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CHAPTER 1: INTRODUCTION

This tutorial is designed to step you through some of the basic features of the IGW software @/érsion

You will get the most out of this tutorial if you work the sections in order, and complete all of the sections within a
chapter at the same sitting. It is recommended that you use the suggested values for each step in tliéhetorial.
suggested valuemnd other appropriate comments appear in bracketed blue text. Where not specified, use default
values, default units, or bothUsing the suggested values will walk you throaghexample, providing you with

results that are intuitive, graphical and iastional. The example is very similar to a real world problem, however,
bear in mind that this example is only for illustrative purposes.

Hyperlinksare extensively used in this document arglshown ablue underlined text

You should consult the IGW s er 6 s Ma n u-ddpth ihfarmatiam ooncernirg program implementation and
functions.

For detailed information concerning technical content of the model (i.e., mathematics and theory), please consult the
IGW Version5.0PReferencéManual.

1.1. STRUCTURE OF THE TUTORIAL

This tutorial is designed to help you first setup a simple groundwater model for a given pijwbleimis described

in the next sectionthen gradually add complexity to the model and visualize model owtpet®ry ste@s yal go.

Chapters 2 will mtroduce you to thdasic interface of IGWChapters 3 to 5 will let you develop simpler
conceptuamodel for theproblem at handsetup a complete working model in IGW and visualize model simulation
outputs Chapters 6 to 8 willdt you learn and experiment with more advanced features in IGW interface. Chapter 9
will introduce particle tracking. Chapters 10 #\ill let you add complexity to the model by adding more layers,
refining aquifer dimension#troducing heterogeneityna modeling/observing contaminant concentratidizapter

15 will introduce you to mass balance. Chapter 16 will run you through advanced 3D visualization features of IGW
Chapter 17 will let you learn transient simulation. Chapter 19 will conclude tbeatutFinally, there are two
annexure at the end. The first one is a ready reference for all the buttons on IGW interface. The second one contains
a few i mportant references from the | GW User 6s Manual

1.2. THE PROBLEM AND THE AVAILABLE DATA

A small community pumps groundwater from a confined sandstone aquifer for their drinking water sdipply.
monitoring study showed that the aquifer is contaminated by TCE plnea the Boeing and Cascade sites up
gradient from the pumping well&n aerial photogaph of the area is shown in Figure 1.1.1

Although the well water is currently not contaminated, the citizens are extremely concerned since groundwater is
their exclusive source of water supply. The fact that groundwater is invisibles thake particulagt anxious and
they have been asking many questions:

1. Will the advancing plume hit the community wells? How long does it take for the plume to reach the wells?
2. Can the community still use the groundwater? Will the community pumping affect the plume m®ratio
What is the influence area of the community wells?
3. What is the area of contribution (recharge area) of the community wells?
4. How can the community develop a wellhead protection program that protects the community water supply?

A groundwater model can hesed to answer such questions. In this tutorial, we shall systematicgidly a
groundwater model to answer the questions raised by the community.

To build any model, data on aquifer properties, aquifer dimensions, sources and sinks, and concecatitiof
contaminants is required. Data from site investigations and other s@ieseslable for this site



Section AAN, as mar ked on 2H.iWe shalkeuselhiskndbther infemation mwuild i n  Fi
the model.

Note The model parameters, data and site characteristics used in thtstorial problem are for illustrative
purposes and do not represent reality.
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FIGURE 1.1.1: Map of area showing pumping well locations and contaminant plumes

1.3. CONCEPTUAL MODEL

Based on the available information, we build our conceptual model. The conceptual inthaéés aquifer
components (geological layers), sources and sinks and the boundary conditions.

Thesitehas three distinct geological layers. The top layer isdomductivity overburdenapproximately 20m thick.

This is underlain by high conductivityandstone layer, approximately 40m thick. Finally, there is a very low
conductivity layer of undifferentiated sediments under the sandstone. This layer, as shown in figure 1.1.2, pinches
outward to the surface near AN,

Other significant components of omrodel are Columbia River, Blue LakEairview Lake and pumping wells.
Conceptualization of these components along with geological layers is shown in Figure 1.2.1.
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FIGURE 1.2.1: Conceptual layers and aquifer components.

Aquifer properties and conceptualization of sources and sinks in the system are illustrated in Figure 1.2.2. Sources in
the system include annual deep percolation (recharge) and leakance from lakes. Columbia River and pumping wells
are identified as thersks in the system. However, @ahbia River can act as source if head in the aquifer drops

below the stage of the river

Contamination concentrations are visualized as plumes in the sandstorievdyen represents the main aquifer in
our conceptual modie

Boundary conditions for the north and south of the mod
in Figure 1.2.2. Boundary to the north is taken as constantdoesniary (a model boundary at which the head does
not change)equal to tie stage of the Columbia River. This approximation is based on the fact that Columbia River
is a large water body and its level will not be affected by sources and sinks in the model area. The southern
boundary is asumed to be a rfbow boundary(a bounday across which no flow can take placéhis

approximation is based on the assumption shrate thdayer of undifferentiated sedimerigery low conductivity)
pinches out to the surface, it effectively blocks any flux entering the aquifer from theraduthiadaryThe east

and west boundaries dfé model are also assumed adloa boundaries. Although the aquifer continues without a
geological feature physically separating the model area in either eastern or @iestaions the direction of the
regional flow is approximately parallel to these boundaries. If we assume there is no lateral flow across these
boundaries, these can be assumed, in the model, as no flow boundaries. However, while osidglowe should
bear in mind -fiolwkwosndaries.rOar nifow assumdionrwitl not hold true there are large

stresses close to thassundarie$ resulting in increased prediction uncertainty

Figure 1.2.2 below shows the modeling layers, boundary conditions (north and south ondgs aod sinks, and
aquifer properties.
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FIGURE 1.2.2: Conceptual components of model.

1.4. COMMENTS

Now that you have a conceptual model of the system, and a list of questions to be answered, you can build the
numerical model usinIGW 5.0Pand usehemodel simulations to answer the questidrtss tutorial will help you

learn how to build the model and how to visuatizeresults.

In the next chapter,op will start the tutorial by familiarizing yourself with IGW main window and working menus.
Following chapters will guide you throughsdep by step tutoriaghat will let you build the model and simulate
results. You will start with a simple model and add complebdtyt as you go.The tutorial will give you the

flexibility of experimenting and expling the capabilities of IGVB.0P




CHAPTER 2: STARTING AND EXPLORING IGW

This chapter will show you how to start the program, and give you an overview of the software interface. If you are
using the interactive hypertext version of this tutorial then you have already started the software and you may
continue toSection 2.2

2.1. STARTING IGW

The easiest way to start the program is to use the
Step 1: Click on the Start button, open the Programsrsgnu, then the Interactive Groundwater
submenu, and then select IGW.0P (This assumes the software has been installed
correctly and using the default paths.)

You will see a splash screen with the software credits. You can either wait 15 seconds for the screen to
expire, orOK& | b udlconme t he 6

5 About ...

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) 1997-2006 at Michigan State University

http: / Aww. egr.msu. edudigw/
System Info ...

A full-screen IGW window appears. See Figure 2.1.1
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FIGURE 2.1.1: Start up window for IGW 5.0P

The first thing you notice is the 6Tip of the Daybd
the software. Ifyouwanttdi sabl e this functi on, desel ect he 6Sh

t
window. You can also access the Frequently Asked Questions file, access the hypertext version of this
tutorial, or open the Help file by clicking the appropriate button.

You may al so access the Help file at any time by s
screen menu bar.

Step 1 Click the 6Close6 button when you are finis

The entire IGWinterfaceis now completely vible. Various portions of the screen are highlighted and
annotated in Figure 2.2.1.

The middle of the | GW window is occupied by the O6M

Screen is r &MorkimgAread . t oThssthge wher e ibutes drelblitame f eat
solutions.
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FIGURE 2.2.1: Main window for IGW 5.0P

The peach <colored rectangle below the Working Are
Di s p WAAD). The WAAD displays information concerniriige flow solution and the elapsed time

(being the maximum value of the flow time, particle time, and plume time) in the solution for the Working

Area within the Model Screen. You may click in the WAAD and subsequently type in information to
augment the dtware title for the present model state.

There is a smal/l box below the Model Infdacég\Ch. i ndi ca
This is known as the Coordinate Locator and allows the user to matypalin coordinates used to define
a feature in the model (as opposed to clicking the mouse Wdkking Ared.

Most of the lefthand portion of the window containgBatton Palette This palette provides you with one

click access to the most commonly used features in [&¥ere ever you see one of the button icons in

this document|ctrl + click] will take you to its explanation/definitolrVi ndows st andard Oh
feature is @ailable for all buttons on the palette. A bubblex briefly appears near the cursor when the

cursor is placed over a button. This bube is informing you as to the functionality of the button.

Title BarandMenu Bare x pl ai ned i n \lbs 8.2 bager SdlacuStep Adfastneent and
Time Display Interface JATDI), Working Area Display Toolsaand Cursor Activated TableCAT) are
explainal in this documenas and when these are encountered during the tutorial.




Step 2 Clicking onc&create a new projgit but t on

open a fresh working area window to start a new project

By default, IGW opens with a new project window and you may not have to use this Wwheaon

(row

- O

you open IGW
Step 3 Cl i c ki nResebtoolbdr buonstdte but t on at ¢
the cursor and allow you to selether buttons @

Bel ow the button palette is Time Step DT}

I nterfaced (SATDI ). The SAT =

computational and display adjustments. The time step (DT) (1 j

default) can be adjusted using the awd buttons next to the unit Flaw Time:

list field (day by default). The plume step, particle step, and vi

step can be set in a similar fashion, as a ratio of the DT. The Plume Time:

Time, Plume Time, and Particle Time sections display I—d

computational time for thitow, plume, and particles, respectively ot T
article Time:

Th e Wotking area display toals WDT) are located below th
SATDI. TheWDT allows the user to adjust the size and locatiot
the Working Area (and associatedVAAD) within the Model
Screen. This feature is especially useful for viewing solutions
higher resolution.

Step4: Practice using th&DT. Adjust theWorking Area
(and WAAD) so that it is centered in the Mod
Screen, and occupies the highest percentagsible

of the Model Screen.

The major portion of the rigktand side of the window is occupie
by what is known as tQAg), sho@ninr
the graphic on the right. This table will display the variable va
that exist in the model at any point the cursor is locatets more
intuitive to discuss the CAT with @working mode] so that is done

in Chapter 7.

The 6Layer Selectord is | oca
with quick access to different geological and computational la
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2.3.

COMMENTS

This chapter was designed to give you a brief overview of the IGW Version 4.7 interface and help options.
You now have the basic skills to complete the rest of the tutorial sections.

While we have not explored the functionality in any depth yet, otieeopowerful features of IGW is that

it is very intuitive. This quality helps you grasp the functionality, by its design incorporating a logical

| ayout of both the software and its i-fiiendydésgnc e . As
to help you understand the functionality better.

The following chapters will employ that intuitive quality in a series of directed steps that will culminate in
a solution to dypical groundwateproblem. When finished, you will have solved a comgesundwater
contamination problem with software you have only just begun to discover!



CHAPTER 3: SETTING UP A MODEL

Our aim in this tutorial is to begin with a very simple model gratiuallyadd complexity as wexplore IGW This
chapter will walk youthrough the basic procedures for setting up a simple model in IGWelwill develop a
simpler modeby making theollowing simplifying assumptions in the conceptual models shown in Figures 1.2.1
and 1.2.2.

1 The two geological layers can be lumped iatsingle layer.
1 Being smaller water bodies, the impact of Blue Lake and Fairview Lake on the aquifer can be ignored.
1 The only features of hydrological significance are Columbia River and pumping wells.

The simplified conceptual model is shown in Figui@(.

Deep percolation @ 10in/yr .
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v I
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Regional
Groundwater
flow direction

-50.0 m Contamination
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pinching out to surface

Impervious

Figure 3.0.0: Simplified Conceptual Model

3.1. IMPORTING A BASEMAP

The first step in defining any model is to know its associatedwear | d ¢ h ar a chegnrwithst i ¢ s .
the planview location.

Most of the procedures in defining model features will be done iibr&ing Area so let us firstimport
the aerial map in Figure 1.1ii the Working Aredo use as a basemepdefining our model features.

Step 1: Sel e c $et Doman add Register a Basemapb ut t o n ,Rowl 1p
Column 4 of the button palette.

This brings up the 6Model Scale and Basemap

10



*3 Model Scale and Basemap

(¥

Load Bazemap ‘

Please register the following
Real World Coordinates [0 0]

M0jooe i
volooen ]
Hlength[32808aft ]
¥ Length[248062[1 ]

Ok, | Cancel ‘

Step 2 Click the 6Load Basemaplbe baOpend ydiltando Wy i ing
navigate to any files within your computer.

Step 3 Browse to the |l ocation that your basemap i s

The suggested basemap is located
http://www.egr.msu.edu/hydrology/Research/software _igw_trial version.htm

I f you open a BMP, VeGdrifation af Rastdr Piet@es fwilned ow haep péear s (g
3). If you open a SHP or DXF filgo to Step7 (these files do not need to be vectorized).

Step4: Set the origin coordinates attte image lengths corresponding to the real world. At a
minimum, you should set the XLengfB800 ft] as the horizontal distance that the

basemap covers in the real world.

%3 Vectorization of Raster Pictures

(o Automatically

*Length WD
YLenath |—|:|

Mo, Pikel® Pizely Realx Realy

S | I
= I .
i | I I

ag Catcel

11


http://www.egr.msu.edu/hydrology/Research/software_igw_trial_version.htm

(Note First change the units and then input the numerical value. When yamgehunits, IGW
automatically converts the existing numerical value into the new units, as seen above when 6800 ft is
entered as the-xalue. Getting in this habit will prevent input errors when inputting data into.)JGW

Also, after changing units, ber® to delete all numbers from the numerical field. Some numbers may
be present in the field, but not visible, due to the number having many decimal places. Again, this
helps prevent data errors. TheL¥ngth will be calculated automatically, based ugfma dimensions

of the image. X0 and YO are coordinates for the left, bottom most corner of the picture. These are set
to zero as the defaylise the default values].

Step5: Click 06O0K©G.

Step6: T h &odél Scale and Basentap wi ndow becomes visible again
selected basemap as a previeldere you can also make adjustments to the scale and
coordinates for the files.

*3 Model Scale and Basemap @

Clear Basemap |

Basemap Information

File name:

C:\Program FileshInteractive Groundwater
4.7_9-27\doc\tutorial.bmp
Width: 2072.64

Height: 1620.5540935628
Ratio = Height/w/idth = 0.781879134632353

Please register the following
Real World Coordinates

x0f00e0 i
vologed i
X Length WD
Y Length WD

oK | Cancel |

(Note If you change the MLength value the picture does not distort, but the software does display
extra space as white in théorking Area)

Step7: Click 6O0OK®.

The program returns to the main screen with the desired basemap as the backghmMiking Area

12
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IGW also allows you to bring in multiple files. Simply repeat the steps above to bring in another file, and it
automatically merges with the present basem@his means that the pictures are both visible and scaled
but now become one image in the software. Therefore, if you import an incorrect picture or assign the
wrong scale, you will have to clear the entire merged basemap set. Once the basemapeis yoyadn

define areas and features that correspond to it.

DEFINING THE MODEL DOMAIN

The first step in modeling with I GW is to define a
solution will apply. We generally would like to define this zone with boundaries at places where water

does not flow through, or where the head isWm. In hydrogeology, these are known as tioeflow

boundary conditions or constant head boundary conditionsrespectively We already discussed

boundary condition$n Section 1.2( Pl ease refer t o MaBualcfdr marendetdils @& o f Us
assigning zone attributes).

The problem area is now represented by a base map in @Mé you havelecided about thenodel
boundaries/ou can definghe parent zonalong these boundaries. Having decided the model boundaries
you can proceed to Step 1.

Stepl: Cl i c kCre&itdh New Arbitrary Zone and Assign Propértyb ut t o1
atrow 2, column 2 of the button palette. g

The cursor is now initialized to add zones in the working area.

Step 2 Create a zone that corresponds to yourdatermined boundari¢s this case choogbe
entire working area] A zone is created by selecting points cyclically around the area you
wish to enclose as the zone. Click the mouse at a locatiorea@otie boundary. Move
to another location and repeat. When you have finished, dolitkethe mouse.

13
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(Note You can easily define a rectangle by holding down the shift key before clicking the mouse on
the first point and then simply moving the aurs$o the opposite end of the rectangle and clicking the
mouse agaif.

A zone is now defined that covers the entire area of the model screen. This zone will be referred to as the

6parent zoneb6. The edges of scheen, izdiatingethatthelzdne im ow a p p
selected any model i ng feature when it is O6marked6 or 0s
red).

Step3: Assign attributes for the newly defined zone. Click -

GAttribute Explore6 b ut t on hicornetdi e t || Attributes Explorer |

IGW screen to access th&ttributes ExplorerWindow (AE). Alternately, drag the
window from the lowerrighh and corner of the Wi ndov

AE isexplained in greater detail Chapter8. Even more details are given in

In the Attributes Explorer windowthelgfthhandpana Thissee t ha
corresponds to the edges of the zbighlighted with thickredline in the working area (i.e. it has been
selected)Zone 100Q is thedefault namessigned to the zone. You can edit the name by clicking once on it

and then typing any name you wish. For this tutori
is the parent zone for the model, you should assig
the bottom left of the AE windoas shown below.

14



Step 4

% Attributes Explorer. E‘E‘E|

Model Explorer 1 Hierarchy Tres | __>> |

[0 [eegee |

Origntation of
L Kufkz

[~ Specific rield
I Spesifc Storage ]

| Effective Porosity

g Project Zone 1001
& Physical Biochemical Aquifer Sources and | Scatter Paint
=2 Main Model W
"':“l BaltayZHE Properties T Properies T Elewations T Sinks T Control TCahblatlon eE
=-{P Zones 1001
b= one 1001 Hydraulic Conductivity Molecular Diffusion
[~ Conductivity l:l I D l:l
. | row [ ]
I~ KKy I D%z [
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Oriertation of I™ Orient %z
T iy Ez=]

™ Long.
™ Trone L 1]
Storage Terms I Vet [

Logal Dispersion

[

I~ Maciodspesion. |
[~ Soil Particle Density |:|

" For Display Color ... D

[¥ Domain Contral

< >
= [T
(EDR;:::E E;hrfpallerl: Wertexes: 4 v Zone Visible
. ransparent ¥
£ Inactive B f 2l Soster o

[~ Zone Budget|~

Show Interpolation Model

Perform the following steps to assign conductivity and elevation values:

a) Notice thesix (6) tdbs for Zone 100, allowing the user to define various

properties of the zone.

t he

b) Under APhylschecktheb®x opexkti ¢eoBafdteanduct i
entering a value for conductivity, make sure you have the right units sel€oted.
sekct the units, justkeep clicking on the blue unit boxuntil the desired units
[m/day] comes up. Enter the valug2(Q] in the required fieldfter the units are set.
c) Click the 6Aqui fer Elevationsoé6 tab.
d) Checkt he O6Top E khangaunits thm],andlerdex a value ¢£0].
e) Checkt he 6Bot E | ebox. Check thé adionbuttos fod Bot t o m
E | e v a(dr make sire its checked), change unit fo] and enter a value50]
in the associated field.

5, Attributes Explorer, EJ@@
Model Explorer | Hierarchy Tree | >
ot

Zone 1001

Py

= i Physical Biochemical Aquifer Sources and Scatter Point A
Main Madel v q
5 ealrliay;: Properties Properties Elevations T Sinks T Cantral Ttahbrallon Data
= 4P Zones 1001
27 one 1001 Aauifer Elevations Attribute E levations

for partially penatrating parameters

| <2 206 ]
[~ Z-Lower l—l:l

W TopElevaten [100000[n |
[ Rerdon_|

¥ Use as starting head

[~ 2 Upper

Dverlapping Elevalion Cantrol

I¥ Bottom Elewation / Thickness

@ Bottom Elevalion [10 [0 |
I _fencen. |

" Thickness ]
I~ _Fendom.._|

Zone Type Color/Pattern

& Active ’W‘ Wertenes: 4 v Zone Yisible
" Inactive i =] | @ prlerelelens
" For Display Caolar [~ Zone Budget|~

[v Domain Control

Show Interpolation Model
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ADDING RECHARGE

Recharge can be added b@ tmodel in two different ways. First, recharge can be modeled on a zone basis
by accessing the 06Sour ces AR Thdre 84 thrde §3ptabs askociabetl with on e 1
this subsection (Prescribed Head, Prescribed RElnet,HeadDependent Flux). Recharge value are entered

under the 6Prescribed Flux6 tab, in the 6Rechargebd
Zone 1001

Phyzical | Biochemical | Aquifer |Suun::es and | Scatter Point

Properties Properties Elevations Sinks Control | Calibration Data

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

¥ Hecharge |10 nchives) [~ s |

B Recharge Concentration I:I B

This method may present problems if you have more layers in the model (that you will later add as you go
with the tutorial) when trying to model precipitation recharge, due to the possibility of layers becoming dry
(and hence adversely affecting the magtdltion- a detailed description of this problem is not warranted

in this tutorial though found in the Users Manual).

A more useful method for modeling precipitation recharge is to apply recharge to tretiivstlayer.
This is presented in the follng steps. Note this process is not layaspecific and therefore does not
depend on which layer is active while performing these steps.)

Step & Sel e cAdd IDMAtribute Moded but t on. T lntalizedito
add a 3DBattribute feature. %

Step 2 Define a feature that encompasses the entire Working Area (same extent as the parent
zone).

Step 3 Access this new feature in the AE, under 063

Step 4 I n the ORechangactAwpel Yy atyer §)ibr secti on, cl i

[inch/year] and enter a valyao].

16



3.4.

*y Attributes Explorer, r

fodel Explorer I Hierarchy Tree ] b

@ Project DAt 1

- Hl i
b2 IMEEIEMDE'TI [~ Ewapatranzpiration [ Apply ta first active layer |
=& Layer

=P Zanes 1001 Maw ET freh/ved]

P Zane 1007
= Q8 0 Attibutes Depth [ 1
A0t Depth2
% ]

Fecharge [ Apply to first active layer |

[v Recharge |10 |—
[~ _Random.._ |
[~ Recharge Concentration I:I r

The software will now apply this recharge to the first active layer, over the extent of thtriBDte
feature.

ADDING A SURFACE WATER FEATURE IN THE MODEL

So far you have created the parent zone for the madsigned the dimensions of the aquifer and the
hydraulic conductivity of the aquifer. Now you will add Columbia River in the model

Step1: Cl i c kCretith kw Arbitrary Zone and Assign Propéity b ut t
cursor is now initialized to add zones in the Working Area g
Step2: In the Working Areg click the pointer on any edge of the feature you wish to define.
[Columbia Riverfor this example]

(Note If you are not using a basemap, simply click anywhere to begin defining an arbitrary Jeature.

Step3: Click the mouse at another location on the edge of the feature. Move to another location
and repeat, clicking as close to the exact tracing of the Columbia River as possible (for
precision purposes). When you have finished, dedlitk the mouse. Tryat keep the
lines as close to coinciding with the edge of the feature as possible.

17



[ S Bty
Boring

HNE

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

Step4: Access theAE to assign attributes for the newly defined Columbia River Zone:

a) Click once on t he dhdheeftHandameandeenamZione 1 0 (
as6 Col umbi a Riverd.

b) Click the 6Sources and Sinksd tab.

c) Select the type of source / sink that y [ HeadDependert Flus [Twoway] — |
would like to model. For this exampli

model the Columbia River as Head E“‘I';e’ =

are M
Dependent Fluxb y sel ec t vietland |
Dependent FIl uxoad!| |syamp

Dependent Flux (Twavay) 6 ar Fand
on the arrow next to the top field in th

) Stream
area and select €| ek

down menu (seBloteafter Step 5). Selec | ||Slough

unitfmjandtypd3]i n t he ©6S — Temine |
Step 5 Go to 6Bottom Elevationd area, chmlakd t he r a
typein[-77i n the input field. By ©enotechahgeitat 6L e ak a
thisstage Consult the | GW User 6s Mafrsouecés/ f or ex

sinks.

(Note All the names in the drop down menu in step 4(c) are for identification of features only.
Selecting any of these names will not affect modeling result. By assigning different categories to
different features in model, you will keble to differentiate them in water budget estimatibtater
budget is explained iBection16.2
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5 Attributes Explorer E|E|E|

todel Explorer l Higrarchy Tree ] 22
Emiect CD':”;bic_" F‘Ii“’e' Biochemical Auif E Poi
d! ; Wsica inchemica quifer Sources and catter Paint .
‘i‘l'galt‘:;:;j?l Properties T Properties T Elewations T Sinks T Conbral Ttahbrahon Data
= Zones 1001 = =
{p@ = oe 1001 Frezcribed Head /Conc T Prascribed Flux T Head-Dependent Flux
Caolumbia River W Head-Dependent Flux [Two-way] [ Head-Depandeant Flus [One-way)
o 3D Attributes | |
S5 30 1 | River -l
Leakance I:I
Stage |3 {+ Elewation |0.0=0
- " Same az Top Elevation
[ Concentration I:I [ Ewvapotranspiration
r Max ET [rehived]
Bottom Elevation Depth-1 I:I
{+ Canstant |-7 EI i l:l
£ Same as Surface Elevation [ General Head Dependent Flux
Leakance [~ Concentration l:l
+ Conztant |5,
Leakance
. s || || | oo [ |
Source Head I:I
5 o:ﬂ:ge E’—_|TD:::SPE::;T - Wertexes: 3 v Zone Yisible
" Inactive 3 H=s v \»"—"-I:Liilcealter Paints
" For Display Colar ... [ Zone Budget|
[ Domain Contral Show Interpolation Model |
ADDING WELL FEATURES
A wel | is simply another type of sour imectioowell si nk, C
(source). The following steps illustrate how to add a pumping well to the model. Recall that in our
conceptual model , we have two residentds wells pum
the second model layer:
Step 2 Cl i clAddtaiNevWeeld butt on, |l ocated at
palette. The cursor is now initialized to add well features to the model. o

Step 3 Bring the cursor to the approximate location where a well ibetdocated (in this
example, first, at a location between Blue Lake and Fairview Lake and then at the eastern
end of Blue Lake) and click once. A well is added at that location, appearing as a red dot.
Move the cursor to the next desired location andragick once. Another well is added
at this location. Notice that the latter well now appears as red and the former one turns
blue.

The locations of the two pumping wells just added into the model are highlighted with yellow circles
below.
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Step4:
You
Step 5
Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

.
1 S Bl {?«: =
Boemg

4 Al

.

C::-f.cmi:,

Layer 2(1): Steady Flow, Time Elapsed = 0 days (0.00 years)

Access the\E to assign attributes for the newly defined wells.

wi || see two new wells in the O6Attribute Expl
Edit well names as 6Middle Welld6 and 6East
Sel ecte OWeilddol
In the o6Well Location Aread6 enter the exact
to[m] and enter valueX = 673.0 ; Y = 957.Q]
Make sure that 6Pumpingdéd is selected in th
6l njectiond and O6Noned) .
In the O0FIl ow Rate6 area, select 6Constanto.
Change the unit field menu to the desired ufBM]. For this example, we will use the
standard GPM (gallons per minute).
Enter a val ue fiéldhof [t80].eThed(C\alues tindicate avater being

withdrawn from the well.
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3.6.

3 Attributes Explorer

todel Explorer ] Hierarchy Tree] 124
ETUiECl tiddle '#ell
__'nl ain Madel el Location C':'I':"C I
= 5 Laver 1 TR TEERD olor ...
= P Zones 1001 w [e72 ] -
£P Zone 1001 Buottam -120_29_
£ Columbia River T |87 Size |G =
=43 wiells 1001 v Usze default interval
ek iiddle wiel [v wiell visible
@] East el — Flow Rate L abel v
@ 3D Attributes HILTEIE { ¢ Contant |-80. I Label visible
24 30am 1 r
" Injection +
{ "~ Equals to I_ ¥ofQin I—_|
LA o hene [~ Head Canection
{ (e Constant I:I
€ Transiert |
+
{ " Equals to % of Conc in
* Mane
< >
tonitoring well
[~ Monitoring Head and Concentration
[ Monitoring Probability Distribution
Step 12 Sel ect O6East Well 6 in the | e[fntSteph7a anter

X=1213; Y=1066]

SAVING THE CONCEPTUAL MODEL

pane

By now we have completed the basic model structure and added various sources and sinks in the model. It
is always a good idea to save the model at this stage before discritizing and running it to prevent data loss

and the time/effort spent to build the coer

ptual features.

The mode

wi | |

You can close the model after it is saved and open in a later session of IGW. Data input and model features

can be edited in any later session.

Step 1 Click on theSawe Modelbu

Th SavéAé wi ndow appe

tton.

ar s.

=
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Save As

Savein [ 1GW Tutoral - e ®EefE-
M_\{J—;%enl
Documents
?[‘_
Desktop
iy
=
My Documents
™ File hame: |IGW Totorial 001] j Save
MyPrI\lalwmk Save as type |\ntelactwe Groundwater [*igw) ﬂ Cancel
Step 2 Surf to the location you would like to save the file.

Step 3 Type in a name
Step 4 Click the 6Saved button.

You may close the model now and oper later session, or just continue working.

3.7. SAVING THE DISPLAY AS A PICTURE

It is sometimes desirable to save the program model screen for use in presentations or reports. This section
will show you how to do that.

Step & Select thd=ile menu.

Step 2 Select O6Export Pictured on this menu.

%y Interactive Groundwater 4.7 --= C:\
a8 Modeling GIS 3D Visualization Utilities

Create Mew Model r
Qpen Model from File 4
Save Model to File 3

Import Third-Party Model »

ICture
Export Picture

Export Model Fesults

Step 3 Select the file type from the cascading soénu. (Note IGW currently only supports
BMP.

Step 4 Select a |l ocation and file name and press t

The program saves the pictdoe your future use.

Pressing the OPrint Screend button on the &keyboar
clipboard. You can subsequently edit the picture with a variety of graphics editing programs ranging from
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3.8.

the relativeilryclsudmepd ei o PWii md @ wsrfy software pagkage® sudhwas t hi r
Adobe PhotoDel uxekE.

A simple example of this technique: given a screen
key, located above the F12 button on your keyboard. Next, § nt o MS Pa-Maf whdchi wi I6
paste that image into the program. Then, use the cropping tool (row 1, column 2 of the MS Paint button

pal ette) and select the area you wish to cut and wu
and select a location in which to save your file. This image is now ready to be imported into any program!

OPENING A SAVED MODEL

To open a saved model:

Step 1 Start IGW

Step 2 Click on Open a Modebutton.

&

Step 3 Browse to the saved model location, select the saved model, and click ok.

The saved model opens in IGW Working Area.

(Note If you double click on the saved model in Windows Explorer, it vily open IGW with a blank
working areaTo open your modeyou have to follow steps 2 argd
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CHAPTER 4: OBTAINING A SOLUTION

This chapter will walk you through the basic procedures for converting a conceptual model into a numerical model
in IGW 4.7, and finding its solution.

4.1. DISCRETIZING THE MODEL

Discretizingthe model turns the conceptual model into a numerical model that the computer can solve.

Step & Cl i c kMap ihte Nuderical Mode( | ncr ement al Di
discretize the model, located at row 7,utoh 2 of the buttopalette.  Use
this step only if you do not want to change default settings.

Default setting is a model grid of 35 x 27 grid (not visible) that covers the entire Working Area.

Start from step 2 if you to set a specific grid size or grid characteristic.

Step 2 Cl i c kSettSimelatiah Grid butt on, |l ocated
button palette. anT

This brings up t hwndod&.DleefeiyouenayMoter ¢hk nuBbei ofl gections in the x

direction (NX). The computer then automatically calculates the number of cells indihectjon (NY),

and the cell dimensions DX and DY based on this number, along with dimensions of thesmaodeé e n ( 6 X
Lengthd and O6Y Lengtho). A higher grid resolutior
increase computational time. The grid resolution is left to you, as it is very dependent on the problem being
solved and the speed of tbemputer being used to solve it.

%, Define Model Grid X]

K ain Model Setting

Ad d
& Lenath EI Discretizgagﬁeﬂ phionz
' Length EI
Me<[ 5] DX [ ]
NY|3E D | |ft—| Cancel

Define nurber of computational lavers | Dizcretize / 0K

Step 3 Enter[50] in NX field. NY field will be automatically adjusted.

Step5: Click O6Discretizel OKb.

Step6: For any future adjustments or maduhpifito cat i on:
Numerical Moded butt on. Doing this wild.l only wupdat
versus having to rdiscretize the entire model, which would take a lot of unnecessary
time.

Once these steps have beempleted, the model is now ready to solve.
24



4.2.

SOLVING THE MODEL

Once the numerical model is ready, the next logical step is to solve it. (Continue only after you have
discretized your conceptual model.)

Step & Cl i c lEorwattbe bout t on, |l ocated at row E|

By default, the model is solved at steady state.

At this stage, you have a complete working model. Now you can use this model to answer the questions
raised by the community. You can also:

View the model results across any cross section(s);

Change the way the model outputs look like;

Add contamination plumes/particles and do transport modeling;

Change stresses in the model (e.g. change pumping/recharge rates) to test different scenarios; and,
Add more complexity to the model.

= =4 -8 -8 -9

The next chapters will walk you through these procedures.
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CHAPTER 5: VIEWING MODEL OUTPUTS

As soon as the model is solyelde model solution appears in the working area.

5.1. VIEWING HEAD AND VELOCITY FIELDS

Simulated groundwateheadsappear in the working aress contours and groundwater flow velocity as
arrows. The length of the arrows is proportional to the magnitude of the groundwater velocities. The
following head and velocity fields indicate the general flow direction tosv@wlumbia River and cones of
depression formed around the pumping wells. This pattern of heads and velocity is consistent with our
conceptual modedf Figure 3.0.Q.

Layer 1(1): Steady Flow, Tle Elapsed = 0 days (0.00 years)

5.2. DEFINING AND VIEWING CROSS-SECTIONS

A cross section cuts through all layers in adelptherefore it can be drawn in any layer and will show up
in all model layerqalthough for now, you have only one layer in the model, but you will see that when
more layers are added, the cross section is modified automatically) .

Crosssections carbe viewed in a nofinear fashion. Instead of just selecting a straight line sectigu
cansimply keep defining the crosction in any desired directido include points that may be of interest
For this exampleyou will start the section at A, pass it through Middle Well and finish A'ah the
working area using the following steps:

Stepl: Click theDefine a cross sectidoutton. i

The cursor is now initialized tadd a crossection in the working area.
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Step 3 Click on a point where you would like to begin your profile vi&ar this example, start
your crosssection at pralefined crossectional view near the letter A, at the top of the
view.

Step 4 Move the cursor to the Middle Well and click on the centre of the viigik will include
the well in your cross section.

Step 3 Move the cursor to the point where you would like to stop your profile view and double
click the mouse.Do this on there-defined crossectional view near A', at the bottom of
the view.

— R M A
by,
g ¥
—:l Columbia River
/N Ao
T, 2 el

iR
S i

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

Plan view of the cross section so defined appears as bold redhiroelét area

A window appe8esttonl ¥d ©0@h e-HetermiedibgthedGWhsoftwdre).r pr e

5. Cross-section, 1

The crosssection includes the stratigraphy, the velocity profile, a continuous head representation, and any
model features that the cressction intersectd.he cross section above shows Columbia River and Middle
Well. Blue dotted line shows the heprbfile, vertical black lines represent head contours and black arrows
indicate magnitude and direction of flow velocity.

The crosssection is merely a display of what has already been solved for (it is not a separate model).

Currently, IGW does noindicate any thredimensional attributes in the cressction window; so if you
define a complex crossection keep in mind what it is you are actually viewing.

You can also view the contamination plumes and particle movement if the cross sectiontsnteesec
path. When the model is running, the cresstion(s) are also updated with every visualization step.
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CHAPTER 6: CHANGING DISPLAY OPTIONS

Default settings for viewing the model output and cross sections may not always give the best visualization
especially with a basemap in the scre&his chapter will walk you through the steps and tools available in IGW to
changeand optimizedisplay settings in the model arfea better visualization

6.1. CHANGING DISPLAY IN MODEL AREA

Step & Cl i c kSettDiawing ®ptions butt on, |l ocated
button palette. lﬁ

~

The 6Di spl ay Opvindavragpeafs.o Usingvaptébreslin this @vindow, you can change the
way the model may look. You can check or uncheck various boxes to select what items you want to see on
the model. The right hand pane (Display Sequence) can be used to arrange varims ifettte model.

You can explore these options as you go. For now, you will change the appearance of head contours and

velocity fields in the 6Simulation |Inputs and Resul
*3 Display Options for Model 1 E|
R eference i aps Digplay Sequence [ top ko battam |
[v Bazemap [~ Model Grid Particles
. Head |
[v G5 Mapping Layer Velncity /
[v Horizontal Scale Bar Plume
B azemap |
v “Yertical Scale Bar G15 Mapping Layer
Conceptual Features and Tests X|
[v Polygons v Submodel palygon
[ Scatter Points
v el [v Texts
v Palylines | Seepbrea
Simulation Inputz and Results
[v Head v Particles
[v elooity . [w Conc
[v Input Data ... -

[vw lze model level display option

N |
- | Cancel
[ Solution Statuz and Mumber of Ikerations k.
Step 2 I'n the &é6Simulation I nputs L. _JdtoRengdtlof sd ar e
6Head6.

T h &odél 1: Display Optionss Hea®d wi ndow appear s.
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Step 3

Step 4

%3 Model 1: Display D ptions -- Head

[ Zoned [Calor filled) [~ Show Legend

[v Contoured Line

Calor ... | |:|
Thickness |2 pizels,

Line Style |5.;.|i.;|

Anchar E ast

Contaur/Calor Levelz |20

Minimum % alue Options bl &irnum v alue Options

seessfi ] irsesrfi |
v GivenYalue

f* Given Y alue
5.54485 D 11.6657 D
[ ]

{ i
QK | Cancel |

[ Platinlog zcale

o ]

-

Orientation Im
Type W
El

CIickthebutto. The 6Col oré window

Basic colors:

AN Il
HH TECEENR
HEENENEENENR
HNEEEEER
EEEEEEER
8 0 0 B oG I

Custom colors:

B
2 8 0 B 0 0 B

Define Custom Colors »»

Qk | Cancel |

Click on the light blue color, firth in the top row, (or any other that you feel will be

effective) then click 60K©®.

S

now
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You return to the O-Medadd i nDioswplaamyd Qptui acras
color is now to the one you chose (light blue in this case).

Step 5 In the O6Thicknessdé field, effettieey. 2 (or any o
Step 6 Click 060K©G.
You r et uDisplayOmtions foreMod@ld wi nYdbaw.can expl or e Modetle opti or

Display Options- Headd wi ndow such as I|line styl e, |l egend, num
value for contours etc. etc.

(Note If you change maximum or minimum values and/or number of contours, you have to uncheck the

6Use model l evel Disptay Opaoys fav klddeld nwidn dow ef @dre cl i cki
buttons. I f you dondét uncheck O6Use model l evel
Step 7 In the O6Simulasubbhé hbBnpat s - 1okh&kghteof but t on
60Vel oci Yelpdty Drawl®Ogtiodd wi ndow appear s.
5 Velocity Draw Option g|

Optionz

Shove Yectar Every |17 Gridz in Horizontal Direction

Show Wectar Ewery |1 Gridz in YWertical Direction

b aw. Yectar Lenagth [pisels] |20
[ Usze Color Ramp

[ Equal%ector Length -

] Cancel |

Step 8 CIickthebutton. The 6Coloré window is now o
Step 9 Click a yellow color (oranybter t hat you feel wi |1 be effec

You return to the 6Velocity Draw Optiond window. Y

Step 10 Check t he 6Equal V e C t | DisplaySequence [ top to bottom ]
Vect or Leng[R0Oha n(d i cxleKg | |Patoks

Head

button. Velocity

Flurne

Bazemap

GIS Mapping Layer

You return to O6Display Opti
@isplay Options for Modeld wi ndow you ca
Sequence (top to bottom)bé a
display br the model screen (i.e., the last item on the lis
displayed below the other items). In some cases it may be he
to adjust these settings or to remove +egeential elements. It i
left to you to experiment with these settings

X L=

=

Iv Use model level display option
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Step 11 Click the O060OK6 button.

Notice that by giving a color to the contours which more contrasting with the background gives a better
visualization of head distribution in the model. Moreover, by drawing the velocity vectors of equal length,
you can better visliae the flow filed in Layer 1, which was not very prominent in default display settings.

Display settings are universal and apply to all model layers.

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

You return to the model screen and the drawing updates have taken effect. If the settings |
taken effect (or any time you wish tefreshthe IGW screen), simply click threfresh button @

6.2. CHANGING DISPLAY FOR CROSS-SECTION

You can change the appearance of the cross section. To change appearance:

Step & Right click anywhere in the cross section window, a menu pops up.
Step 2 Click on the &éDraw Opt-SeotiondX--fDriosnp | talyi sOpiné rouw.
windows pops up.
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» Cross-section 1 -- Display Options

— Profile Properties Top Boundary of Display Bounding Box

v River | [¥ Scatter Paints I & :’_/‘L:E:II LU ¥ S | U E I
v el I % Water Table I 7~ Equal to This Yalue 98_4252E|
v Drain I [~ Inactive Area I W Equal to Max Head IF Larger

v Aguifer | v Const Head I ~Scale Bar
¥ Horizontal I W “erical ... I
Simulation Results

v Head | [~ Conductivity I — Diizplay Margin

v “elocity .. I ¥ Concentration I Top |2_ % of Window Yidth
I~ Paticles .| Battom [2 % of Windaw Wwidth

“ertical Exagaeration Factar  |3.162277EE Cancel | (] |

From this window you can explore the display options for each item by clickim button in front
oftheitem.For O0Headd and O6Velocityd options the button
chose the color and density ydur choice for the head contours and velocity arrofi can change the
6Vertical Exagger ati on Rhefeld (hottédm léftpf thishviadow)i ng t he numl

Using a vertical exaggeration factor of 5 and changing head and velocity appe#inancross section is
redrawn below.

% Cross-section 1
i
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CHAPTER 7: EXPLORING THE CURSOR ACTIVATED TABLE

This short chapter introduces you to the Cursor Activated Table (CAT), mentioBSedtion 2.2 CAT allows you
not only to see the model output at any given point inrtbdel where cursor is placed, but can also give you any

desired input data/attribute at that location.

7.1.

THE CAT INTERFACE

As mentioned earlier, the CAT occupies a major portion of the right side of the main window.

Cell Attribute Yiewer |

S EEEET] T =
IEEEN | |

Ao T Dplilzl
An B ntlilzl
iz
]
s[z0e5
sfor
R echli
H eadlilzl
W TTE ]
W[
. T
El:uncli
RivLeak[l//2 [liday |
RivHead [ L]
RivBotE] 0[]
D rnLeakli
DmE Ievlilzl

If you move the cursor around tiverking area, you will notice the respective values change to display the
values that exist at that exact location in the model. This is done only in the active $aject Layer 1

and

move

t he

cur sor in the

mo dieldl. You wid aoticaimid [Ilh ot i c e

inch/yr] every wheréout turns to [0.0e0 inch/yr] as soon as the cuesbers a lake or a river polyglon

You can also change the units for particular variables i€fE. This is accomplished by clicking on the
unit box of the variable you wish to change (as we have done in previous steps ingiég, taed then
simply clicking until you have selected the desired units. IGW will now display thése un

Also, there may be more variables in the CAT than are visible at a particular time. To view the hidden
variables, simply use the scroll bar on the far right to access them.
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7.2

ADDING/REMOVING FIELDS IN CAT

The values you see in the CAT are set byadkfbut you can change these fields as follows:

Step & Click

T h €hodse Parameters at Cusor w i

on t

he 6Cel

ndow

appear s.

At t | Cell Attribute Yiewer

From

her e

you

would like displayed in the CAT. Thieeld namesare alsdully defined in this window. This is useful as
the field names displayed in the CAT are truncated.

%y Choose Parameters at Cursor

3

Select All

e
[T

Unzelect Al

# v ¥ Coordinate
Y v v Coordinate
[ [ Grid [
I [ Gnd Iv
Aq Top |» Aguifer Top Elevation
ReaTop [ Real Top Elevation
Aq Bat [w Aguifer Battam Elevation
Thick [ Thickness
n |v Porozity
Fx v Conductivity
T [ Transmissivity
Eaxfky [ Anizotropy Factor sy
kufbz [ Anizotropy Factor =2
FawDeg [ Anizotropy Orientation - 2y
KuzDeg [ Anizotropy Orientation - 42
55 [ Specific Storage
5 |w Storage Coefficient
Sy v Specific Teld
Rech |w Recharge
Dizpl [ Longitudinal Dizpersivity
DizpT [ Transverse Dispersivity
Dispt [ Wertical Dizpersivity
kd [ Partitioning Coefficient
Fetard | Retardation Factor
Head |v Hydraulic Head
Wi v Seepage Velocity in 2 Direction
Wy [ Seepage Velocity in Direction
Wz [ Seepage Velocity in £ Direction
Conc v Plume Concentration
FivLeak [ River Leakance
RivHead [+ River Stage
RivEBotE [+ River Bottom Elevation
DrnLeak [w Drain Leakance
DmElew |w Drain Elevation
Agquiter [ Aguifer Type
Cell [~ Cell State
IBound [ Index of Head Bound
Calb_H [~ Calibration Head
Calb C [ Calibration Concentration
Calb_K. | Calibration Conductivity
Step 2 Check/uncheckthk i el ds
Step 2 Click the O00KS®

t hat

button to cl

you

ose t

want/ donot

he wi
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CHAPTER 8: EXPLORING THE ATTRIBUTE EXPLORER
WINDOW

This short chapter will introduce you in greater detail to the Attribute Explorer window B&&)ious versionsf

IGW refer to this tool as the Attribute Input and Model Explorer window (AIME). Version 4.7 shortens this to the
Attribute Explorer (AE). You have been using the AE to input values for the features that you have defined in the
previous chapters. Heyeu will explore some extra features of the AE.

8.1. THE ATTRIBUTE EXPLORER WINDOW

Bring theAE to a visible location.

You will notice there a
Expl orerd w Model oEwploreré . & a,b
Hierarchy Treed t ab. The Hierar
functional in | GW 4. 7. p
button. You can use this button to toggle between nai | Modsl Explorer ] Hierarchy Tree | bl

or wide display in the left pane (called the Model Expl

pane) of the AE window. Wide display mag useful to

see full text and hierarchy structure of the model.

3 Attributes Explorer

8.2. MODEL EXPLORER TAB

MModel Explorer6 t ab i s divided i nto tModelEgplompaneewhichgiVese t op

the hierarchical visualizatom f t he model 6s component s. Attibote wi der
Input pane. The structure of this pane changes depending on the hierarchical level and type of model
component selected in the Model dSselgrtedornthe hiprarahnieal In t
vi sualization pane. The input fields relating to 6

different attribute input fields as we shall deal with different components in the model.

5 Attributes Explorer

Model E xplorer I Hierarchy Tree > |

W Project
o Main Model M ame

=g Cross-sections
g8 Cross-section 1
] 5 Layer 1 M anager
- Zones 1001
P Zone 1001 NTeam
£P Columbia River
=- €3 wiells 1001
@ Middle wel
(@] East'wel

Client

L ocation |
W Description |

Model Explore pane

Preferences.

Attribute Input pae

i -

—

Time Processor Selector pan
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The lower left pane is thEime Process Select¢fPS) which is seen empty in the figure above. From the
TPSyou can open a separate window for any previously defined time process (mass balance, mass flux,
well head, well concentration, etc.) and view the results as the model solution proceeds through time. As
we currently do not have any of these functionsiiporated into our example, you can see that this pane is

an empty box in the lower left corner. It is more intuitive to explore the TPS with a working model, so the
TPS discussion is continued @ection11.3

Unli ke previous versions of I GWGW 4. Thastomatisglypupdatds but t on
your data the moment you input it into the AE!

ATTRIBUTE INPUT PANE

The fields and structure of the attribute input pane changes with respect to the type of item selected in the
model explore pan&.ou can explore this feature as follows:

Step 1 Click on ONPoded | Froect
Explore pane Mddel | nHame |
Exploreid t a Wtiribu® nput
pane displays input field fo |
general project attributes. Team |
|
|
|

tanager

Step 2 Enter desired information Lz
(name the project whatever
you wish to call it, etc).

Clignt

Drescription

Freferences... |

Step3: Click on o6Mair |-Mantodel
Model Explorepane, located jus
bel ow 6 Pr oAttréate @ Import Bazemap and Define Model Domain ... |
Input pane now displays
collection of buttons (alst
available on the button palett
that can be selected to alt
attributes for the model. Optior
are also available here fc
physical / chemical proces

parameters and particl [ﬂ Change Model Solvers . |

visualization settings.
EdA | v Use Model Level Display Option ...
=

'y

Set Simulation Time Parameters ... |

EED Define kodel Grid ... |

w Downzcaling 4 Upscaling Settings. .. |

ﬂ Synchronize Submadels with Main Model in
i i Mext Dizcretization
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Step4d: Cl i ck on
16, | oca
60 Main Mo
the Model
Explore pane.
The Attribute
Input pane now
displays a
collection of
fields in which
you may enter
specific data for
this layer. Most

of these values ar
accessible at othe
points within the
software.

Step5: Cl i ck on
XXXX06 i
Model Explore
pane (where
XXXX is a
number assignel

by the software. In
our example, th
is 6Zone:

In previous versions of IGW
nothing appeared in th
Attribute Input pane, as it wa
just a placeholder. Now thi
i s t he 6 Mu |
Sensitivity /
which can be applied t
Physical Properties, Aquife
Elevations/Caliration Data,
and Sources and Sinks

A more detailed discussion ¢
this feature and its usefulree:

i s found i n

Manual.

Step6: Cl i ck on
6Zone

information about this particular zone.

Layer 1

Define Default Model Parameter ¥alues for This Layer

Top Elevation -32.SDSZE|
| Fandom |

Thickness

~ petn_|

T
™ Randon... |

Forosity

Conductivity ,W
™ Randorn_|
Katky [l
kudkz ,'IIJ—
D'ientatmﬁi W
Dlientatig:jﬁfz W

Specific: Yield 01
Specific Storage lm- At
Starting Head l:l

0.0e0
I Ferdon_ |

Fecharge

Partitioning Cosff. Kd [1 0e-10 1700 ]
|
Sail Particle Dengity ’m
R etardation Factar ’_

Dy / Re-wetting Criteria .. |

Apply thiz setting to all ather layers

Multipliers For Sensitivity Analpsis

Physical Aguifer Elevations /
Calibration 0 ata

Properties

T Sources and Sinks ]

Hydraulic Conductivity

Starage Terms

[~ Conductivity ’1— [~ Specific Yield
~ Ka/Ky ’— [~ Specific Storage
M S Malecular Diffuzion
Orientation of .
T Katky [ D%
- Orientation of [~ Dy
Krdkz ~ Dz ’—
Retardation [ Orient_#y' ’—
Retardation :
[ Factor [ Orignt_#=
[ Partitioning - Kd Local Dispersion
 SoilParicle [T [ Leng.
Denszity [~ Trans. ’—
Effective ’_ [ Wert
Farogity
First Order Decay
[~ Decay Coeff
[~ Half Life
Apply thiz setting to palpgons in all other layers
one of the zones that are

parent zone and water body sources / sinks you defined iropsesections.

in t

1 0 Atttibdite Inputpaidnew displays a multhyered section for entering
Notice this is where you entered data for the
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8.4.

Zone 10071

Phyzical Biochernical Aquifer Sources and Scatter Paint L
Properties Fropertiez Elevationz Sinks Control Lalibration Data
Hydraulic Conductivity Molecular Diffusion

V Conductiviy [0 [wds | Do o0 2]

I_Q [ Doy |7|:|
™ Ky . ~ Dz 00 [wiea
[ Kuiz 0. [~ Orient iy [o0e0 [deaee |
r Orientation of lil:l [ Orent_#Z |7|:|

ik
. . Local Digperzsion
Orientation of
I Kz I:I [ Lona. |:|
[ Trans. |:|
Storage Termsz
[ Vet |:|
[ Specific Yield

| Specific Storage I:I g |
[ Soil Particle Density I:I

[ Effective Porogity
I~ Random |

ED:;IEEE E;nlnr#F'atterT Yerteres: 4 [v Zone Visible
ranzparent  w .

" Inactive Area v #!L;Shnlzeatter Puaints

(" For Display Calor [ Zone Budget|™

[ Drarmain Caontral Show Interpolation Model |

The Attribute Input pane will be will be different for every type of feature that you can define in IGW 4.7,
including (but not limited to): wells, particle zones, profile models-raodels, line features, and 3D
attribute zones. As yowork through the tutorial, observe the AE and take notice of the new features that
become available as your model increases in complexity.

EDITING FEATURES IN MODEL EXPLORE PANE

By left-clicking once on the feature in théodel Explorepane, you can reame it whatever you want.

By right-clicking on the features and groups in the pgioe canperform such functions as deleting them,
viewing attributes, and readirig scatter points
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CHAPTER 9: PARTICLE TRACKING

This chapter will show you how to track contaminant particles in the model.

9.1.

FORWARD PARTICLE TRACKING

Step & Cl i c lAddtParteclesdnside a Polygbn but t on.

The cursor is now initialized to add particles.

The following steps will show how to track a collection of discreteaoimant particles.

Step 2 Trace an arefBoeing factory location on the basemapding the same methodology as
used to define zongSection 3.3 to define contamination plumes. This is shown on the
map below as an enclosed red area; the green circle shows you its location.

Step 3: As soon as yodinish the zone in which to put the particlesuywill be prompted with

the 6Particlesd window. Her e

you

shoul d

a) How many columns of particles you want to include in your area (number
proportional to concentration; for this example use a val{i@0odf
b) The vertical location of the specified layer that the plane of particles will be released

into.

Notice that you have twc
options: 2D matrix and 3L
matrix. You will use a 2D
matrix in this example
Notice the dropdown
arrow next to the inpu
field for 2D matrix. The
numbers range from 1 to
T 1 corresponding to top ¢
the layer and 0 to th
bottom. You will select
0.25 for this example
which places the plane ¢
particles at the bottom
quarterof the layer.

5 Particles

Horizontal Setting

X

Mumber of particle colurmns released within this polygon: |30

Yertical 5ettingz

(o 20 matrix at a vertical lozation of |0.25 -

30 matrix

Yertical lozation top 1 -

Yertical location bottorm [ -
YWertical dengity multiplier 1

1: aquifer top

[1: aquifer bottam

Cancel | OF.
¢c) Enter values in these fields, and
Step 5 RepeatSteps 34 for any other particle zonefDo this for Cascade site.]

t hen
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You can change the particle display settings (color and size of the particles) by going thdotibvwihne
steps:

Step & Access the AE. I n the model explore pane yo
0+0 siginhee&kPpedlid cl&.Z The t woujustamredtedwil e zone

open up.
%3 Attributes Explorer

taodel Explarer | Hierarchy Tree I LI
Elgi Project

a?_; tain Model
=gl Cross-sections
g8 Cross-section 1
-8
=@ Zones 1001
P Zone 1001
£ Colurnbia River
Wwells 1001
[0l Middle wel
@ wel 1002
=-¥: ParticlesGroup 1001
#-EP PaiticlsZones 1001
=-R% 30 atvibutes

~Rf 30am 1

Step 2 Click on the first zone (for Boei nnput . Go t
pane and select particle si&§ andcolor [yellow].

Step 3 Repeatabove for Cascade site.

Your contamination fields are now defined in the model screen. Ifottmving view, you see both
cont ami nant p yedldwidatslthat aré above the respecti@esstarting locations.

'?'fA('ulmnﬁu Rive

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

features, you do not need tliscretizethe model after adding particl

Step4: Cl i cleorwahbe bout t on t o NotelUulike all dther madel g
features.)

40



ST\ Columbia River
’ (!
£

e

Layer 1(1): Steady Flow, Time Elapsed = 30080 days (82.41 years)

Notice that the contaminant particles are following blcity gradients, as expectedlso note WAAD
for the time elapsed in the simulation. Hetee model suggests that Boeing contamination will end up in
Columbia River afteB2 years but Cascade pluewill be captured by the Middle Well.

Notice that with the padles present, the model solution now continuously updates at the time step
indicated at the lower left of the main screen. You may neadjtst this time stefo see any significant
changes from one timgtep to the next.

You can us&ATDI interface to speed up the simulation by .

changing the Visual Step to a higher number. This instructs Time Step [DT]:

the software to redraw the simulation at fewer tsteps. At |'| B0, ||:|a_-,- | =

any time during the simulation, you can susebuttonto _ =]

stop the simulation, reset (mitialize) the particles, change Flowe Tirne:

the time step,reset flow clockor reset particle clock |2|:|_ ||:|a_-,- |

SATDI also provides the current values of these attributes as ;

seen below. The numbers in SADTI area correspond to flow Flume Time:

simulation at30,000 days (82.4 years) ||:|_|:|E|:| day

Note These variables are highly dependent on the problem Farticle Time:

being solved and the speed/capacity o& tbomputer |3.IIIE+4 |da_|r' |

running the simulation. Therefore, this tutorial leaves it to

thg readgr to optimize these yalq&ttlng DT to_ 160_anq Plume Step: 1/2DT |2

using a visual step of 4 DT will give you good visualization —

results.] Farticle Step: 1/20T

Yizual Step: 4 DT =

Step 7 Stop the simulation by clicking thi®ausé but t on STI]B




9.2.

BACKWARD PARTICLE TRACKING

The following steps show you how to backward track a plume of contaminants. This is useful if you are
trying to determine where some pollution came from.

Step & Cl i c IBackward Padicle Trackilg but t on : \

Watch the particles moving backwards and the time elapsed clock counting towards zero and going into the
(-) numbers.

Step 2 Stop the simul aPaius® nb btyt eahi cki ng
SH]P‘

9.3. INITIALIZING THE PARTICLES
Step & Cl i c Knitidlixing Padticle® button to return
location, i.e. erasing the particles off the screen and returning them tc
original starting position in the model
9.4. INITIALIZING THE CLOCKS

Step & Cl i c IResttRPaticléClock butt on to reset t @

The time elapsed clock in tNeAAD returns to 0 days.

Note There are three similar looking buttons on Bgton
Palettein the 18" row. Each of these buttons is to reset
simulation time clock. The first one from left is to reset fl
simulation clok, the second one to reset concentral
simulation (transport) clock and the fourth one to reset par
simulation clock. Note the letters F, T and P in the lower

corners on the respective buttons to differentiate them for
other.

" ‘@

Until this point you have created a simple model. You learnt to add features into the model and assign/edit
f e at afttribatasd You have learnt to create cross sectional profiles and change display options both for
model area and cross sections. You have laksmt to do particle trackingnd use this feature to answer

the question as to whethar notthe contamination in the area can affect the pumping wells.
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CHAPTER 10: ADDING COPLEXITY TO THE MODEL

The principal of parsimony is important to develop a model. It is usually helpful to start with most essential/basic
elements of the model; then add more complexity as the model develops. IGW allows you to add complexity to your
model in an incremental maar. IGW also allows youo visualize theimpact of every change on the model
predictions. In the following chapters, you will learn to add coniplér the basic model that yduave created.

You will:

Add additional moddilayersand computational layete represent the aquifer in more details;

Add more features and elements in the model which were ignored on the assumption of being less
significant;

Modify aquifer dimensions with more detailed data on aquifer elevations;

Add heterogeneity to aquifer @ameters;

Add contamination plumesnd,

Add dispersiity in transport modeling.

E ] = =4

As you will add more complexity to the model, you will also learn more features of IGW for visualization of results.
You will learn how to visualize:

Complex cross sections;
Different types of 3D sections;
Water budgets;

Mass balance; and,

Break though curves

=A =4 =4 -8 -9
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CHAPTER 11: ADDING LAYERS

This section describes hovoly can addnodel @eologica) layersand/or computational layergn a model. Each
geological layer has its own properties, sources and sinks and boundary conditions. Computational layers can be
added within the geological layers. All computational layers within a geological layer have the same properties and
boundary onditions. Sources and sinks within the computational layers are based on their el¢sajiaisvations

of the well screens).

There are two ways to add a layer in IGW. The first is to accedsléhmenu, then th€reate New Model subx
menu, then seletiayer. This creates a new layer below the original layer that has no features defined in it.

The second method is beneficial if there is a zone in the current layer that would be useful to import into the new
layer. [This is thecase as we will be using the same boundaries, thus the same parent zone, as the first layer.
However the boundary justifications are different: the north boundary is a constant head due to the river, the south
boundary is a no flow boundary because theifar pinches off and the east and west boundaries are no flow
boundaries because of the regional flow direction.]

11.1. ADDING A NEW MODEL LAYER

First, make sure that the desired zone is selected by verifying the active red boundary around the zone in
guesion [i.e. the basemap boundasyr 6 Zohe 10016

Step & Cl i c kSelécthaeZon@ butt on. The cursor
zone in the Working Area. @

Step 2 Click the mouse anywhere within the desired zitane100]]. The zone should now be
hi ghlighted with red borders (if it wasnoé6t

(Note if there are sub zones inside a bigger zone, then clicking in any sub zone will only select the sub
zone. In this example, in order to select the parent zone,hmudsclick the mouse inside the parent
zone but outside the sub zones representing the lakes and the river)

Step 3 Press O0Alt+L®6 on the keyboard.

The 6Add new | ayer(s)é window appear s.

5 Add new layer(s) E|

Haow mary new layers will be added 7

Step 4 Enter the desired number of layers to dddhis examplezouwill only add 1 layer
Step 5 Click the O60K6 button.

et Layers Positidh wi ndow pops up. Here you can move the ON
layer(s) by using the arrove y s . For this example, the new | ayer wi
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*3 Set Layers Position @

bove Mew Layer|z] to desired pozition

Laier 1 ﬂ
=

Cancel

Step 5 Move the ONew Layer(s)6 to the desimed | oca
this model you are adding a New Layer below Layer 1

The software now adds ttselected number of layers. A copy of the seleetmte now exists in (each)
new layer.

Geo. |2_ Comp. ||1_

Notice that the_.ayer Selectonow reflects the existence of the new
layer(s). You can use the sliding arrow to switch betweeratrezd
shown in the Working Area.

Model 1

Step 6 Access theAE.

*3 Attributes Explorer

Model Explorer l Hierarchy Tree ] #
= Ej Project

@
=d Main Madel
=-g8 Cross-sections

Notice that the lefhand pane in AE now indicates the existence ¢ g Cross-section 1
the new layer(s) (and the zone that was comer). IGW will assign T 5 5”;’;ﬂeswm
default layerandzonenames. [For consistencynd cross reference P Zone 1001
keepthe default layer nansé.e, 6 L a 96e ra n d 20007Lamue L St e
can edit the names by clicking once on the name in AE explorer (6] Midde el
and then retyping the new name. 101

- ED ParticleZones 1001
El g Laver 2
=42 Zones 2001
P Zone 200
=95 30 Attibutes

G IDat 1
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11.2. EDITING LAYER ATTRIBUTES

The copied zone ithe newly created layer needs to be modified, because its properties are identical to the
layer it was copied from.

IGW allows you add, edit, or delete attributes of any layer in model. You can edit layer attributes such a
elevations, hydraulic propertiesd stresses. The following procedure will show you how to edit layer
elevations and other properties.

For the simplified conceptual model of Figure 3.0.0, you lumpedifer properties anchodeling features

in one model layeryou now have a-2ayer moel to representore complex conceptual model Eifjure

1.2.2. Tore-assignaquifer elevationsnd different hydraulic conductivities to each model |apdiow
these steps:

Step & Use theLayer Selectosliding buttonto go to Layer 1.

Step 2 Cl i clGelacta@on® button and then 1001). c 3”

Step3: Access AE and sele6t 4uifer Elevation$tah

Step 4 Go to O6Bottom EIl evat i dmand éniecvalupt0$fer bottar e a, s e
elevation.

Step 5 Sel ect O6Physical Propertiesé tab.

Step 6 I n the 6Conduct i vin/dagand antefbld, change wunits t
Step7: Nowse | ect 6éZone 20WithidtheAkEdémodkbebayexpRdrerd par
Step8: Selectd Auifer Elevation$tab.

Step9: Uncheck tkekevatTopdE(see note at the end)

Step 10 Go to 6Bottom EI evat i dm AndéeniecvialugbOifer bottamr ea, s e
elevation.

Step 11: Sel ect OPhydabcal Propertiesé
Step 12 I n the 6Conduct i vin/daandantefBOH, change wunits t

Note IGW will automatically assign the top elevation of bottom layer as the bottom elevation of top layer
soyou donot need teseparatelgnter top elevation for bottom layer

11.3. EDITING OBJECTS IN A LAYER

According to the conceptual model of Figure 1.2.2, the wells are screertbé lpottom layer. The
contamination plumes are also in the bottom layer. The following steps will show yoto lwopy objects
from one layer to the other and how to delete/edit/add features in model layers.

Step 1 Use theLayer Selectosliding button to go to Layer 1.
Step 2 Cl i c kSeldactraenell@nd editt b u t tclcknon thenMiddle Well in
the model area. The selected well turns red. q
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11.4.

Step 3 Right c¢click on the

selected well

Step 4 Use theLayer Selectosliding button to go to Layer 2.
Step 5 Right c¢click any where in the model

the popup menu.

Middle well is copied with all its attributes and location in Layer 2.

Step 6 Repeat steps 1 to 5 topyoEast well into Layer 2 as well.

Step 7 Access AE.

Step 8 In the 6 Mdel explore pare r i

9
appear s. Click 6D
from Layer 1

ht
el

A menu po

area of

cl i chn Layer 1 & Waplplnenul1 00 16
eted in the popup

menu.

Step9: Wi thin the 0MaoedetlayeeXapd rename thp weliseadMiddle Well and

East Well respectively.

You have just copied the wells from Layer 1 to Layer 2 and deleted the same in Layer 1.

You cannot copy and paste particle from one lagemother. To remove particles from Layer 1:

Step & Use theLayer Selectosliding button to go to Layer 1.

Step 2 Cl i c peleteall padticle® butt on t o froneLayert.e p x

(You will add particles in Laye? at a later stage)

Up to this point, you have added an additional layer in y
model, reassigned aquifer elevations and hydraulic prope
to each layer, deleted particles and wells from Layer 1
added wellsin Layer 2. This setup conforms to yo
conceptual mod el of Figur
paned the model nbowloeks asrstoown ir
the opposite figure.

ADDING COMPUTATIONAL LAYERS

*3 Attributes Explorer,

Model Explarer l Hierarchy Tree ] b

3 Main Model
=gl Cross-sections
g8 Crosz-section 1
=| B Layer 1
=-{P Zones 1001
£P Zone 1001
{P Columbia River
= 5 Layer 2
=P Zones 2001
{P Zone 2001
= well: 2001
@] Middlswel
(@ Eastwel
=R 30 Attributes

2% 3041

Computational layers help refimeumerical simulations. Any model layer can be divided into desired
number of computational layers. The following steps will show you how you can divide the top layer in 2

computational layers and bottom one in three.

Step 1 Click the 0Sét b8itmwihati on Grid
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T h ®efide ModelGr i dd wi ndow appears.

Step 2 Click the o6Define Number of Computational L

7, Define Model Grid X

kain Maodel Setting

% Lehath Advanced
=i EI Digoretization Options
' Length EI

NYlSB DY | EI Cancel

Define number of computational layers | Dizcretize / 0K,

The 6Vertical Di scretizationd window appears.

%3 Yertical Discretization

Geological Layer MHumber of Computational Laperz

Laver1 1]
L_I,Ie 2 M 1 [ Apply to All Layers

Cancel

]9
==

The |l ayer data appears in theptnlteenicremeasentddy bBayer 6 al
entry. The number of computational l ayers in that
there i s one computational |l ayer in O6Layer 16.

Step 3 While 6Layer 1 (1) 6 i s remehtar the muchbéd] in thed Geol ogi
6Number of Computational Layersdé field.

Step 4 Sel ect 6Layer 2 (1)6 in the @]Geaoltdcgei céaNu nmbaey
of Computational Layerd field.

Notice the parenthetical numbers update as sogowag/pe in [2] or [3].
Step 5 Click O60K©®.

You return to the O6Grid Option6 window.
Step 6 Click O6Discretizel OKb.

This will create 2 geological and 5 computational layers in your model.
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11.5. PUTTING PARTICLES IN THE APPROPRIATE LAYER

Recall thatyou had put the particlesat Boeing and Cascade sitesttom thirddepth of the one layered
model. In your multilayered model, you have to put the particle in the appropriate layer. In this case you
will put the particles in the middle computational layerhaf second geological layer.

Step1: From the Layer Selector, move the sliding button to

Geo. |2 Cornp. |2
middle computational layer of second geological lay: -

Step2: Add particles at Boeing and Cascade sites as you d -

section 9.1. \_|J

Madel 2

Notice thechange in Model Explore plane of AE.

+5 Attributes Explorer

Model Explarer l Hierarchy Tree I ﬁ
= El Froject

=B Main Model
=gl Cross-sections
g8 Cross-section 1
= 5 Layer 1
=-£P Zones 1001
£P Zone 100
£P Columbia River
= Wells 1001
'@ East el
(@] Middle wel
= 5 Layer 2
=-£P Zones 2001
£P Zone 2001
=-¥: ParticlesGroup 2001
=B ParticleZones 2001
EP ParticleZone 2001
] ParticleZ one 2002
= Rf 30 Atributes

Q4 3Dt 1

Step3 Click the OForwarddé button g

This will sdve the model with added layers and partigizedin the second geological layer.

11.6. MODEL OUTPUTS WITH ADDED COMPLEXITY

We have just solved the model after adding one more model layer and dividing the two model layers in five
more computational layer$GW allows you to readily see the impact tbfs added complexity on the
model solutiorfor each computational layefhe ®ftware updates and redraws the working area and-cross
sections as the model is solved.
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You can wuse OLayer Sel ecto
model display area.

(@) Visualizing Head in Each Layer Geo. |2_ E:.:.mp 3
The Layer Selector is a simple tool for quickly access
different layers within the model. As mentioned before, i

located in the upper rightand corner of the IGW window. Th .

6Geod and O6Compod fields di | Modell
and computional layer currently being accessed (and disple
in the Working Area).

The colorfilled square visually represents the geological layers with different (arbitemsigned)

colors. Intuitively, the top layer in the conceptual matt@responds to the top color (it can be
thought of as a very crude cressction). The arrow marker to the right of the square is a selector

that can be clicked on and dragged to the desired layer (represented by a notch associated with each
layer / colo). The desired layer can also be selected by directly clicking on the notch

Notice that there are as many Otick markso6 al on
number of computational l ayers [Ri ek 3mar k§ . anYd
corresponding computational layer will be selected. The selected layer will display in the Working

Area and will also be highlighted in the cross sectional view with a red border (see the cross section
below). Notice the displayinthetp f i el ds whi ch show that 0Geod6 |
selected.You can watch the plan view of the model as you move between the layers. For each
computational layer, the model area presents its solution (head contoursar¥observe how the

solution differsin eachlayer. The solution for each computational layer is shown below:

Ll

=
=
2=
=
]
=]
=
=
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=
=
-
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Layer 2(3): Steady Flow, Time Elapsed = 23680 days (54 88 years)

From these display of model results, you will notice that by refining our model with more details,
the model now predicts that the plume fr@ascade site is captured by the Middle Well in
approximately 65 years (recall that it was predicted 85 years by the simpler model).

VisualizingCross Section

The computational layers are separated in the cross sectional view by dotted yellow lilves. Not
the velocity arrows converging at the middle of the well, as opposed to the base of the well in the
previous cross section. This refinement is achieved due to additional computational layers. IGW,
by default, put the well screen in the midttérd of the layer in which it is located. The top and
bottom computational |l ayers in 6Layer 206 do
realistic picture of suisurface velocity around the middle layer. As mentioned before, IGW
calculates only one wetity for each computational layer. The varying velocity profile within the
computational layers seen in the cross section is based on interpolation only.

3 Cross-section 1

At this point you can relate this cross section to thelaper model cross section of Sectior2,
as well as the head contodios each computational layer to the one layer model of Section 6.1.

For any given computational layer there is only one velocity that is solved for. When you have

more layers in the model (as you will add later on), thesssection displays a continuum of
velocities throughout the depth of a layer. Continuous velocity profiles are based on interpolation.
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CHAPTER 12: USING SCATTER POINTS

IGW allows you to add information available at point locations within the model area, e.g., surface elevation, depth
of geological layers, hydraulic conductivity etc. When information is available at more than one point in the model
area, IGW can interpdia for the rest of the model area. The points on which information is available are called
0 s cat t eScattgr points allewdyou to add complexity to the model, as they are points where specific physical
characteristics are known about the aquiferotber features).

In the following sections, you will input aquifer elevation data at 4 locations (scatter points). IGW will process this
input by interpolating elevations between these known points and updating the aquifer dimentions.

12.1. ADDING SCATTER POINTS

In the following example, you will use 4 scatter points in the model area (the point locations are marked as
1, 2, 3, and 4 on the basemap). At these points, you have the information for the surface elevétmn and
depth of overburden Layer 1 inthe model.

Point Top (m) Bottom (m)
1 7 -11
2 6 -12
3 20 -15
4 20 -18

The followingsteps take you through the process of adding scatter points.
Step & Use theLayer Selectoto select the desired layén this example, choose Layer Nate

When more than one computational layer is present, you may select within any desired
conceptual layer and add features extending throughout all computational layers.)

Step 2 Click the Sabect a Zon®@ butt on. The cursor @
zone |

Scatter points are always added in a zone. The zone in which you want to add scatter points must, therefore,
be selectethefore adding the points.

Step 3 Click the mouse inside the parent zone (but not insigeottmer zone). The parent zone
appears with red borders in the Working Area indicating that it is active.

Step 4 Cl i c lAddtSbatter Foirit b ut t on. + |

The cursor is now initialized to add scatter points into the selected zone. (Note: even if you placed scatter
points outside of the desired zone they would still be associated with the zone that was active at the time of
adding the scatter points.)

Step 5 Click the mouse ahe left side of each of tHeur locationsmarked 1, 2, 3 and 4 on the
basemapn the Working Area (after clicking, wait for the cresair cursor to reappear
before clicking again).

The following figure shows the locatiors which the points are added in the model. Note that the last

point added next to 0 4 6 (Ta Husteted ssatter pointb radrectlearlyettdle as i t
head contours and velocity vectors are turned off |
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Layer 1(1): Steady Flow, Time Elapsed = 0 days (0.00 years)

FIGURE 10.1.1scatter Point Datai Layer 1

Step 6 Access the AE.

You will see all the scattgyoints you addeth Zone 1001in the hierarchical pane of AE as shown below.

(You can change the appearance of scatter point i
6Attributes Paned of AE).

*3 Attributes Explorer

Model Explarer I Higrarchy Tree | LI
EI---Ej Project

= B Main Model
=gl Cross-eections

- gl Cross-section 1

EIS Layer 1

; Elf__,' Zones 1001

-4 Scatter point 1002
& Scatter point 1003
& Scatter point 1004
£ Columbia River
EIIB Layer 2

=P Zones 2001

© P Zone 2007

wells 2001

8 Middle wiel

o[l Eastwiell

- ParticlesGroup 2001
#-EF ParticleZones 2001
=-%F 30 Atvibutes

88 30am 1

Step 7 Select each scatter point in theMo d e |

Expl ored pane and repeat

a) Sel ect the O6Aquifer El evationsd tab.

b) Checkt he box next to é6Top El evationbd.
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c) Select the unifm] and eter the value of7, 6, 20 or 2] (for Scatter Point
1001)

d Chek the box néetvatoodaBot TomcEnessb.

e) Select the unifm] and enter the value §f11, -12,-15 or-18].

Scatter point 1007

Physical Biocherical Aquifer Souwrces and | Scatter Paint S
Properties | Properties Elevations Sinks Cantral Lalibration D ata
Aquifer Elevations Aftribute Elevations

for partially penatrating parareters

[v Top Elevation |? I
= [ Z-Upper | I:I

[v Usze az starting head B = o | I:I

[v Bottam Elevation £ Thickness

{* Bottom Elevation |-11
™| Randsm.._|

i Thickness I:I
= Random|

Scatter Point Style Coordinates W Yisible

Size [ - . % MD
Color .. e 292?.41E|

Step8: Sel ect 6Zone 20016 in 6Layer 206 in the Mode

Step9: Sel ect BlAggwatfieans-6hdealb a@hap uHlf ienotareadyn &6 b o x
unchecked)

(Note This step is important because when top of the bottom layer is not defined, IGW assigns elevation of

the bottom of top layer as the top of bottom layer. Now that the bottom of top layer (Layer 1) will be
interpolated using scatter point information, thetoof 6éLayer 26 will not be a c
be defined.
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12.2.

Stepl0: Cl i c kSettSmalatigh Grid butt on to discre
Define Model Gridwindow appears.

Step 11 Click O6Discretizel OKbd.

Not e: Whenever you make ¢ MapringpdosNumencal Modéi
button and the changes will take effect. However, if there is any change in ajuiéssions
or grid size, this button will not fully implement the changésu mustu s et $imulation

Gridb button.

Step 12 Click the OForwarddé button to sc

VISUALIZING RESULTS

Notice the change in cross sectional profile. The thickness of the layers is not uniform anymore

3 Cross-section 1

You may notice further changes in the head contours, velocity vectors (and hence particle trajectories), and
plume migration path®article migration, head contours and velocity for the middle computational layer of
second geological laya@regiven below. Notice that with improved aquifer stratigraphy, the model predicts

that Cascade plume will be captured by®iddle Well in 68 years.

Sl i

B il

A -

lapsed = 24960 days (68.38 years)
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When using scatter points, the model reconciles the data using an option of different methods. The default
setting is the Inverse Distance Weighted (IDW) method, and is the most commonly used. The IDW

method is based on the assumptioat the interpolating surface should be influenced the most bgmear
points,and leasby the farthespoints.
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CHAPTER 13: REFINING THE MODEL

Up until now, we have built is coarse model. Features like Blue Lake and Fairviewveagaot included in the
model with an assumption that they are less significant. No dispersivity was appi@udaminantransport Grid
size was kept coarse.

In the following sectionsyou will include smaller modeling featurelike the lakes mentied above For
contaminant transport modeling, you will add dispersivity to contaminant transport. Finally, you will refine the grid
size and compare the model outputs with those of the coarser model.

You will be able to visualize the effects of refiniagevery step.

13.1. ADDING MORE FEATURES IN THE MODEL

You will add Blue Lake and Fairview Lake in the top layer of your model as conceptualized in Figure
1.2.2. To add these modeling features follow these steps:

Step 1 Use theLayer Selectoto choose Layer 1.

Step 2 Cl i c ISet tisplay ogtiorBbutton ]

—

Display options for Model 1 window apprears.
Step 3 I n the O6Si mulations I nputs and Resultso6 are

This will clear head contours and velocity vectors and the basemap will become more clear.

Step4: Cl i c kCrenth @ new arbitrary zone and assign proPerty \
button Gj

The cursor is initialized to draw the new zone.

Step5: Draw a polygon tracing along the edgeBlue Lake in the basemagas explained in
Section 3.4

Step6: Access AEand do the following:

@ Click once on the newly created polygon
it 6Blue Lakebd.

() Click on Olkbsdcetabandbé&pesedeeéect FbiHradt ab.

(0 Check box sDependentFux (dwdeaayd 6

(d From the dropdown menu below the check bc

(&) Go to 6Staged field, 3select unit [ m] and

® Go to 6Bottom EI evauttitoonnd naerxeta .t oChée@dkn srtaadr
[m] and add value-g] in the field.

(9 Go to 6Leakanced area. Check rddajo butto
and add value0.1] in the field

Step8: Repeat steps 4 tod 6i n ot leddmdd&b md/d efwr dra kteh e
menu, stage as 3.5 m, bottom elevation as 0 m and leakance as]0.1 /day

Step9: Discretize and run the model
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The modeling results are shown below. Notice the change in cross section showing the newly added lakes
with the Middle Well between the two.

%3/ Cross-section 1

You can see the impact on the shape of head contours in different layers using the layer selector. The
following figure shows middle computational layer of the second geological layer. Notice that as the
smaller lakes are added to the model, the path of contamination particles is changed. After 68 years of
simulation, the Boeing plume ends up in Columbia River@ascade plume, instead of being captured by

the Middle Well, also seems heading towards the river.

Important Note the position of the pumping well as it appears in the cross section. Although the well
coordinates are exactly in the middletloé two lakes, yet it appeardoser tathe edgd-airview Lake This

is because the model shifts the well to the neareshgde. If the model grid is too coarse, the shift in the
well location can be significant. You will be able to address this issue wheefimeithe model grid.
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Layer 2(2): Steady Flow, Time Elapsed = 24960 days (68.38 years)
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13.2. ADDING DISPERSIVITY

This section shows you how to perform particle tracking in the presence of dispefdnatyollowing
steps walk you through adding dispersivitythe model and viewing the results in terms of the particle

paths.

Step & Use theLayer Selectoto choose the desired layer in which to add dispersion. For this
example, select Layer 1 because this is the layer in which the particles are located.

Step 2 In the AE window, access the parent zone for that layer (in our exarhjgdstLayer2,
Zone2001).

Step3: In the 6Local Disper si ondbintheAtribotalnpttipame, 6 Phy si
select 6Long. 6 and O6Trans. 6 boxes.

Step4: Adjust to the desired unifsise the defaultfor the longitudinal (Long.) andansverse

(Trans.) dispersivities and enter values in their respective fielaisd 1, respectively]

5/ Attributes Explorer

Madel Explarer l Hierarchy Tree ] <<
Zone 2001
= Ej Froject
=B tain Model Physical T Biochemical \[ Aquifer T Sources and \[ Scatter Point TE lirat
2a ; : N alibration Data
= @ Cross-sections Properties Properties Elevations Sinks Control
g8 Cross-section 1
B s Layer 1 Hydraulic: Canductivity Molecular Diffusion
=P E;nes‘lﬂm ¥ Conductiviy  [an, D [n0e0 72/
= Zone 1001
4 Scatter point 1001 r Q [ Dy l:l
4+ Scatter point 1002 [~ Kxlky ™ D¥zz l:l
+ Scatter point 1003
4+ Scatter point 1004 [ Kalkz [ DOrient < l:l
£P Columbia River i . [~ Orient_#<Z
Tientation of o
g Blue Lake r KKy l:l l:l
Fairview Lake . . Local Dispersion
Orientation of
- B{Ea)yeer 200 I Yk l:l v Long. 3
= ones
4= ore 200 v Trans. 1
= Wells 2001 Storage Terms - Vet l—l:l
(& Middle wiel P
B Eastiwiel [~ Specific Yield -
=B ParticlesGroup 2001 [~ Specific Storage l:l é
-
- [ ParticleZanes 2001
= % 3D Attributes [ Soil Particle Dengity l:l
SF Daw [~ Effective Porosity
| _Rando... |
go;;'il':se Cl—_“[lz::‘::::: = Wertexes: 4 v Zone Yisible
~ Inactive " Area ¥ ﬁ!ISiSbT::tter Paints
" For Display Coalar ... [~ Zone Budget|~
[~ Damain Contral Show Interpolation Model |

Step 5 Cl i ¢ WMaptintko@ Numerical Modél button to disc

Step 6 Cl i cleorwaltbe bout t on t o solve the mo g

Notice any differences in the particle movement that changindigpersivityvalues has caused.

[at this point IGW 4.7 and 5.0 are not implementing dispersithre figure below does not show effects of
dispersiot
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Layer 2(1): Steady Flow, Time Elapsed = 23040 days (63.12 years)

Step 7 Stop the simul aPais®@ nbibtyt eahi cki ng @

Step 8 Cl i c Knitialixing Padticle® b ut t on panicles te thairriniiial
location.

Step 9 Cl i c IResetPaticl®éClock button to reset t E

13.3. REFINING GRID SIZE

You can change the grid size of the model at any time you want. By making tisengtlidr, the model is
more refined but itanincreases the computatiortehe/resources quite significantlydepending on the
processor speed and memory.

The following steps will let you refine your grid size.

Stepl Cl i c kSettSimalatich Grid butt on to discre
Define Model Gridwindow appears. %
3 Define Model Grid X

— Main Model Setting

# Length IBSDD. Advanced |
e EI Dizcretization Options

YLength [SETTE
w100 D |68 st
Ny|77 DY [passrs]t Cancel I
Define number of computational layers | Dizcretize 2 0K |
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Step 2 In the O6NX6 field, enter [100]. ONYO
Step 3 Click O6Discretizel/ OK6 button.

You will notice that now the model takes longer to discretize the model.

Step 6 Cl i cleorwaitbe boutt on t o solve the mo g|

The model takes much longer to run each {atep.

Notice thechange in cross section compared to Section. T®4 well now appears in the middle of the
two lakes. A finer grid can resolve the model features with more accuracy.

3 Cross-section 1

Particle movement, head and velocity for Layer 2 is shown below for the refinedapti.

62

f

el

d





























































































