.603 0.4 Inactive Cell Walue
10 -43 -43 -49 -0.778 -0.748 -0.652 -0.656 -0.44
11 45 45 43 0806 078 1785 s 47 Apply This Value \ 953353
12 -43 -43 -49 -0.853 083 -0.784 -0.705 057
13 -43 -43 -4 0912 -0.896 0.863 0813 074
14 -43 -43 -4 -0.978 -0.965 0943 0922 QUEE]
15 -43 -43 -43 -1.047 -1.042 -1.033 -1.022 -1.01
16 -43 -43 -43 -1.114 -1.113 1111 -1.11 -1.11
17 -43 -43 -49 -1.177 -1.178 -1.18 -1.185 -1.19
18 -43 -43 -49 -1.234 -1.236 -1.241 .25 -1.26
19 -43 -43 -49 -1.284 -1.287 -1.293 -1.304 -1.31
20 -43 -43 -49 -1.327 -1.33 -1.338 -1.348 -1.36
21 -43 -43 -49 -1.364 -1.367 -1.374 -1.384 -1.28
22 -43 -43 -4 -1.3%5 -1.398 -1.404 1.414 142
23 -43 -43 -4 .42 -1.423 -1.429 1437 .44
24 -43 -43 -43 -1.44 -1.443 -1.448 -1.456 -1.46
25 FE] FE] a9 1.456 7459 3464 471 A48 Apply Changes
26 -43 -43 -43 -1.469 -1.471 -1.476 -1.482 -1.43
7 -43 -43 -49 -1.477 -1.48 -1.484 -1.451 143 & .
Exit
<] | ol |

Flg ure 17-4 Data Table window for Editing Arrays

To close the Data Table window, click tR&it button. If Apply Changeshbutton is not clicked
before clicking the Exit button, the window closes without making any change in the original
array.

|
~ | The window closes on clickinigxit without warning/asking the user whether or not he
wants toApply Changes
17.2.3. Importing Single Arrays

60pend wi ndolieking buston dhre user can browse to the location of a
saved*.txt file which contains the desired values for the selected arrétyeirspecific formatas
shown inFigure 17-5. Using the correct file format, the data from thit file can be imported
into the currerly assigned array.
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B array_tst.txt - Notepad g@f@

File Edit Format Wiew Help

[aw Grid-Based Array (30) Data File ~
Array mMame (Such as: Cond, Head
Head

Mx, MY, MZ

40 30 =
-22.3333333333333
-22.3333333333333
-22.3333333333533
-22.3333333333333
-22.3333333333533
-22.3333333333533
-22.3333333333533
-22.3333333333533
-22.3333333333333
-22.3333353353533
-22.33333333335333
-22.3333333333333
-22.3333333333333
-22.3333333333333
-22.3333333333333
-22.3333333333533
-22.33333333335333 “

Fi gure 17-5 import file format for *.txt file

The specific things to note in the format of thtxt file are given below:
1 The first and second lines in the file are text entries containing general information.

T The third lIline is also a text entry. It
be assigned. The name has to be exalcdysame as that of the assigned array in the top
field, else nothing will be will be imported into the assigned array.

1 The fourth line contains 3 text entries, NX, NY and NZ separated by commas. These
represent number of columns, rows and layers in the iadel.

1 The fifth line contains 3 numeric entries corresponding to the text entries in the fourth
line, defining the array dimensions in the X, Y and Z dimensions.

1 From sixth line onwards, the values for every cell of the array are tabulated as a single
cdumn. The first value represents the bottom left cell of the deepest layer in the model.

17.2.4. Exporting Single Arrays

Clicking the button allows the user to save the assigradttibute arrayfrom the grid

cont a

based distri but i omwindowappearédThetusettandave thefile irdd8saede As 6

location.

A valid name must be supplied as no default name is givemtext file created using this feature
is in the format explained above and can be imported back into an array usihgptire
function.

If the saved file has to be imported in an array which has a different name, tisbaugdr
first open the file in a text editor amtiangehe array name in the third line before open
the file usingmport function

17.2.5. Creating a Temporary Array

Selecting this allows the user to create a temporary array file.uSer must enter a name in the
window to the right of theCreate button and then clickhe Create button. The name of the
temporary file will appear at the bottom of thtributes Array List .
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17.3.

Create | W ........ >|

The user can create as many temporary arrays as he/she require$rititBasedOperation
window is closed and opened again in the same session, therestd array wilktill appear in
the Attributes Array List . If the model is discretize@ll temporary arrays disappeaGShallow
discretization however will not removethe temporary arrays from the list.the model is saved
and closed, and then opened again, the temporary arrays will not appeaAitritiue es Array
List.

When a temporary array is created, it only contains the 3D structure of the array. It is not
populated with anyalues. Toassign values in a temporary array, the user can either use the
Import function to upload values from a text file aise theTwo Array Operation tools. Once
populated, the temporary array can be edited using the Edit function, and can be saved in a text file
using the Export function.

Populating a temporary array fromext file will involve the following steps:

Crede the temporary array using the Create function.
Select the temporary array from tAtributes Array List

Using button, assign the temporary array to the Single Array Operation area.
Click Import and select the required file to populate the tempenaiey. Please be sure
that the array name in the text file (line 3) matches exactly with the name given to the
temporary array.

= = -4

Populating a temporary arraying the Two Array Operation tools is explained ilsection17.6

17.2.6. Deleting Temporary Arrays

Selecting this button will delete usdefined temporary arrays.

Only user defined arrays can be deletédelete is clicked while an attribute array
assignedt he message 6You can only del ete

Head Array Operation Area

The Head Array Operatiomrea is shown ifrigure 17-2. Its functions are performeohly (and
automatically)with the existing Head array. User does not need to assign or select the Head array
prior to performing these functions

Clicking on Copy to Calibration Head button assigns the values in the Head array to the
Calibration Head array.

Copy to Calibration Head

Clicking on Make Prescribed Headbutton assigrs Head array values ggescribed heath the
model This option is used when the stress on the hydradad lis not changed during the
analysis.

b ake Prescrbed Head
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Selecting this feature allows the user to simulate drawdown in the model (i.e. in a well) using the
Theis Equation. Information about this function can be found inGié Version 4.7 Reference
Manual.

Supermpoze Theis

Drawdown
17.4. Array Calculator
Cl i c ki n dArrag galculaboed bufton opens an Array Calculator interfags shown in
Figure 17-6.
Array Calculataor ...
This interface is notully functional inIGW Version 5.0PThe operations/buttons shown on this
interface will become functional in later versiond@t.
3 Array Calculator @
| i)
Sin Coz Tan CE Fick & drray...
=l Sar 1/ BS Save bz Aray...
xo2 =3 = / iew Graph...
7 2 g *
4 5 B - | APPLY
1 2 3 +
+/- N . = Exit
Figure 17-6 Array Calculator Interface i not functional in IGW Version 5.0P
17.5. Drawdown Model

In many groundwater modeling situationse tuser may need to analyze the drawdown caused by
pumping, recharge or river staghangesetc. Create Drawdown Model button makestivery
convenientto calculatenet changen the system due tohangein any of the above mentioned
stresses, without having to run the mosigpatratelffor pre and post conditions and then doing
the difference to finghe net change.

Create Drawdown tModel ..

In IGW Version 5.0Pcreating a drawdown model option is only applicable for sif
layered confined aquifer systems
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17.6.

Selecting this buttompensCalculate Drawdown window shown inFigure 17-7. The window

gives the usethe options for selecting boundary conditions for the drawdown model.

%3 Calculate Drawdown Q@g|

"Initialize" Arays to Compute Met Drawdawn

| Prezcnbed Head Boundary Condition

Mo Flowe Boundary Condition

Flux Boundary Condition

(]

Figure 17-7 calculating Drawdown

When user clicks on eithaf thefirst two (Prescribed Head or Ntow) boundary conditions, a

message pops up, cautioni

ng

t he

user

t hat

changebd. By c | i ¢ kmessggepdmsYup.sThe, uset hag then Dum rihe dnodel
(without discretization). After running the model the Head array is updated to tueavetddown
in the model and can be observed/saved using theBagdd Operations. The drawdowesults
can also be visualized in the Working Area using the display opfidresusercan experiment
with different boundary types to observe their impact on the calculated drawdown.

boundaries

Flux Boundary Condition is not available iBW Version 5.0Ro calculate drawdown
However, the user can select Recharge array fromAttréoutes Array List and add
recharge flux at the boundaries equal to the required boundarytdloreate flux

Two Array Operations Tools

6redi

Two Array Operation ar ea i s hi gBlsieglhtQepderian i @@rsibiguwi ndow s ho
17-2. The left half of this area contains thperationaltools while the right half only shows the

general formula of operation(s). The formidaeproduced below:

Arrayl® A+ Array23 B+C = Array3
where:

Arrayl, Array2andArray 3 could be any arrays selected from &t&ibutes Array List

A, B andC are any real numberBefault values foA = 1, whileB =0 andC = 0.

Using the above formula, the Tuiaray Operation can be used to perform many operations.

From the examples given below, the user can get a fair idea of how to implement a Two Array
Operation. The formula for the operation is simple and the interface is quite intuitive. The user can
selet arrays from the Attributes Array List and assign them in the appropriate fields
corresponding toArrayl, Array2 and Array3. The user can also enter the desired values of

constant#\, B andC. To complete any operation, user must click button.

17.6.1. Copying Values from one Array to Another

If theuser wants to copy, for example, values frameexisting array(say, Head array) to an other
existing array (say, Calibration Head array), it can be done as follows:
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1 Select the Head Array fromttributes Array List anduse button to assign it
asArraylin theTwo Array Operation area. Do not change the valuefof
1 Do not assign any array Asray?2.

Select&Calibration Headarray from the Attributes Array List and usethe
button to assign it a&rray3.

i Clickthebutton.()Doneé message wil/l pop up
operation has been completed.

This operation assigns values from Head array to Calibration étemd Figure 17-8 shows the
Two Array Operation area for the above mentioned steps.

HEound ¥ Two &rray Operation

J Top Elevation
Battann Elewvation Array] A
Welocip-y' 10
Welozity-L Clear
Recharge 4
Fartitioning -k.d +
Effective Parozity
Specific Storage Arrap2 E
Specific ield |—| 0
Longitudinal Dispersivity | 770 ¢ | Unassigned U
Tranzverze Dizperzivity
Yertical Digpersivity M
Anisatropy Factor - 2 +

Anizotropy Factor - =2

Anizotropy Orientation -+

Anizatropy Orientation - > [

River Stage ’—

River Leakance 0.0=0
River Bottom

Drain Leakance i

Drain Bottom

DSTARR Array3

DSTARYY
DSTARZZ Calibration Head |

D5tar Orignkation =5
D5 tar Orientation #2 M
Calibration Head

Apply

Flg ure 17-8 Two array operations

In order to assign values from an existing arraynea array created by th function,
the user can follow theame steps awmentionedabove In that case, the existing array will be
assigned aArrayland the newly created array will be assignedraay3.

17.6.2. Addition and Multiplication by a Constant

Say, for example, the user wantsstmulate a drought scenario lowering the recharge rate by a
constant number (0.00h/day) all over the model area. This scenario will require the a constant
number {0.001) added to thRecharge array. To do:so

Sekct@Rechargéfrom theAttributes Array List and assign it aArrayl
Enter value {0.001) forC.
Again selectRechargéfrom Attributes Array List and assign it a&rray3.

Click the __#ppl | hytton.. 6 Do n e 6 message wil/l pop up
operation has been completed.

E e

If, for example, the user wants to reduce the recharge rate to 80% of existing one. This scenario
will require the a constant number (0.80) to be multiplied by the Rgelsaray. To do so:

T Sel ect 0O Re c AtaibulgsAdrayiList canmd assigreit a&rrayl
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1 Enter value (0.8) foA.
T Again sel ect AttiResArayLigt eadd a$sigroitredrray3.
i CIickthebutton..éDoneé message wil|l pop

operation has been completed.

Figure 17-9 shows the Two Array Operation area for adding a constant to an array.

(=1

HE ound

Top Elevation
Bottom Elervation
Welmoity
Welocity-y
Welocity-2

Partitioning -.d
Effective Porogity
Specific Storage
Specific vield
Longitudinal Drizpersivity
Tranzverse Dispersivity
Wertical Dizpersivity
Anizotropy Factor - 5
Anizotropy Factor - =2
Anizatropy Orientation -
Anizotropy Orientation -+
Riwer Stage

Riwer Leakance

River Bottom

Drain Leakance

Dirain Bottom
DSTARH

DSTARYY

DSTARZZ

DiStar Orientation v
DStar Orientation #2
Calibration Head

Trwao Array Operation

Array] A
A

[P i
Clear
+
Arrayl B

............ . | Unaszigned =1

Clear

+

C

-0.00

Il
Arrapd

Clear

Apply

Flg ure 17-9 Two Array Operation i Adding constant to an array

17.6.3. Addition and Subtraction of Arrays

For adding two arrays, assign one of the array&resyl and the other aArray2. For values of
constants, ented=1, B=1 andC=0. Assign the an array agray3 which will contain the result.

Click apply.

R

To make sure that an operation is successfully performed, assign the akregyi®filed

to theSingle Array Operation area, and clicledit to see if it contains the desired resu

For subtracting one array from the other, asdign array fromwhich the other array is to be
subtracted asArrayl and theone being subtracted from the firas Array2 For values of
constants, entek=1, B=(-1) andC=0. Assign the an array asray3which will contain the result.

Click apply

R

Before performing &wo Array Operation, it is a good idea to create a new array ug

Create function. This new array can be assigned as Array3 in the operation.

17.6.4. Backing up an Array

The user can utiliz&rid-Based Operationsacking upany of theattribute arrayin the list.For
example, hytaulic head can be backed upusing the following steps
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= = =a-a -a -2

Createa temporary file namésay,head-backup) in which the hydraulic head arrawill

be copied

Highlight the temporary file namen the Attributes Array List, and assignit to the
Array3field;

Highlight theHead arrayn theAttributes Array List andassignit to theArray1 field.

The transfer of the Head array to theadbackup array is completed by selecting the
Apply button.

The user can then seldetadbackup array from theAttributes Array List and assign
it to theSingle Array Operation area.

Using theExport function, the user can save theadbackup array in a file.

In order to implement the changes in grid bagsetations, there is no need to discret
the model. It is important tonderstandthat all changes related to the gbdsed
operations will be eliminated if the user discretizes the model.

Grid-based operations are very useful for sensitivity analysis. In order to obser|
effect of a parameter (e.g. hydraulic conductivity) on the groundwater model, the
recommended to perform array operations on that particular parameterthdyilere
keeping the other parameters constant.
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Chapter 18 STOCHASTIC MODELING

IGW offers the ability to perform stochastic modeling. Stochastic modeling is a way to examine the many
possibilities of heterogeneity that share the sayeestatistical structure. Using specified statistical
parameters, possible aquifer formations are randomly generated and solutions obtained for each.

Number of realizations generated istachastianodeling process is one of the key factors to make better

estimates of probability distribution of various modeling out comes. The larger the number of realizations,

the better the probability estimates would get. Taking full advantage of computingyaitiwera network

IGW Version 5.0Rgives the user the option/capability to simultaneously employ all (or a number of)
machines and/ or processors availabl e i n Pagmllelnet wor k.
computing features aGW Version 5.B are discussed in detail Bection18.7.

The following sections discusid implementation and methodology associated WW stochastic
modeling.

18.1. Prerequisites

In order to perform meaningful stochastic modeling, there needs to be at least one model
parameter that has been defined either as:

1) A random field (associated with a zdndefined in theAE), or as

2) A set of scatter points (associated with a zone) with simulation selected to define the random
field. When scatter points are used to define a random field, the user has the option to
perform conditional or unconditional simulations (pleaseSzaion18.4)

A greater number of parameters can be associated with scatter points (as many a
defined for a zone). Scatter point implementation is discussgddtion7.7 andChapter
20.

When either of the aforementioned settings is implemented for a parameter, the software will be
able to generate any number of statistically equivalent random field formations for each. This is
the basis for single realization and Monte Carlo stochastitefing.

18.2. Setting up a Parameter for Stochastic Simulation

Currently, random fields can only be specified for hydraulic conductivity. Random
for effective porosity, the partition coefficient, and recharge will be developed in
versions olGW. These are discussed in the appropriate subsecti@ection7.6.1

Follow these steps to setup a parameter as random field:

1 Select the zone within which there exists a random field i.e., hydraulic conductivity;

T Open O Prypeirali eAEindow;b i n the

T Check the o6Conductivityo b ox and enter t he
placeholder;
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& Attributes Explorer [ @ |
todel Explorer l Hierarchy Tree ] s

Layer 1 Zone 1001
zZ 1001 Physical Biochemical Aquifer Sources and | Scatter Point LA
g{pone 1001 Properties Properties Elewations Sinks Control Calibration Data
Bl 108 Pa| _
¢ Cond -»239 P~ Hydraulic Conductivity Malecular Diffusion

§ StanHead -»>17 [¥ Conductivity 50 ™ D W

i TopE 107 P

{'J‘j Fone 1002 Iv Random ... ™ Do W
. .

PO T 1002 — e ] —_ = 1

T Check the box before the O6Randomdé ftistton and
will openthe 6 Opti on of Urdoann dFiiteil odn a(l AsRlown)ind wi ndow
Figure 18-1. Here, the user can specify correlation scales (LambdaX, LambdaY etc.),
theoretical variance, rotaticangle and nugget. The user can also select the algorithm and
mo d e | type to generate random field. Click
selections have been made and required values entered.

,;a'} Option of Unconditional Random Field [Attr.) (=3
Scalel|Scale 2
N | i |
o Spectral Algonthm
" Seguential Gauszzian Simulation Lambda: |100
~ Lambday: (100
@) LambdaZ: |5
" LU Decompogition Slgorithm Seed: |BETHEEIN
£ Simulated Annealing Theoretical variance: |0
rodel :
Thearetical mear: [
Anizotropic: |zotropic:
v Bel £ lhite Angle(Rotate Around Z): 30
(™ Exponential £ Mizellt Angle(Rotate Around =): (0
™ Mizel-B Angle(Rotate Around T [
MNugget: |0.01
0K | Cancel |

Figure 18-1 option of Unconditional Random Field (Attr.) window

Going through the above stepdl set uphydraulic conductivity for stochastic simulations. To run

the stochastic model, the useorl vweirl ISeditd crgestdi zaes tel
in the next section.

18.3. Solver Settings

The Stochastic Modeltab of the Solver Settings window (Figure 13-7) is the
interface used to activate stochastic modelihgan be accessed throughN u me r
Solver Setting6 b Stochastic Medaltdb. Tbd uiser kay sepct
the modeling method as eith®ingle Realizationor Monte Carlo Simulations.

The model must be discretized before selecting the solver setting.

178



18.3.1. Select Simulation Methods

In this area, the user selects the stochastideling method. Available methods are discussed in
the following subsections.

SINGLE REALIZATION

This is the default selection. When this is selected, the software operates in one of two ways. If
no parameters are defined statistically (as describ&bation18.1), the software will operate in

mean (deterministic) mode. However, if one or more parameters have been assigned a random
field or determined from a scatter point based simulation, then the software will operate in single
realization mode.

In single realization mode, the software generates only one model realization. In this realization,
each statistically defined parameter is assigned an independent random variable field instead of
being assigned a spatially averaged value (as would matleein mean mode). Note that there is

no difference in software interface or function to distinguish the modes from each other and that
the specialized stochastic displays discusse&tkition18.5are not applicable to this mode.

MONTE CARLO SIMULATIONS

The Monte Carlo mode is an extensiontbé single realization mode. If this method is selected,

the software sequentially generates any number of model atatig that are statistically
equivalent. Based on these multiple realizations, the user may examine a variety of parameters
(related to the entire set) such as probabilities, mean values, and correlations of solution
parameters through the advanced sastic modeling display options discussedettion18.5

Clicking the __Optens | pyytton opposite tdMonte Carlo Simulations i nModel 1: Solver
Settingd window (Figure 13-7) opens theMonte Carlo Simulation Settings window (Figure

182).
3y Monte Carlo Simulation Settings @

Initialization Settings

[ Initialize flow for each realization
v Initialize plume for each realization

[ Initiglize particles for each realization

Simulation Termination Criterion
[ Stop at {000 realizations

Apply These MCS Solver Settings To Entire Model Hierarchy |

Cancel Ok, |

Flg ure 18-2 Monte Carlo Simulation Window

Clicking the OK button closes the window and sets the changes in the software. Clizkicg!
closes the window and ignores any chandgether options in this window are discussesl a
follows:

INITIALIZATION SETTINGS
These options allow the user to manually initialize any combination of the plume, flow or
particles for each realization.

SIMULATION TERMINATION CRITERION FIELD
In this field the user may specify the total number of model realizations to be generated
and solved. This field is only active when tifstop atbbox (see below) is checked. If
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unspecified, the software will continue to generate and solve model real&zantil it is
stopped by the user.

0STOP ATH6 CHECK BOX

Checking this box specifies the software to terminate the Monte C
simulation process when the number of realizations specified in ||(E4]I[4
Realizationsfield is reachedWhen the box is unchecketihe software will A
keep generating realizations until the Stop/Pause Model button is pressed.

APPLY THESE MCS SOLVER SETTINGS TO ENTIRE MODEL HIERARCHY
This feature will only work with models having multiple layers. Clicking the button will
allow thesoftware to apply all settings entered, for all layers in the model.

18.3.2. Running Monte Carlo Simulations

After selecting the desired simul at i iModellsetti ngs,
Solver Setting®window (Figure 13-7). This will set the model to run in stochastic mode.

User can start t he Mont e Carl c
For war dé Bbimulatioosnwill stdphwden the specified number a;g> \@
simulations in the 6Stop Ato I

6Pause/ Stop6 button.

All model features should be added before running the mq B= ®|

This is because the Monte Cadonulation is based on multipl

statistical realizations of the same conceptual model, and ther

no changes should be made to the model during the stocl

modeling processIGW Version 5.0Pprotects against this b

disabling most of the buttons @he Button PaletteF{gure 18-3)

as soon as the model is set into stochastic mode.

If changes need to be made to the model, the user will firsttha

. o S [E]

return the model solver to single realization. This is done Hvaq

clicking theNumerical Solver Settingsbutton to open th&olver 24 a4

window (Figure 184) then selecting Single Realization

Simulation, and then clicking th&K button.
ke u V1B W
Time Step (DT
B4
F‘DWTImEday
Flume Time:
[ ]
Particle Time:
Plume Step: 1/2DT |+
Patticle Step: 1/207 =
Visual Step 10T (=
D/ # |
= T <
L BSEN

Flg ure 18-3 Buttons Palette during stochastic simulation mode
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18.4.

3 Solver g|

Select Modeling Methods

f* Single Realization Simulatior

" Monte Carla Simulations [ Parallel

2 T
oK Cancel

Figure 18-4 Solver Window

message appears to warn theruse

.
y Changing solver ta single realization will cause MCS reset and related results eliminated. Do you wank to contbinue?

Mo

Getting out of Monte Carlo Simulations modél discard all the results of the previol
Monte Carlo simulationAs soon as the user clicks OK in the Solver window, a war

Once the model is out of Monte Carlo simulation mode, changes can be made and then Monte

Carlo simulation reinitialized.

Conditional and Unconditional Simulations

Statistical parameters for the random field can be inferred from data. The data is generally
available at specific point locations and cgither be entered in the model as scatter points
(Section 7.7) or directly imported from GIS filesSgction 22.5. Please also refer tSection
7.7.6.2and Sections 20.3.2.3and 20.3.2.4for unconditional and conditional simulations as a

means of interpolation of data.

18.4.1. Unconditional Stochastic Simulations

An unconditional simulation is one in which the simulated field is not constrained to pass through
the (known) data points, but honoring the covariance of the variogram (instead of the explicit data
values).The Unconditional Simulation procedure generates spatiallycorrelated random field

based on sample statistical parameters. This procedure will generate new values for the locations

corresponding to the measured values.

Unconditional simulations are similar to the one explained in Set8d except that instead of

the wuser entering the statistical

par ameters

window, the software automatically calculates andigns these parameters from the data

available at scatter points

To perform unconditional simulations, follow these steps:

1 Select the zone within which scatter points are added with random data attribute, i.e,

hydraulic conductivity;
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1 Open the AE windovand right click on the selected zoaen d c | i c k

6 Swi

t ch

the scatter points appear as shown on the right (if AE window already show the point in

this format then this step is not required).
tadel Explorer 1 Hierarchy Tree ] <

EIE Layer 1 -
-4 Zones 1001
1001
BotE > 106 Paint(z)
Cond --» 239 Paint(s]
StartHead --»133 Paint(z]
TopE -3107 Paint(z)

Sel ect-- o@Poidnt (s) 6

The corresponding RHP will appear in the AE as showfigare 20-11

Check the oO6Unconhutttiomadnd&i cnud as e o ahe
list.

I n the
60pti ondgsoclickedit ttcdhre 60 Random Fi eFlgade 18 will
appear. Here the user can manually spestéistical parameters.

f I'n the oO6Variogram Model 6 ar ea, i f ol

m

= E ]

6Si

O0Vari ogr@Us eMo dep éc isaaiesatand ithien tthie o n

ons?©o

nfer

mu |

buttoni s cl i ckedr amé e Rigu dd87jwill(appear. Here the user can
select/built a variogram model based on data. When satistifed with variogram model,
click OK. Statistical parameters of the variogram model are automatically assigned to the
unconditional simulatiorPlease refer t&ection20.4for moreon variogram modeling.

Before running theunconditional simulationdiscretize the model antthen follow the

procedure given ibection18.2.

,;a'j Attributes Explorer

todel Explarer l Hierarchy Tree I 2

Main todel--> Cond--» 239 [pts]

Layer 1

P Zomes 1007
Exploratary Analysis. .

=l @ =S

| Remave Attibute ‘ Outlier Analysis. .. ‘

&£ Zane 1001

| Export Attribute | ¥ UselLogScale

BoltE ->106 Po|
T = = Show Attributes
StartHead --» 17
: TopE ->107 P [~ Redgression
A Zone 1002 & Lieep
A Zone 1003 - (+ Globg
4P Zone 1004 " Bilinear: o
AP Zone 1005 ™ Quadratic:
AP Zone 1006
4L Zone 1007
g ZE:: 1008 [w Interpolation / Simulation
{P Zang 1003 " Interpolation Method
L Zone 1010
g Fane 1011 |Inverse Distance J
A Zone 1012 - } }
P Zone 1013 * Unconditional Simulation
P Zone 1014 (™ Conditional Simulation
AP Zone 1015
4P Zone 1016 Simulation Methods
g Zone 1017 & Spectral
A Zone 1018 =

(™ Sequential Gauszian

4 I

™ Tuming Bands

" Biguadratic:

 Moare ..

Variogram
Model area

| reqression; Uze all points

regression: Use |5 nearest points

.

Mo, of Hearest Pointz: 110

Exponent:

o Ordinary
" Multizcale
" Hierarchical

Direct inveerzion
{* Conjugate gradient

" LU Decomposition
Wariogram Model

T 1 " Uzer specified
. " Sequential Indicator Upnohn
Unconditional o) Wi
; : asaw " LU Decomposition 9 Vet
simulation M Zor i Q@ lep im e (" Cowarance
sz! (™ Simulated Annealing Edit...
........ e
4 1nr 2
[ - ptions for unconditional simulation
Figure 18-5 o} f ditional simul
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@ Random Field Options (3w

bl odel

Anizatropic: | zotrapic: Lambdax
o Bell = whittle

" Exponential " Mizell-&
" Mizell-B Lambdas

Lambday’

l_mi
hﬂi
hﬂi
Seed: lm
Variance: I'Ii
Mean: [0
li
lﬂi
li
lzi

Block average Angle:

f* Mo i~ Yes [Fotate Around £
Andle:

[Fatate Around =]
Angle:

[Ratate Around ]

MNugget: |20

Cancel kare an Kriging ...

Figure 18-6 Random Field Options window

3 Variogram (=3
E xperimental W ariogram Theoretical Model
Tupes (¥ lsotropic Model Functions IPEpEEER
( ‘ariogram ™ 2D Arisotropic " Spherical Distimcs [:'F"s-l' T T
= " 30 Anisotropic . I
2 {* Exponential [ Mugget —r— 14
Parameters G . 7 R —— W &
Influence A adius ——r—— |EBER.77 aussian g ' :
i =, 0.76
Mumber of Lags r— |10. £ Power B Vermes
[+ Slope L 0.9009
" Customize
[ Exponent ~ |0.09052
Yariogram Open Multizcale window ..
07 *
* o & #* *
05 -
*
Display Options 0.5
Direction?: [ Espenmental [V Modsl
. 0.4 Dirl
Direction2: [ r * Expl
Direction3: [~ m 03
E
0.2
*
Preview BestFit ™ Automatic fiting 0 Enlarge ... |
& Manual fiting 0 1000 2000 3000 4000 5000 E000 7000 Details
Cancel Lag Distance M eter =
Drefinition ...
ox r Dsren.. |

Figure 18-7 variogram window

18.4.2. Conditional Stochastic Simulation

A conditional simulation is the one in which simulated field is forced to pass through known data
points. This honors both the data and the statistics. Qdmalitional Simulation procedure
generates a spatialborrelated random field based on sampleistiedl parameters. This
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procedure is similar to thenconditional Simulation method, except the values for the locations
corresponding to the measured values are held equal to those values when the field is generated.

There are two options available letSimulation Methods area when this procedure is selected:

1) Spectral Algorithm (the default), and
2) Sequential Gaussian Simulation

18.5. Display Options/Monitoring

There are a number of displagd monitoringoptions that are available with respect taktstic
modelingin IGW Version 5.0P These options allow the user to visualize +#t@ak stochastic
simulations and results as the simulations go. The optionsdisoeissed in the following
subsections.

18.5.1. Main Model Display Options

After desired stochastic modeling mode has been selecte@ds@en18.3), clicking

the Set Display Optionsbutton opens the display settings for the main motietse lﬁ
options are exactly the same as discusseseition19.1 Theseoptionsapply to the
model display in the main Working Areal@W Version 5.0fnterface.

—

The user should note that whehe display options are accessed in Monte Carlo Simulations
mode, thedMonte Carlo Simulation Result® areabecomes activeThis area has two buttons,

vi z ., 6Means and Var i aaschoen irBigure 488d6 ReRd a lziaz a toinesnésH
button is not active ilGW Version 5.0P 6 Me an s a n Huttov ssdiscuasedn thesnéxd
section
*% Display Options for Model 1 E|
Fieference Maps Dizplay Sequence [ top to bottom |
lv Bazemap [~ Model Gnd Particles
- Welocity
v GIS Mapping Layer GIS Mapping Layer /
|v Horizontal Scale Bar FPlume
] Basemap
Iv ‘ertical Scale Bar Head
Conductiviby
Conceptual Features and Texts x
[v Polygonz Iv Submodel polygon
|v Scatter Points
v wiellz v Testz
v Puolylinesz [~ Seeptrea
Simulation Inputz and Results
v Head [v Particles
v Welocity .. [v Conc
[v Input Data ... -
kMonte Carlo Simulation Results [v Use model level display option
r Meanz and Wariances ... | ™ Show Treemap
l_ | Cancel
[ Saolution Statuz and Murnber of Iterations

Fig ure 18-8 Display Options for Monte Carlo Simulations
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18.5.2. Stochastic Display Options

Stochastic simulations itGW Version 5.0Rallow user to observe statistical nature of various
processess the realizations go. The user can observe mean spatial patterns of processes in the
model areas. The user can also observe specific procssekected points (maaring bores)
andacrossselected linear objects (polylines).

R

It is a good idea to set all the display options before starting the N @
Carlo simulations, i.e., before running the modébwever, the user ca

also pause the simulations any time and set/reset the display options.

18.5.2.1. Observing Spatial Processes

Bychecking the box to the | ef tDispdy Ogiitné ans and

window inFigure 188and <c¢cl i cki ng at MG@SHVeanb&Marianced open s
window as shown ifrigure 18-9.

The specific parameters that are available in this window are set in part
on the selections made in tBelect Model Parametersarea on thé&tochastic
Model layer on theSolver Enginewindow (seeChapter 13).

A check mark indicates that visualization is activated for that specific parameter. The
user may select or deselect these as desired. By difeallt Velocity, Capture Zone,
GIS Mapping Layers, Mean Concentration, andMean Headare active.
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X]

%3 MCS Means & Variances

Drrawing Position
{

(o' Diraw in New Window

b azter/Global
(o Master Machine
{~ Global

| Mean Velocity
v| Capture £one
v| 315 Mapping Layers
v| Mean Concentration
it ean Head
v| tMean Conductivity
v| Concentration Y arance
Head VW ariance Edit...
K.V anance —
W Wariance Cancel
W W ariance
Wz Vanance ]S

HnSelectall

Flg ure 18-9 Vvisualizing Variance and Other Model Parameters/Results

In the Drawing Position area, the user currently may only choose to display these
parameters in a new windo®i@aw in New Window i the default).

By single c¢clicking on any of the parameters |
the parameter wild.| be highlighted. Clicking c
6Di splay Optionsd wi ndowFiduerl8l16 Ahastwingpw r a met er
allows the user to select the display configuration for the selected parameter. The
functionality of this window is explained fBection19.4.1

6Move downd and 6Move upd butiGWoMersion®.OP t hi s wi n
The selected parameters are displayed in layers. The sequencefdagers is the same

as it appears in the window (e.g. Mean Velocity is always displayed at the top, followed

by Capture Zone and so on). If some representations are hidden beneath another, the user

can deselect the top layers to see the bottom ones.

Af t er the wuser is finished with the se
wi ndow, the wuser can c¢click 60K©G, and t
for main model.

ecti or
en

I
h 0Ol
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3 Display Options -- Mean Head

[~ Zaoned [Calor filled) [~ Shaow Legend

¥ Cortoured Line
Anchar IEast vI

Caolor ...
LI - Orientatian IVerticaI vI
Thickness |1 pisels.

Type I i I
Lire Style: ISDIid ':I R Continuous — +

Contour/Color Levels |3D I~ Flatin log scale

Minimim % alue O ptions b awimum Yalue Options
" Data Limit " Data Limit

¢ Given Walue @ GivenValue

" Percent of Max " Fercent of Max

Cancel I

Fi gure 18-10isplay Options for spatial parameters

The user can start the model simulations after the display settings are done. As soon as
the first realization is complete, the model display also appears in a separate window
c al | eMLCS FidideStatsticowindowas shown irFigure 1811

4 > s
[} \ : e e
3 5=
3 o & sy S
» ‘ rate |
- e
» 2. 4
. = e
S B ===
1
| e
‘ -
Hest
D X w v
. i
Pance T S o' |
o .
Pame S 1207 : . et |
Putc S 1207
Vi Step 107 ‘ 1 ntog] |
DG -4 hetatyiiejoaei |
L : paa==
0] ) - 4
e 573 ' !
i 1257 4 ¥
. g |
.
s 4 -
a— P LS
Layer 1(1): Steady Fiow, 12
Time used m suneeng - 15 4655

Flg ure 18-11mcs Field Statistics window and the main model display

Thedi spl ay ilnd 6SMGS i KBite c s 6aftew everyg ealizatiors Fou pdat ed
example, inFigure 1811, the main model displays the results of &imulation whereas

the 6MCS Field Statisticsd window displays th
concentration, head and conductivéty.

Di splay in the 6MCS Field Statisticsd window

right clicking anywhere within the window anc
up menu as shown iRigure 18-12 This wildl |l ead the wuser bac
Varianced window in which wuser can select a

options Figure 18-9 andFigure 18-10).
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3/ MCS Field Statistics - Model 1-- Master Machine No. 0.

bt i ./
Figure 18-12 praw options for MCS Field Statistics window

18.5.2.2. Observing Point Processes

To observe stochastic processes at a phimtuser can define a monitoring well at that
point. IGW Version 5.0Pallows to user to observe stochastic nature of hydraulic
conductivity(InK), head(Head)and concentratiofConc)at the monitoring well location
(please alsoafer toSection9.4 for information on monitoring wells).

To observe stochastprocesses at a monitoring well, follow these steps:

(1) Define a monitoring well at the desired location of interest in the medel (
6Moni tor iSegiondv§.l 1 6 in
(2) Select he 6Monitoring Probability Distributi

M onitoring el

[~ Maritaring Head and Concentration Opfions |

|w tdanitaring Prabability Distribution

(3) Discretize the modekgeChapter 12).
4 Check the oO0Pr olssdsectiondl8d box in TPS

=% Main Madel

(5) Click ONume$etctail n gS = wpemn Stathastic tab
(Figure 137) f r o m Mbdelel : &olver Settingé wi ndow and sel e
Monte Carlo Simulationsd .

(6) Run the model.

After second realizationdModel 1 : Probability at Well xxxx6 window appearsas
shown inFigure 1813 This windowkeeps updating after every reatipa till the
simulations are stopped.
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3 Model 1:

Concentration

Probability at Well 1001

Concentration Process

BE0
[Concertration——— 1

Mean

Ave En
sig
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Realizations
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S kewnes:
K urtosis

Select a Parameter to Visuslize
K~ Head ' Conc

Show Stats on
v Master O Master+Slaves

Change Frobability Resolution |

(* Process
" FDF
" CDF
" Hstgram

Save

Fracess Curve Chaice

[v Realization [ Mean
[T Mean-Std [T Mean+5td

Wariation w/ Realization

A Graphical Display Area

B Statistical Parameter Area

C Display Options Area

Median
Mode I

| e ISt oV —|_@

Flg ure 18-13window for monitoring stochastic process at point locations (monitoring wells)

The window inFigure 18-13 can be divided into three main areas as shown. These areas

are discussed below.

GRAPHICAL DISPLAY AREA

Based on the display options selected in the Display Options area, this area shows the

selectedorocess graphicallyThe graphical representation is dynamically updated at the

end of each realizatiorRi g h't
Properti emgude 14b) whiclo isvexglained irsection14.3

anywhere in thi

STATISTICAL PARAMETERS AREA

S

ar ea

For the parameter selected (IniKlead orCong in the Display Options area, the
Statistical Parameters area displays the listed statistics for that parameter. The name of
the parameter is also displayed at the top of the darka. statistics are updated
dynamically at the end of eachatization.

Wi

These statistical parameters in this area include max, min, mean, median, mode, average
error, std deviation, skewness and kurtosis. These statistical parameters are defined in
Appendix E-Il -1 (exceptaverage errofAvg Err) andK urtosis).

Ave Err is the average error or average difference between each value in a set and the

mean.

Kurtosis is a measure that describes the tails for a given distribution. It is defined as:

kurtosis=

(N

a.,0-m

-Ds*

-3 (18.3.2.2.2)
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where N= total humber of datain a s
x =a datum in the set
m=mean of data and
s =standard deviation of data

DISPLAY OPTIONS AREA
The display options areés subdivided into more areas. These are explained below:

Select a Parameter to Visualizallows the user to choose between InK, Head or Conc.
Only one of the stochastic processes can be selected at a time.

Show Stats orallows the user to choose whetherdisplay stochastic process from the

Master machine only or include the Slaves machines as well. Master and Slave machines
are employed in parallel computing and are discuss8eédtion18.7.

Clicking on the fhengeFiebabiyfesslion |yt t on  opens the O6Subdi vi s
Mi n/ Maxd wi n d@gure 48sl4 Fhis wimdow ailows the user to choose the

resolution or number of bars for the PDF, CDF and Histogram displays for the selected

stochastic process in the Graphical Display area.

*3 Subdivisions between Min/Max g|

R e=zalution
Apply
[k 4] Q

Head / Seepage Flux 10 0k
Concentration # Solute Flux |15
Cancel

Flg ure 18-14 probability resolution for PDF, CDF and Histograms for various parameters

In the middle of the Display Options area, the user can choose to display the Phecess,
PDF, the CDF or the Histogram. Only one of these displays can be selected at a time.
Figure 18-13 shows the process for concentration. PDF, CDF and Histogram for
concentration are shown Figure 18-15. Also note that when PDF, CDF or Hstgram is
selected, theProcess Curve Choiceand Variation w/ Realization areas become
inactive.

The _3**  putton allows the user to save the data gesdrat all the realizations for
InK, Head and Conc. The data is saved in a *.dat file format. The format is explained in
Section23.6.1
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*3 Model 1: Probability at Well 1001
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*3 Model 1: Probability at Well 1001
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Figure 18-15

Process Curve Choicearea allows the user to plot the stochastic process. It also allows
to plot the dynamic display of mean value of a parameter at the end of last realization,
along with the bounds around the mean at plus and minus of one standard deviation. In
the GraphichDisplay area, one or all of the choices can be plotted simultaneously.
Figure 18-16 shows all three parameters (InK, Head and Conc) with all af grecess

curves selected simultaneously.

*y Model 1: Probability at Well 1001
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PDF, CDF and Histogram for concentration process
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Figure 18

-16
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& Master " Master+Slaves | Hstgram -~ Variation w/ Realization
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Process Curves for stochastic parameters

Variation w/ Realization area allows the user to observe the variatiddéan, standard

deviation Std) and coefficient of variationGQV) at end of each realization. Variation in
mean and standard deviation can be plotted simultaneously. Also, the same plot can

include all the curves selected in tiReocess Curve Choicearea. WhenCV box is
checked, no other curve can be seen except that GMhe the Graphical Display area.
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The choice of plots in Variation w/ Realization area are useful in determining whether or
not enough of realizations have been generated to have statistically more meaningful
modeling results. This aspect is discussed furthBertion18.7.
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Flg ure 18-17 Various displays of stochastic processes

Figure 1817 shows different plots for Conc parameter. Please note the selection of
check boxes inDisplay Optionsarea and relatinem to the curves on the plots.

18.5.2.3. Observing Fluxes Across Polylines

To observe stochastic nature of fluxes across a line, the user can define a polyline at the
desired location in the model and assign its attributes as explailssgtiion8.5.4 The

line does not have to be a straight o@W Version 5.0PRallows to user to observe
stochastic nature seepage fluxiawolute flux across the line.

To observe stochastiltixes across a polylindollow these steps:
(1) Define a polyline and set its attributes for calculating fluxes acBmxibn8.5.4).
(2) Discretize the model (s&&hapter 12).

B)Check the OProbdirl idBIldi nkeo xx(zséeRedtionp3 obabi | i
4.1.3.

= T2 Main Madel
=[] % Layer1
=] MAwells
= ][ twell 1001
055 Prabability
-1 [J& M/Palylines
= [J¢= Pline 1002
55 Probabiity
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4 Click O6Numerical == openSHehasticamfgge butt on
137) f r o Woddl h eSoléer Settingé wi ndow Bone Cale!l ect 0
Simulationsd .

(5) Run the model.

Af ter s e ¢ 0 n Modet k aRrobabiblityt at €lme xxx¥d6 wi ndow appear s
shown inFigure 18-13. This window keeps updating after every realization till the
simulations are stopped.

'y Model 1: Probability at Pline 1003

5 Fl
Seepage Flus Process Pepags T

1300 Max

1600

%1400 Mean  [1056 76 [ 3/day]
%1299 Median |96, 262 [ 3/day] e

I gmuu Mode |01 F7 [ 33

- AveEn |100 5[5

e @ @ m @ am i qg |19

Reslizations Skewnssd D21219 [T 370

Kurtosis

Select a Parameter to Visualize | & Process [ Prosess Curve Choice
9 TR @ SR " PDF | Realzaton [ Mean|~ MeansStd

Show Stats(aﬂnM ‘ol " COF [~ Mean-Std [~ Mean-Fealization
e b
Master asiertalaves | Hstgram | [~ Std-Realization [ Cv-Realization

Change Probability Resolution | Save ‘ e

A Graphical Display Area

B Statistical Parameter Area

C Display Options Area
Flg ure 18-18window for monitoring stochastic process at point locations (monitoring wells)

The window inFigure 18-13 can be divided into three main areas as shown. These areas
are discussed below.

GRAPHICAL DISPLAY AREA

Based on the display options selected in the Display Options area, this area shows the
selected process graphically. The graphical representation is dynamically updated at the

end of each realizatiorRi g h't anywhere in this amlea wil!l
Properti emgue 14b) whiclo isvexglained irsection14.3

STATISTICAL PARAMETERS AREA

For the paranter selected (Seepage or Sojutethe Display Options area, the Statistical
Parameters area displays the listed statistics for that parameter. The name of the
parameter is also dikgyed at the top of the area. The statistics are updated dynamically
at the end of each realization.

These statistical parameters in this area include max, min, mean, median, mode, average
error, std deviation, skewness and kurtosis. These statisticaheters are defined in
Appendix E-Il -1 (exceptaverage errorandkurtosis). Avg Err and Kurtosis are defined

in Section18.5.2.2
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DISPLAY OPTIONS AREA

The display options area is subdivided into more areas. These are explained below:

Select a Parameter to Visualizaallows the user to choose betwegeepag®r Solute
Only one of the stochastic processes can be selected at a time.

Show Stats orallows the user to choose whether to display stochastic process from the
Master machine only or include the Slaves machines as well. Master and Slave machines
are employed ingrallel computing and are discussed®action18.7.

Clicking on the

Change Probability Resolution b utt on o p ens t h e é Su b d i

Mi n/ Maxd wi n dBgure &8s19 Ehis windaw allows the user to choose the
resolution or number of bars for the PDF, CDF and Histogram displays for the selected
stochastic process in the Graphical Display area.

*3 Subdivisions between Min/Max §|

R ezolution
Ink.

Seepage Flux

Solute Flux

Cancel

11
i

Flg ure 18-19 probability resolution for PDF, CDF and Histograms for various parameters

In the middle of the Display Options area, the user can choose to display the Process, the
PDF, the CDF or the Histogram. Only one of these displays can be selected at a time.
Figure 1818 shows the process for concentration. PDF, CDF and Histogram for
concentration are shown Figure 18-20. Also note that when PDF, CDF or Hstgram is
selected, theProcess Curve Choiceand Variation w/ Realization areas become

inactive.

3 Model 1: Probability at Pline 1003
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*5 Model 1: Probability at Pline 1003
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&  MastersS1 | =T
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Changs Probabiity Resolaion | Save e e T
(" Seepage = Suolute ¢ PDF | Realization [~ Mean[™ MeanStd
ShayBEean COF I MeanStd [ Meanfealzation

g - 2|
~ PDF  |I¥ Reslzation [Foz
Total Solute Flue Skewness:

& EpE | Meansd

Figure 18-20

P
& Master O MastersSlaves | o yoroems

LChange Probability Resolution Save

PDF, CDF and Histogram for concentration process

The % putton allows the user to save the data generated in all the realizations for
Seepage and Solute. THata is saved in a *.dat file format. The format is explained in

Section23.6.2
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Process Curve Choicearea allows the user to plot the stochastic process. IaHtsos

to plot the dynamic display of mean value of a parameter at the end of last realization,
along with the bounds around the mean at plus and minus of one standard deviation. In
the Graphical Display arethesechoices can be plotted simultaneously.

The Mean-Realization, Std-Realization and CV-Realization represent variation of
mean, standard deviation and coefficient of variatiaespectively,at end of each
realization All curves in Process Curve Choice area can be plotted simultaneously except
CV-Realization. Also, once CVRealizationbox is checked, no other curve can be seen
except that of th€V-Realizationin theGraphical Display area.

The plotsof Mean-Realization, Std-Realization and CV-Realization are useful in
determining whether or noenough of realizations have been generated to have
statistically more meaningful modeling results. This aspect is discussed furSestion

18.7

Figure 1821 shows different plots foSolute flux across a polylinePlease note the
selection of check boxes iDisplay Options area and relate them to the curves on the
plots.
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Figure 18-21

Select 2 Parameter to Visualize,
(" Seepage o Solute

* Process

Show Stats on

W Mean-Realization
& Master O Master+Glaves

Various displays of solute flux stochastic process

Note that the probability results displayed these windows include all
realizations up to the present time. If only two simulations have been run
the probability results are based on those two simulations only.

18.6. Stochastic Modeling Results

This section briefly describes the results obtained for each type of stochastic simulation.
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18.7.

18.6.1.

Single Realization Simulation

In single realization mode, there are no extra interfaces to display model results. All solution data

is presented in the same fash as would be expected when operating in mean mode.

It is

important to note that a sitegrealizationis one out of an infinite number of realizatioasd
hence there is no measure of the likelihood of the given solution values being encountered.

18.6.2.

Monte Carlo Simulation

The results for Monte Carlo simulations are continuously updated. The Working Area will show

the current realization.

realizations at the specified time statell dther windows display information based on all of the
realizations generated and solved up to the present realization.

Parallel Computing

Parallelcomputingfeature oflGW Version 5.0Rallows the user to take advantage of maximum
computig resourcesvailable in a netork to perform a large number of realizatidos Monte
Carlo simulationsWithin the network, ne of the computers can act as khaster machine and
others aslaves The Master can assign separate tasks to the slave machines witrehatbiek.

18.7.1.

Prerequisites

To enable a net work for parallel computinglGW Version 5.0Popen source Message Passing
Interface (MPCH2) should be run on machines in the system which the user wants to employ for
parallel computingMPICH2 is an open source file and can be downloaded at:
http://phase.hpcc.jp/mirrors/mpi/mpich2/

Each machine should be given one of the names that appe®aradhel Hosts and Tasks
window (Figure 18-25). Currently,IGW Version 5.0Rode is customized to the&2 name (the
names ardased on the network where the software is being devélopedetup the network,
follow these steps:

(1)

()
®3)

(4)
(5)

Install MPICH2 on machines in the netwotkat you want to use for parallel

computing.

Check connections by runnignfig.exe

Map a networ Kk

of MPICH2
drSo(vree twiarhk tdhrei vnea nmea niie

supported byGW Version 5.0R0de)
PutiIGW.exe , VBMPIEXE.exe and relatedLL files toSdrive.

Save the following script, shown in , as a text file at a desired location on all
machinesThe file should be namd@&WMPI3D.txt

With this setup, any machine on the network can be used as Master/Slave.

P\ IGWMPI3D.bxt - Notepad E{(=1]3]

Elle Edit Format Yiew Help
Exe S:NIGWIDMPI_HMZ. exe
nl

wdir

hosts

cfg

mpichl

e

map

channel default
extra —-localroot
window no

Tog no

Figure 18-22 icwMPI3D text file
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http://phase.hpcc.jp/mirrors/mpi/mpich2/

18.7.2.

Starting a Parallel Computing Session

In order to staritGW Version 3P for parallel computing, the software has to start through
WMPIEXEC program. This program becomes available after MPICHZ2 is instdleedeing a
parallel computing session, the user should follow these steps:

(1) Run WMPIEXEC.exe file on the Master machiride file can be accessed from the

program menu or a desk top shortcith i s wi | |
window as shown in .
& Application I j_l
Mumber of processes m

Execute |

Break | ™ runin an separate window

Load Job I SaveJob |

Show Command I

I more options

Figure 18-23

2)Click 6Load
(3) Browse to the fildGWMPI3D.txt
4 Click

0 E x e ¢ u MRIEXEwrapgemnwindown

MPIEXEC wrapper window

Jobéb.

saved on your machine a n d
t he

cl

c k

MRIEXBEQ wrappger 6t h e

60 OK©O.

This will openIGW Version 5.0Rmain window. The user cagither create a model for Monte
Carlo Simulations in the window @&splained in previous sectigna just open a saved modet
simulations After discretizing andetting the model (including display and TPS options), the user
can enter the Monte Carlo simulation mode as explain8ddtion18.3

(5) Before hitting
window pops upKigure 18-24).

Select Maodeling Methods

" Single Realization Simulation

(¢ Monte Carla Simulations

HostMame, MumProcs

Cancel

Figure 18-24

, HostName, HumProcs

Selecting Parallel Computing option in Solver window

beitton. FheSolwex r d 6

(6) Checkboxontte | eft of
Tasks window pops up as shownFigure 18-25.

lbudton aPardllel eldsts anld
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s Parallel Hosts and Tasks @

Child Machine Option

HostHame Number of Process  Total Number of Realization

muiscale] 11 | 1000

multiscale? ‘D | 1000

multiscale3 ‘D | 1000

multiscaled ‘D | 1000

multizcaled ‘D | 1000

multiscaleb ‘D | 1000

multiscale? ‘D | 1000

multiscaled ‘D | 1000

multizcaled ‘D | 1000

stochastic ‘D | 1000

fupiter o | 1000

Howard ‘D | 1000

[~ Auto-Data Collecting and Save

500 Mum of realizations on Master for each collecting

Muwell File: name: of monitoring well probability and Statis [~ Ovenarite
PFlux File: name: of Flineflux probability and Statis [~ Dwvenarite

Field File: name of field mean and variance [~ Dwvenarite

Cancel |

Fig ure 18-25 Parallel Hosts and Tasks window

Parall el Hosts and Tasks window i s ddreahaded into
three columns. The first column contains the names of all the machines available on the network.

The second column contains the fieldsMnich user can allocate/assign number of processes each

machine will perform. The last column is humber of realizations for each process a machine will
perform.This numbemwill instruct the machine to stop after that many number of realizations

each pocess. However, if the user desires to let the slave machines continue realizations as long as

the user w&opa®, bokerns holué d Mbne Carlo Sirutatiok wirddowi n

(Figure 18-2) prior to accessing thiearallel Hosts and Taskswindow. Although a number will

still appear in the O6Tot al Number of Reali zati ons

(7) Before selecting theumber of processes to be assigned to each slave machine in the
network, get all desired slave machines in the network ready to receive jobs from the
master machine. To get them ready, follow these steps:

1 Go to each machine and open the Command Prompt.

1 Go o root directoryC: \ > and type the following:

C: \>aaa

then press Enter.

C:\ > echo off is displayed in the Command Prompt window.

Leave the window open. The machine is now ready to accept jobstHmiaster
machine

E ]

(8) Come back tdParallel Hosts and Tasls window.
(9) Enter the number of processes/jobs to be assigned to each Slave machine in the network.

By default, one job is already assigned to the Master, i.e., the main model that is running in the
machine. More number of child jobs can be assigned tcemadtleast one job is to be assigned
to every slave machine that the user wants to use for parallel computing. A zero in second column
against any machine would mean that that machine is not participating in parallel computing. This
is sometimes desirabbecause not all machines on the network can always be available/spare.

(10)Select theAuto-Data Collecting and Saveoptions for monitoring wells, polyline fluxes
and fields.Checking the AutéData Collecting and Save bax always a good idea when
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the user dsires to run simulations over a longer tifike file locations for saving the
data are setup in the S drive during the network setup stage.

(11)Click @OK6button inParallel Hosts and Tasksvindow.
12)Cl i ck O0OK®&6 button in Solver window.
(13)Cl i ck t he OwRurd 6Mddelt ofar

All machines selected in the network will start performing allocated tasiesuser will observe

IGW Version 5.0Rvindows open in each slave machine. The model simulations can be observed
in the Working Area for each job in each machine.

18.7.3. Stopping a Parallel Computing Session

The user can stop the parallel computing session by clicking the Pause/Stop button in the Master
machine. This will stop simulations in all slave machines. However, before the simulations stop, a
messageappears on the screen prompting the user to save simulations results.

If results are not saved before stopping the simulations, all the unsaved results from slaves
machines are lost.

Simulations in any slave machine can be stopped by clicking the Papskifton within the job
window of that machine.

18.7.4. Observing Simulation Results

The user can observe simulation results for parallel computing for spatial fields, monitoring wells,
and polylinesxactly the way it is done in normal simulatiasexplaied inSection18.5.2 The

only exception is that the user can now have the option to either &lstetr or Master+Slaves
opti onShowStatstn& &r ea (@il Display ©ptieng ardain Figure 18-13 and
Figure 18-18).

Some parallel computing results for Monte Carlo simulations are illustrated beélogge
illustrations also highlight the advantages of parallel computing.

Figure 18-26 showsthe Conc process and the variation of its Mean with realizations. One can see
that after 300 realizations, the Mean (blue line) is still fluctuating.

3 Model 1: Probability at Well 1001

— Concentration

Concertration Process Max  |o01670pPm ]
Mean [T7760¢fpm |
Median [102021 fppm |
pwsEn [154485[pam |
s [EEEpem |

Concentration

Realizations

Skewnesslﬂ-92325

Select a Parameter toVisualize | 5 process — Process Curve Choice

K ¢ Head Eonc—‘ ~ PDF [¥ Redlization [~ Mean

Show Stats on  CDF [~ Mean-Std [~ Mean+Std
’76 Master " Master+Slaves | Hstgram  —“ariation v/ Realization

Change Probability Rezolution | Save | W Mean 75 [T LV

Figure 18-26 Master i Process and its Mean
However, when the display i s MastertbMdstertdSlaven 6 Show S

one carsee inFigure 18-27 that the number of realizations close to 2700 and the mean is far more
stable than in just 300 realizations.
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%3 Model 1: Probability at Well 1001

concertration Process

Concentration

— Concentration

M [FoE7efem ]
Mean [1EE205[Rm ]
Median [127174[pem ]

pvsEr [151 577 fpem |

For more meaningful stochastic results, it is always a good idea to have a larger number of
realizations. The decreasing fluctuation in Mean as the number of realizations increase is a good

o 1000 2000 3000 Sid I-I a1087
Realizations
Skewnesslﬂ-90514
Select a Parameter to Visualize | @ process [ Pracess Curve Choice
Cnk ' Head Eonc—‘ ~ EDF ¥ Realization [~ Mean
Elar Slele an  CDF [~ Mean-Std [~ Mean+Std
" Master ' MastersSlaves | Hastgram  —ariation w/ Realization
Change Probability R esalution | Save | W Mean  [“i5d [0 oV
Figure 18-27 Master+Slave Process and its Mean

indication of whether or not enough of rigations have been generated. Depending on the

number of machines and processors available in a network, the speed of generation realizations
could be order of magnitude faster than would be possible on a single machine. The example

above just illustratethe point.

The user can take advantage of those machines in the system which are faster with more number

of processor by allocating them more jobs. This way, the computing power in the network can be

optimized.

When the number of realizations is lardes graphical representation of Master+Slave results can

become too cluttered and it may become difficult to observe whether or not the fluctuation in
Mean (or other parameters) has stabilized. The user can changeati® display in the
60Gr aphi galarSedichgid(52.2and18.5.2.3

t o

|l og scal

e

usi

Opt i dGectod 14.9. Comparison betweekigure 1827 and Figure 18-28 illustrates this

point.

%3 Model 1: Probability at Well 1001
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20

Concertration Process
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M [FoE7E2fem ]
Mean [1EE205[em ]
Median [127174[pem ]

Ave it |15.1 5??

Figure 18-28 Master+Slave Process and its Mean with number of realizations on log scale

1 10 100 1000 10000 Std 18.108?
Realizations
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With larger number of realization, the distribution patterns of various stochastic processes become
more discernableFigure 1829 and Figure 18-30 show the PDFs for observed heads at a
monitoring well location. One can see that using only one (Master) machine cannot create a very
clear distribution pattern as compared to parallel comguiperations.

%7 Model 1: Probability at Well 1001 CE®
oo Head PDF _MH;ad

M [2E0

0.03 o R

E e Medin [T 0]
0.0 Made IW

000 e Enr W

s JPOEER ]

- Skewnssd 02750 ]

—

Select a Parameter to Visualze |~ process = Frocess Curve Choice
Ok @ Head CDHC—‘ & FDF [~ Realization [~ Mean
"""""" [~ Mean-Std I~ Mean+5td

Show Stats on i CDF
’76 Master (" Master+Slaves |~ Hstaram  —%ariation w/ Bealization———

Change Probability Rezalution | Save | " Mean 75 [0V
Figure 18-29 Head PDF with Master
73 Model 1: Probability at well 1001 FIE&E
—Head——————————
Head POF Max |n.2a432
&0
Min  [L241 =
£
. Mean |n.25532
E 40 Median [0.26544
Ave En ID-DDED‘1

s [D0Ess

Head

Sket-\.lnnassl'ﬂ-3432E
Select a Parameter to Visualize | o~ proceoo - Frocess Cuve Choice
’_(" Ik & Head £ Conc-‘ &+ EDF [ Realization [~ Mean
Shaw Stats an  COF [~ Mean-Std [~ Mean+5td
’7(' Master & Master+Slaves |~ Hstgram =% ariation v, Bealization————
Change Probability Rezalution | Save | [~ Mean [~ 5d [~ OV
Figure 18-30 Head PDF with Master+Slaves

Finally, show thdluctuations in Coefficient of Variation for Master machine and Master+Slave.

All these examples highlight the point that in order to have more meaningful stochastic
simulations, we always need a larger number of realizations. For relatively more cogdplicat
models, it might take a very long time to complete the required number of realizations. Parallel
computing features can improve the speed of generating realizations by orders of magnitude,
depending upon the size and combined computing power of a ketwor
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%3 Model 1: Probability at Well 1001
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Figure 18-31 CV with Master

%y Model 1: Probability at Well 1001
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Change Probability B esolution | Save | [MiMean [T 8d @ 0v
Figure 18-32 CV with Master+Slaves
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Chapter 19 DISPLAY OPTIONS

IGW Version 5.0Frovides the user with a variety of options concerning the visualizatiomodgling
parametersand results in the Working Aredrhis chapter details those options.

19.1. Display Options Interface

The display optiofS ar e cont r ol | Risplay tOptions dog Model e

window (Figure 191)t hat can be ac c ®splag Optiobs builﬁ ng the 0

—

on the Button Palette (s&ection3.4). The window can also be accessedchgking

the O6Opt i onntkee RHRafdainovho d anl tie AE, or from Displaysel ecti ng

Options6  f r oDisplay me n u , or bDjsplay@p eicom 1@ i6n t he pop
right-clicking in the Working Area

The window is divided in five areas (Reference Maps, Conceptual Features and Texts, Simulation
Inputs andResults Monte Carlo Simulations and Display §aence) and some general options.
All parameters in the window are discussed in the following sections.

When the desired options have been selected,
software or O0Cancel 6 tochalgesse the window and

This window sets the visualization attributes for the main modf&ualization attributeg
submodes$ and profile moded (cross sectiog) are set in sepate windows Refer toError!
eference source not fourmhdChapter 16, respectively, for further information.

28 Display Options for Model 1 E|

Reference Maps Digplay Sequence [ top to bottom |

[v Bazemap [~ Model Grid Particles

p Welocity
] (B3 ppii Ly GIS Mapping Layer /
[ Harizontal Scale Bar Head
. Plume
[¥ “ertical Scale Bar Basemap
Conceptual Features and Texts x
[v Polygons [v Submodel palvgon
v Scatter Paints

v wiells [v Texts

v Palylines [~ SeepArea
Simulation Inputs and Results

[v Head [v Particles

v “elocity . [v Conc

v Input Data .. |—

[v Usze model lewel display option
r | [ Show Treemap
r | Cancel
[ Solution Statuz and Mumber of kerations Ok,

Figure 19-1 Drawing Options for the Main Model

% Refer toSection7.10f theIGW Version 5.0P Tutorialsdocument for examples of changing the options
in this window.
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19.2.

Reference Maps Area

In this area, the user may choose to activate or deactivate visualization for the Basemap, GIS
mapping layer, Model GridHorizontal Scale Bar and/orVertical Scale Bar, by checking the
respective boxes. By defaullodel Grid is unchecked and all ottfeatures are checked.

There are option button .. for Vertical and Horizontal scales bars in this ar€cking on

these buttons will open the respective windows for Horizontal Scale and Vertical Scale as shown
in Figure 19-2,

Scale Bar Option Scale Bar Option
Thickness ’B— Pinels Thickness ’B— Pinels
Step Width EZ=1 Step Width [Fesf ]
Origin W Ornigin W
Factar 2 Factor 2
Contour Color |:| Contour Color I:I
Contour Width l'l— Fixels Cantour Width ’1— Finels
Font Style Font Style
Digplay Unit ag m Dizplay Unit ag m
Cancel | Cancel |

Figure 19-2 Horizontal and Vertical Scale windows

Both of these windows work exactly the same walye user may adjushé Thickness (the

default is 6/ as pixels)Step Width (the number is chosen by the software as the smallest integer
that will yield at least 10 whole steps in the displa@)igin (the default value is 0.0€0 the

default unit is feet [ft]) Factor (default is 2 the factor indicates how often the distance should be
displayed on the bar 2 instructs the software to display the distance at every other step. The value
associated with the origin is never displayedolor (default is black and whité choosing a
different color will only change the black part on the scale lizmhtour Color (default is grey)

and Contour Width (the default is 1) by entering numbers in the appropriate fihdse
parameters are visually explainedFigure 19-3.

Color ———  Contour Color
(color of scale markgr (shown with red lines)

Contour Width
(width of redlines)

Step Width
(5 km)

Thickness(of scale bar)
30 0

L Origin

Figure 19-3 scale parameters with some illustrative values/attributes
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19.3.

Clicking ond-ont Styledthis button opens Font windowigure 19-4). This window pertains to
the font of the labels on the scale lving user the options to select font parameters.

Font

2)x

Eont: Fant style: Size:

|Baid

~
Bald [talic

Tahoma
B Tennessee Heavy SF
B Tennessee Light SF
Tennessee 5F

Terminal
Times LV
Effects Sample
[ Stikeout
[~ Underline AaBbYyZz
Color:
I Glack = Seiipt:
|Westem ﬂ
This iz a screen font. The closest matching printer font will be wsed for
printing.

E 0K, |
a Cancel

Flg ure 19-4 Fontwindow

Display Units are in meters by default. The user can also choose from feet, miles and kilometers.
The unit of scale is displayed with the first label on the horizontal scale bar.

Cl i

c ki

ng the 60OKO6 button wem s

discards any changes and closes the window.

Conceptual Features and Texts Area

tCHd ckh ammgg & sh ea nbdC amlc

In this area, the user may choose to activate or deactivate visualizatimmceptuafeaturesand

text.

19.3.1.

Displaying Conceptual Features in the Model Area

Conceptualfeatures in the Model Area amgresented byPolygons Scatter Points Wells,
Polylines Submodelpolygons andseep Areapolygons. User can check or uncheck the box to
display or hide any feature. Hiding any conceptual fedtutiee display options will not affect the
model resultsThe user can also add annotations in the working area and choose to display or hide
the annotated text using the Texts check box.

All conceptual features are displayed by default ex8sgp Area Clicking the options button

next toSeep Area

Wi

3

0 p e RagterntDisay Optionb

5 Pattern Display Option

Pattern Properties

Wwidh [4 pisels Color [
Pattern Choicez Dengzity

® L ® | 1 time of Giids
o a " 2times of Grids
Q + * 3times of Grids
™ Star [¥] *

Fig ure 19-5 Ppattern Display Options

asghown inFigure 19-5.
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19.4.

The seep area visualization can be used to delineate a seepage area (such as a W
a functon of time.

In the OPattern Propertiesd area, the fuasser may se
pi xel s), choose the pattern type in the O6Patternm
density of the pattean(tdhe pdafyaulnt tihse @Detnismd sy 60 f
the pattern color by clicking on the sample col ol

user subsequently selects the desired color).

19.3.2. Implementing Text into the Working Area

User can click on the Add Text button and then click once anywhere inside
Working Area to create atext fieldat that point. User can click at more than or
locations to create amany text fields in the modehfter creating aext field nothing
shows up in th&Vorking Area, however, all the text fields created by mouse clicks apprear in the
LHP of AE.

Text fieldsmay be placed in the Working Area througts e of t he 6Add \T extod but

The user can adddit text by selecting gext fieldin the LHP (seeSection4.1.1). Doing this
brings wup t heSecfiohelx)k & saRpllPe (efeet he RHP for o6Text 1
Figure 19-6.

Text 100

Fant Style .

Figure 19-6 RHP for Assigning Text in Working Area

The user may entkxdit the desired text in thiext box showing in the RHP. Font styleay be
adjusedby c | i cFkoinntg Sbthyeluadé o n Ftoowindpve This witdew isSimilar
to the one irFigure 19-4. After adding the tetx click anywhere outside thtext box and the text
will appear in the Working Area.

Once a text is visible in the Working Areanitay be sel ect eSglecb icking t
Textb button, and t bndhetect!| i cking the cut Tl.

Using theText checklincheckbox in theConceptual Features and Texarea, user can choose to
display or hide the text in the working area. By default, this box is checked.

Simulation Input and Results Area

In this area, the user may choose to activate or deactivate véstializon f or &6 Head?éd, OV
6Concentrationbd, 6Particl esbd, and o6l nput Datab.
button next to O6Head?éd, 6Vel ocityd, or 6Concentr

Optioni He a d 6, 6Vel otciidry6 ,Di ampd ayOQpp e mtyr &Otpit o rod, respe
for further refinement of the display of these features. These interfaces are discussed in the
following subsections.
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19.4.1. Head Display Options

The 6Dr aiiHe@ptdi owi n d o higuie $97s hown i n

*3 Model 1: Display Options -- Head

[~ Zoned [Color filled) [~ Show Legend
¥ Contoured Line
Anchar East -
Calor ...
alar - Orientation m
Thickness |1 pixels.
. - Type Continuous — *
Lire Stule | 5alid -
Contour/Colar Levels |30 ™
Minimurn W alue O ptions I awimum Yalue Options
T i
{* GivenValue + GivenYalue
ECH I 47403
i i

Cancel |

Fig ure 19-7 Display Options for Hydraulic Head

At the top of the window, the user may choosadtivate or deactivate visualization for contour
color fill (6Zoned (Col or filled)®), the contour
Legendd) . Note that &é6Plot in | og scaled is not &

C

When any parameter is vidizaed asZoned (color-filled), the contour associated with th
lowest value range is set to transparent This prevents the entire basemap from bg
blocked out when these parameters are visualized.

The user may further refine the contour lthé s pl ay by <c¢cl i ckiaerglickiikghe 6 Col or
on the color patch (to open the 6Colord window a
setting the |Iine thickness (in pixels) in the O6Tlt
The number of contour levelscanbe spéci ed i n the 6Contour Level sd fi

| n Mihimumd/alue Optionsé aMadimuén Value Options6 ar eas the user may
the extreme values through whi cbhatatimed(default a shoul d
setting) allows the software to ammnatically determine the value (which is displayed in the
associated fGwh\uilued aBSkbwstt hg dser to specify th
field. PeRentofMardi nag | lows t he user to specdagdy (in th
(either as a decimal or percentage, depending on the unit selected) to determine the value (based

on the maximum value determined by the software).

The wuser mu s t Ude Madel E&vél DisplayeOptiod i f c Givero
V a | o0 eR&réentof Ma xt@implement these values in the model display. If this bg
left CHECKED (which is the default setting), the display will still sa Limit option.
Please seBection19.4.7
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19.4.2. Velocity Display Options

The 6Velocity Draw OPdguiedBd window i s shown in

3 Velocity Draw Option

Options
Show Vectar Every |1 Gridz in Horizontal Direction
Show YWechor Every |‘| Gridz in Wertical Direction
b ax. Wectar Length [pixels) |3EI

[ Uze Calor Bamp
[~ Equal Wector Length

] | Cancel |

Fi gure 19-8 Display Options for Velocity Vectors

Near the top of the window, the user nzhangethe spacing of the displayed velocity vectors
(based on the grid) by adjusting the values for the horizontal and vertical directions. The default
values for each are 1.

The user may specify the length (in pixels) of the vector associated with thet vigloegy in the
mod el by entering a value in the 6Max. Vector Ler

Checking the 6Use Color Rampéd box instructs the
continuum of colors based upon the absolutaevalf the vector.

Checking the O6éEqual Vector Lengthd instructs the
6 Ma x . Vector Length (pixels)6é value. This optio
(above).

The user may adjust the colorokth vel oci ty vectors by clicking the
6Col ordé6 window and subsequently choosing the desi
when 6Use Col or Ramp6é is checked.

Clicking the 60OKG&6 butt on aqésanstte softwaree Cligkingitdieow and s
6Cancel 6 button closes the window and discards ar

19.4.3. Particle Display Options

Particle display options can be set in the AE (S=etion 10.2.1 and Section 10.2.3.
Checkinglin-checking the Particle box will display or hidestharticles in the Working Area.

19.4.4. Concentration Display Options

This window is of the sdeadftowhnhkigheadd7(tslkee 6 Dr aw Of

208



19.4.5. Input Data Display Options

This button provides access Figuel8dwhichhchhtathead Il nput &
list of other features / data that may be displayed in the Working Area. Each entry also has an
associateptionsbutton ...  used to refine its display in the Working Area.
 Input Data g]
Display Input Data
| T water Tap Elevation |
[~ Hydraulic Conductiviy | [~ Anisatrapy Factar ]
[ Aquifer TopElevation . | [~ Anisatrapy Orientation 1
[~ Aquifer Bottom Elevation | [~ River Depth |
[~ Aguifer Thickness | I RiverLeakage |
[~ Partitioning Cosfficient | |~ River Battom Elevation ]
I~ Specific Storage | I DrainConductance ]
[ Speciic Yield _ | I DrainElevation o
[~ Longitudinal Dizpersivity 4 [~ Storage Coefficent 4
[~ Transverse Dispersivity | [ Calibration Conductiviy |
[~ Effective Porosity _ | T Calbration Concentration |
[~ Recharge | I Calibration Head |
¥ Show flags
Carcel ok |

Flg ure 19-9 input Data for Visualization

The user can check all the desired parameters from this window and set their display options using
the .. button.

Whemnput Dathaaxé i s c Displak @ptons far Nodel hwindow, all the

attribut es lophtd®atdde dwiinnd otwh evi ¢ | be di Bpdletaylt i n t he \
thed nput Datbaat €on i s ¢ hec keutdData wibdow areauhcheckbdut t ons i 1
Consequently none of the attributes from this window are displayed by default in the Working

Area.

19.4.6. Solution Status and Number of lterations

The Solution Status and Number of Iterationsbox at the bottom right corner of the window
unchecked by default. @hking this box instructs the software to display more detailed message
windows concerning the solution status as the software is solving the model.

19.4.7. Use Model Level Display

dJse Model Level Display option is checked by default. When this is checked, dbntour
intervals and color ramps are calculated/assigned by the software based on maximum and
minimum values of the attributes. If user decides to use a different range of values (than the
maximum and minimum within the model solution/data) this optiast be unchecked.

19.4.8. Show Treemap

ShowTreemap is unchecked by default. This feature brings up the hierarchical structure of all the
submodels in the main model. This option is elaborat&geotion15.3
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19.5. Monte Carlo Simulation Results Area

These settings are reserved for stochastic modeling and are discusSedtion 18.3.1 By
default, these are unchecked anayedout.

19.6. Display Sequence (Top to Bottom) Area

As soon as a feature is selected for disglag. Head, Basemap etc.), / j m
appears at t h e b ohisplay ®equericgd t fhildes|ddda -1 |_* e O
shows the order (from top to bottom) in which the displayed features will be shown in the
Working Area. Items may be selected by clicking on tlaeaithen moved up (up arrow button),

or down (down arrow button)n priority, or deleted altogethdiX button). Note that certain
features (such as basemaps) may be displayed over the entire extent of the Workiagdhnas

block outother featuregsuch as head contour8y adjusting the top to bottom sequence the user
can see more in the modekar

19.7. Refreshing the Display

T h Refrésh Scree6 butt on may be used at any me to ref
Working Area. This button will not draw features that have not yet been discret

into the model.

19.8. Zooming In/Out

The 6Zoom dybetused to éentargenthemorking Area within the
mod el screen. The 6Zoom outd but (ﬂ Q be used

within the model screen
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Chapter 20 SCATTER POINT DATA PROCESSING

Scatter points are discrete points that may be associated with zochget®@ greater resolution when data
(such as bore hole logs) is available for one or more points.

Within IGW, the processing of scatter point data consists of three primary &epsratory Data
Analysis, Outlier Analysis, andinterpolation/Simulation .

The view of thdeft-handpane,LHP is where the user selects the desired statistical interpretation for the
defined scatter points. It can be accessediditt-clicking on any zone in the LHP and selecti®gitch
List from thedrop-downmenu appeard-{gure 20-1).

7. Attributes Explorer, Qlilgl
Model Explorer ] Hierarchy Tree ] ids
Laper 1 [ Zone 1001
Physical Biochemical Aguifer Sources and | Scatter Point n
{'? Zones 1001 [ Properties T Properties Elervations Sinks Contral Calibration Data
4 ool Pefresh
4 Qoo Attributes onductivity Malecular Diffusion
4 [on Delete vty [ Do
+ 080l .
+ 080 foncor. | [ D 7]
SRR Gikch List [ Dbz "2/
+ 080
+ 080 Impart Scatter Points [ Orient_xY l:l
4 pool Export Scatter Points . ™ Orient %2
4+ 020 mport wels Laocal Dizpersion
Export Wells ttion of
+ 080 EES :l [~ Long. I:I
4+ (8000000545
+ 08000000233 [ Trans. [ ]
+ 02000006354 Storage Terms [ Ve, [ ]
+ 08000005778 e
+ (15000007903 [ Specifc Yield |
-
4 (03000008504 [~ Specific Storage
+ (080000003845
+ (9000007553 [~ Soil Particle Density |:|
f Q?QFIFIQQ?@U w [~ Effective Ponosity
< *
- _Fendon |

Zone Tupe Color/Pattern Wertewes: 51 v Zone Visible

(* Active Tranzparent
A acre Al Pai
=) ] V:Liﬁ:“er el

" Inactive
Caolar ...
# D v Zone Budget™ ZE Only

" For Display
“wlidth
[ Damain Control : Show Interpolation Model |

Flg ure 20-1 scatter Points and Attributes Explorer

The LHP view differs in that the individual scatter points under a zone are replaced by entries for each
parameter beingpecifiedby the scatter points. These entries also indicate the number of scatter points that
have this particular parameter specified. Eewtry has its owmight-handpane RHP) in which the user

may specify the conditions for statistical analysis of the group of scatter points.

20.1. Exploratory Data Analysis

Prior to interpolating scatter point data, it is advisable to examine the distnilafiiioe data. This
is accomplished usinigxploratory Data Analysis. It is only possible to perform exploratory data
analysis on scatter point data at this time. It is not possible to analyze attributes associated with
polylines or polygons. Data analy is accomplished by highlighting a particular scatter point
attribute in theAttributes Explorer and selecting theExploratory Analysis button igure
20-2).
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Exploratory data
analysis

e

Highlighted scatter
point attribute

Fi gure 20-2 Exploratory Data Analysis

TheExploratory Data Analysis windows are showfrom Figure 20-3 throughFigure 20-6. It is
possibe to display the scatter point data as a histograigufe 20-3), a probability density
function PDF) plot (Figure 20-4), a cumulative density functi (CDF) plot (Figure 20-5), or an
h-scatterplot (Figure 20-6). Different types of data distribution plots are displayed by selecting
one of the tabs near the top of the wind&ig(re 20-3). The distribution statistics for the data
set are displayed along the rigtdnd side of each window. Default length and time units for all
plots are meters and days. It is currently not possible to change either unit for these plots.

In the bottom rigt-hand corner of each window are three graph parameter options that may be

entered by the user. The first optiddumber of Intervals, applies only to thélistogram, PDF,
andCDF plots.

R

It is recommended to increase the number of intervals to ammerately display th
distribution of the data set, aaving only afew large intervals may give an erroned
depiction of the data distribution.

The last two optionsScatterplot Lag h, and Scatterplot Tolerance apply only to theh-
Scatterplot. Increasing the values for either parameter may present a better depiction of the data
distribution.
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