GMS TUTORIALS

MODFLOW - Conceptual Model
Approach

11

Two approaches can be used to construct a MODFL®WIa&tion in GMS: the grid
approach or the conceptual model approach. Tha gpproach involves working
directly with the 3D grid and applying sources/sirdnd other model parameters on a
cell-by-cell basis. The steps involved in the gaproach are described in the tutorial
entitled MODFLOW - Grid Approach The conceptual model approach involves using
the GIS tools in theMap module to develop a conceptual model of the sémd
modeled. The location of sources/sinks, layerpatars such as hydraulic conductivity,
model boundaries, and all other data necessarthésimulation can be defined at the
conceptual model level. Once this model is comepléte grid is generated and the
conceptual model is converted to the grid model @haf the cell-by-cell assignments
are performed automatically. The steps involved performing a MODFLOW
simulation using the conceptual model approactudeseribed in this tutorial.

It is recommended that you complete theerpolating Layer ElevationandMODAEM
tutorials before completing this tutorial.

Outline

This is what you will do:
1. Import a background image.
2. Create and define coverages.
3. Map the coverages to a 3D grid.
4. Import scatter points and interpolate them to dlena

5. Convert the conceptual model to MODFLOW.
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6. Check the simulation and run MODFLOW.

7. View the results.

1.2 Required Modules/Interfaces

You will need the following components enabled donplete this tutorial:
Grid
Geostatistics
Map
MODFLOW

You can see if these components are enabled bgtisgjeheFile | Registecommand.

2 Description of Problem

The problem we will be solving for this tutorialilgistrated in Figure 2-1a. The site is
located in East Texas. We will assume that we em&uating the suitability of a
proposed landfill site with respect to potentiabgndwater contamination. The results
of this simulation will be used as the flow fieldrfa particle tracking and a transport
simulation in the MODPATH tutorial and the MT3DM&drial.
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Figure 2-1 Site to be Modeled in This Tutorial. (a) Plan View of Site. (b) Typical
North-South Cross Section Through Site.

We will be modeling the groundwater flow in the legl sediments bounded by the hills
to the north and the two converging rivers to tbatls. A typical north-south cross
section through the site is shown in Figure 2-Ikhe site is underlain by limestone
bedrock which outcrops to the hills at the nortld efi the site. There are two primary
sediment layers. The upper layer will be modekedm unconfined layer and the lower
layer will be modeled as a confined layer.

The boundary to the north will be a no-flow boundand the remaining boundary will
be a specified head boundary corresponding tobeage stage of the rivers. We will
assume the influx to the system is primarily thtougcharge due to rainfall. There are
some creek beds in the area which are sometimesudryccasionally flow due to influx
from the groundwater. We will represent these lcteexs using drains. There are also
two production wells in the area that will be imbdal in the model.
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NOTE: Although the site modeled in this tutorialan actual site, the landfill and the

hydrogeologic conditions at the site have beenidabed. The stresses and boundary
conditions used in the simulation were selectegravide a simple yet broad sampling

of the options available for defining a conceptualdel.

3 Getting Started

Let's get started.

1. If necessary, launch GMS. If GMS is already rugniselect theFile | New
command to ensure that the program settings atereelsto their default state.

4 Importing the Background Image

The first step in setting up the simulation is taport a digital image of the site being
modeled. This image was created by scanning @oopart a USGS quadrangle map on a
desktop scanner. The image was imported to GMjistexed, and a GMS project file

was saved. To read in the image, we will openpigect file. Once the image is

imported to GMS, it can be displayed in the backgob as a guide for on screen
digitizing and placement of model features.

4.1 Reading the Image

To import the image:
1. Select theDpenbuttonZ.
2. Locate and open the directory entittetfiles\MODFLOW \modfmap.
3. Open the file entitledtart.gpr.

All other objects in GMS are drawn on top of theaga. The image only appears in plan
view.

5 Saving the Project

Before we make any changes, lets save the projeleria new name.
1. Select theFile | Save A&ommand.
2. Save the project with the naraasttex.

Now you can hit the save butt =l periodically as you develop your model.
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6 Defining the Units

At this point, we can also define the units usethi conceptual model. The units we
choose will be applied to edit fields in the GM&enfiace to remind us of the proper units
for each parameter.

1. Select theEdit | Units command.

2. ForLength selectm (for meters). Fofmime selectd (for days). We will ignore
the other units (they are not used for flow simolag).

3. Select theOK button.

7 Defining the Boundary

The first step is to define the outer boundaryhaf model. We will do this by creating
an arc which forms a closed loop around the site.

7.1  Create the Coverage

1. In theProject Explorerright-click on the empty space and then, fromgbp-up
menu, select thllew | Conceptual Modelommand.

2. For theName enterEast Texas For theModel selectMODFLOW .

3. Click OK.

4. Right-click on the East Texas conceptual mode®8 and select theNew
Coveragecommand from the pop-up menu.

5. Change th&€overage naméo Boundary. Change th®efault elevatiorto 213.
Change th®efault layer rangdo go from1 to 2.

6. Click OK.

7.2 Create the Arc

1. Select theCreateArc toolf.

2. Begin the arc by clicking once on the left (westlesof the model at the location
shown in Figure 7-1.

3. Create the arc by proceeding around the boundarthefsite in a counter-
clockwise direction and clicking on a sequence @ih{s around the boundary.
Don't worry about the spacing or the exact locatibthe points; just use enough
points to define the approximate location of thermary. The boundary on the
south and east sides of the model should coincittetie rivers. The boundary
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along the top should coincide to the limestone raeing as shown in Figure
7-1.

4. To end the arc, click on the point where you began.

Note: As you are clicking on the points, if you kaaa mistake and wish to back up a
point or two, press thBackspaceey. If you wish to abort the arc and start oyeess
the ESCkey.

e SN Oy . (d) Click points along
(e) Double-click b ; Iimestope
here to end. i = outcropping.

iy

(c) Click points along

this river. \

v:.-- (a) Click here
: to begin.

(b) Click points along '/
_th_is (iver.

; X{. i

Figure 7-1 Creating the Boundary Arc.

8 Building the Local Source/Sink Coverage

The next step in building the conceptual modeloiconstruct the local sources/sinks
coverage. This coverage defines the boundaryeofabion being modeled and it defines
local sources/sinks including wells, rivers, draiasd general head boundaries.

The properties which can be assigned to the featbjects in a coverage depend on the
conceptual model and the options set in the CoeeBajup dialog. Before creating the
feature objects, we will change the options in@loeerage Setup dialog.

1. Right-click on theBoundary coverages= and select th®uplicate command
from the pop-up menu. Change the new coverage taBeurces & Sinks

2. Right-click on theSources & Sinkscoverages= and select th€overage Setup
command from the pop-up menu.

3. In the list of Sources/Sinks/BCsurn ON the following options which we will
need for this tutorial:

Layer range
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8.1

4.

5.

Wells

Refine points

Specified Head

Drain

Make sure the Use to define model boundary (aetrea) option is on.

Click OK.

Defining the Specified Head Arcs

The next step is to define the specified head bayndlong the south and east sides of
the model. Before doing this, however, we mudt faplit the arc we just created into
three arcs. One arc will define the no-flow bouyds#ong the top and the other two arcs
will define the two rivers. An arc is split by seting one or more vertices on the arc and
converting the vertices to nodes.

1.

2.

: X_,_'

Select theSelect Verticesol ./{

Select the two vertices shown in Figure 8-1. \fe# is located at the junction
of the two rivers. Vertex #2 is located at the tfghe river on the east side of
the model. To select both vertices at once, séhecfirst vertex and then hold
down theShiftkey while selecting the other vertex.

Right-click on one of the selected vertices anda®lertex -> Nodecommand.

Vertex #2

 Vertex#1

Figure 8-1 Convert Vertices to Nodes.
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Now that we have defined the three arcs, we wilcHy the two arcs on the rivers as
specified head arcs.

4. Select theselect Arcgool .@F

5. Select the arcs on the south and east and (righbattom) sides of the model by
selecting one arc and holding down 8taftkey while selecting the other arc.

6. Right-click on one of the selected arcs and seldicibute Tablecommand from
the pop-up menu.

7. Find the spreadsheet cell corresponding toAtheow and theTypecolumn. In
this cell, select thepec. headype. This will change the types for both arcs.

8. Select theOK button.
9. Click anywhere on the model other than on the &resselect them.
Note that the color of the arcs has changed indigdhe type of the arc.

The next step is to define the head at the nodéweatnds of the arcs. The head along a
specified head arc is assumed to vary linearlygtbe length of the arc.

10. Select theSelect Points/NodetsoIf@:.

11. Double click on the node on the west (left) endtloé arc on the southern
(bottom) boundary.

12. Enter a constant value 212 for theHead-Stage
13. Select theOK button.
14. In a similar fashion, assign a value2fi8 to the node at the junction of the two

rivers and a value &f14to the node at the top of the arc on the eastdemyrof
the model.

8.2  Defining the Drain Arcs

At this point, we will enter the arcs at the loocas of the creek beds to define the drains.

1. Select theCreate Arctool.f_F.

2. Create the arc labeled as arc #1 in Figure 8-art 8t clicking on the bottom
arc, create the arc by clicking points along theekrbed, and end the arc by
double clicking on the top arc.

Notice that when you click in the vicinity of a #&x on an existing arc or on the edge of
an arc, GMS automatically snaps the arc you aratiogeto the existing arc and makes a
node at the junction of the two arcs.
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3. Create the arcs labeled arc #2 and arc #3 in Fighréhe same way you made
arc #1.

Arc #1

Arc #3

Arc #2

Figure 8-2  The Drain Arcs.

Next, we will define the arcs as drains and assliignconductance and elevation to the
arcs.

4. Select theSelect Arcgool .ﬁf

5. Select all of the drain arcs by clicking on thesawhile holding down th&hift
key.

6. Right-click on one of the selected arcs and sélécibute Tablecommand from
the pop-up menu.

7. In theAll row, Typecolumn, select thdrain option.
8. Enter a conductance 6655 in the All row. This represents a conductance per
unit length value. GMS automatically computes thppropriate -cell

conductance value when the drains are assignée tgrid cells.

9. Change thérom layerandTo layerproperties to bé for each of the arcs. This
means the drains will only be in layer 1 of thedgri

10. Select theOK button.

The elevations of the drains are specified at tbder of the arcs. The elevation is
assumed to vary linearly along the arcs betweesykeified values.

11. Select theSelect Points/NodetsoIfrf.
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12. Double click on Node 2 in
13. Figure 8-3. Notice that this node has 2 properigsociated with it since it is
attached to 2 arcs of different types.
14. Enter212 for theBot. elev.of thedrain property. Do NOT change anything in
thespec. heagbroperty. ClickOK.
15. Repeat this procedure to assign the drain elevatmithe nodes shown in
16. Figure 8-3. Be sure to change train property only, and NOT thepec. head
property.
Node 5
Node 1 l
\ Node Elevation
1 223
2 212
3 222
4 211
5 223
f 6 210
Node 2
Node 3 Node 4 /
Node 6
Figure 8-3 Elevations for Drain Nodes.
8.3  Building the polygons

With the local sources/sinks type coverage, théreemegion to be modeled must be
covered with non-overlapping polygons. This defiliee active region of the grid. In
most cases, all of the polygons will be variablacdheolygons (the default). However,
other polygons may be used. For example, to madake, a general head polygon can
be used. The simplest way to define the polygeris first create all of the arcs used in
the coverage and then select #gild Polygonscommand. This command searches
through the arcs and creates a polygon for eatheo€losed loops defined by the arcs.
These polygons are of type “NONE” by default butynb& converted to other types by
selecting the polygons and using Br@pertiescommand.

Now that all of the arcs in the coverage have ligeated, we are ready to construct the
polygons. All of our polygons will be variable ttepolygons.

1. Select the Feature Objects | Build Polygons command
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8.4

Notice that the polygon is now filled. You can nbe the view the polygons if you wish
by selecting th®isplay | Display Optionsommand.

Creating the Wells

The final step in creating the local sources/sitoigerage is to define the wells. Wells
are defined as point type objects. Two wells idlcreated.

1. Select theCreate Pointool

2. Move the cursor to the approximate location of Wllshown in Figure 2-1 and
click once with the mouse to create the point.

3. While the new point is selected, type the coordiaéd35, 1425)in theX andY
edit fields at the top of the GMS window and hi Trab or Enterkey.

4. SelectPropertiesbutton
5. For theType select thavell option.
6. For theFlow rate enter a constant value -@30.

7. Change thérom layerandTo layerproperties to b&. This means the well will
only be in layer 1 of the grid.

8. Select theOK button.

9. In a similar fashion, create the other well atldeation (3220, 1000)and assign
a pumping rate 02,830 However, for this well, change tkeom layerandTo
layer so that the well is applied only to layer two (aba both the edit fields to
2).

Grid Refinement

A well represents a point of convergence in theugdwater flow and causes steep
gradients in the head near the well. In orderctueately model the flow near wells, the
grid is typically refined in the vicinity of the Wes. This type of refinement can be
performed automatically in GMS by assigning refiesndata directly to the wells in the
conceptual model.

10. Select theSelect Points/Nodésol
11. Select both wells by clicking on the wells whilddiag theShiftkey.
12. SelectPropertiesbutton

13. Find theRefinecolumn, and in th&ll row, turn on the toggle. This turns on
refinement for both points.
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14. Change theBase sizdo 25, the Biasto 1.1 and theMax sizeto 150 for both
points.

15. Click OK.

9 Delineating the Recharge Zones

The next step in constructing the conceptual maléb construct the coverage which
defines the recharge zones. We will assume thatréicharge over the area being
modeled is uniform except for the landfill. Thelarge in the area of the landfill will
be reduced due to the landfill liner system.

9.1 Copying the Boundary

We'll create our recharge coverage by copying thendary.

1. Right-click on theBoundary coverage and select th®uplicate command
from the pop-up menu.

2. Change the name of the new coveragReoharge

3. Right-click on the Recharge coverage and select theCoverage Setup
command.

4. IntheAreal Propertiedist, turn on theRecharge ratgroperty.

5. Select theOK button.

9.2  Creating the Landfill Boundary

Next, we will create the arc delineating the bougdd the landfill. To do this, we will
first create a closed loop in the form of a rectarag the approximate location of the
landfill. We will then edit the nodes and verticesthat the arc coincides precisely with
the boundary of the landfill.

1. Select theCreate Arctool

2. Create a rectangular polygon representing the ilaradf shown in Figure 9-1.
Don't worry about getting the exact coordinatethist point.

Now that the arc is created in the approximatetionawe will edit the coordinates of
the vertices and nodes to define the precise coatel.

3. Select theselect Verticesool

4. Drag a box around the entire landfill polygon regie, thus selecting all the
vertices.
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5. Right-click on one of the selected vertices ancedethe Vertex -> Node
command.

6. Select theéSelect Points/Noddsol
7. Select one of the nodes that are at the corndreofeictangle.

8. While the node is selected, enter the exact coaté@of the node in thedit
Window Select th&@abkey after entering each coordinate value.

(2685, 1450) (2940, 1450)

(2685, 1205) (2940, 1205)

Figure 9-1 Landfill

9. Repeat this process for the remaining cornerseofahdfill polygon.

9.3  Building the Polygons

Now that the arcs are defined, we can build thggmis.

1. Select the Featui@bjects | Build Polygonsommand.

9.4  Assigning the Recharge Values

Now that the recharge zones are defined, we cagrase recharge values. We will
assign one value to the landfill polygon, and aaepotralue to the remaining polygon.

1. Select theselect Polygonsol
2. Double click on the landfill polygon.
3. Change th&echarge rateo 0.00006
Note: This recharge rate is small relative to #e assigned to the other polygons. The

landfill will be capped and lined and thus will leaa small recharge value. The recharge
essentially represents a small amount of leachateescapes from the landfill.
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Select theOK button.
Double click on the outer polygon.
Change th&echarge ratéo 0.00695

Select theOK button.

10 Defining the Hydraulic Conductivity

10.1

Next we will enter the hydraulic conductivity foa&h layer. In many cases, you may
wish to define multiple polygons defining hydrautionductivity zones. For the sake of
simplicity, we will use a constant value for eaadr.

Copying the Boundary

We'll create our layer coverage by copying the lutarg.

1.

9.

Right-click on theBoundary coverage and select th®uplicate command
from the pop-up menu.

Change the name of the new coverageayer 1.

Right-click on thelayer 1 coverage and select theCoverage Setup
command.

In the Areal Propertiedist, turn ON the following options
Horizontal K

Vertical anis.

Change th®efault layer rangeo go from1 to 1.

Select theOK button.

Right click on theLayer 1 coverage and select th®uplicatecommand from
the pop-up menu. Change the name of the new cgeéohayer 2.

Right click on thelayer 2 coverage and select theCoverage Setup
command.

Change th®efault layer ranggo go from2 to 2.

10. Select theOK button.
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10.2 Top Layer

First, we will assign a K value for the top layer.
1. Select thdayer 1 coverage in theProject Explorer
2. Select thd=eature Objects | Build Polygom®@mmand.
3. With theSelect Polygontol , double click on the polygon.
4. Change thédorizonal Kto 5.5.
5. Change thé&/ertical anis.to 4.

6. Select theOK button.

10.3 Bottom Layer

For the bottom layer:

1. Select thd.ayer 2 coverage in theProject Explorer

2. Select thd-eature Objects | Build Polygom®mmand.

3. Double click on the polygon

4. Change thédorizonal Kto 10.

5. Change thé&/ertical anis.to 4.

6. Select theOK button.
This completes the definition of the coverages lie tonceptual model. Before
continuing to create the grid, we will make the rees/sinks coverage the active

coverage.

7. Select theSources & Sinkscoverage in theProject Explorer

11 Locating the Grid Frame

Now that the coverages are complete, we are raadyeate the grid. The first step in
creating the grid is to define the location andeotation of the grid using the Grid
Frame. The Grid Frame represents the outlineefjtid. It can be positioned on top of
our site map graphically.

1. In theProject Explorerright-click on the empty space and then, fromgbp-up
menu, select thlew | Grid Framecommand.

Page 15 of 23 © Agquaveo



GMS Tutorials MODFLOW - Conceptual Model Approach

2. In the Project Explorerright-click on theGrid Frame  and select thé&it to
Active Coverageommand.

3. Double-click on the grid frame in tHeroject Explorerto bring up the properties
dialog.

4. Change thérigin z: to 170 and theDimension zto 60. This provides a set of
initial values for the MODFLOW layer elevation aysa Later, we will
interpolate the layer elevations

5. Select theOK button to exit th&rid Framedialog.

12 Creating the Grid

Now that the coverages and the Grid Frame areedteate are now ready to create the
grid.

1. Select the Feature Objects | Map3D Grid command.

Notice that the grid is dimensioned using the diaten the Grid Frame. If a Grid Frame
does not exist, the grid is defaulted to surroune model with approximately 5%

overlap on the sides. Also note that the numbeet$ in the x and y dimensions cannot
be altered. This is because the number of rowscahunns and the locations of the cell
boundaries will be controlled by the refine poiatalentered at the wells.

2. Inthe Z-Dimension change Num cellszo

3. Select the OK button.

13 Initializing the MODFLOW Data

Now that the grid is constructed and the activetiva zones are delineated, the next
step is to convert the conceptual model to a gaiseld numerical model. Before doing
this, however, we must first initialize the MODFLOW¢ta:

1. Select theD Grid DataFolder in theProject Explorer
2. Select thelODFLOW|New Simulatiocommand.

3. Select theOK button.

14  Defining the Active/lnactive Zones

Now that the grid is created, the next step isefing the active and inactive zones of the
model. This is accomplished automatically using timformation in the local
sources/sinks coverage.
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1. Select theviap DataFolder® in theProject Explorer

2. Select theselect Polygontool

3. Select one of the polygons.

4. SelectPropertiesbutton
5. Confirm that the layer assignment is 1 to 2 anckdDK.
6. Select thd-eature Objects | Activate Cells in Coverage@nmand.

Each of the cells in the interior of any polygontire local sources/sinks coverage is
designated as active and each cell which is outsiddl of the polygons is designated as
inactive. Notice that the cells on the boundarg activated such that the no-flow

boundary at the top of the model approximately cidies with the outer cell edges of the
cells on the perimeter while the specified headndawies approximately coincide with

the cell centers of the cells on the perimeter.

15 Interpolating Layer Elevations

15.1

Now we need to define the layer elevations andthding head. Since we are using the
LPF package, top and bottom elevations are defimedach layer regardless of the layer
type. For atwo layer model, we need to defingyad elevation array for the top of layer
one (the ground surface), the bottom of layer @mgl the bottom of layer two. It is
assumed that the top of layer two is equal to titeon of layer one.

One way to define layer elevations is to importea af scatter points defining the
elevations and interpolate the elevations diretttlyhe layer arrays. In some cases, this
is done using one set of scatter points. In thsecwe will use two scatter point sets:
one for the ground surface and one for the elenatad the bottom of layer one and the
bottom of layer two. It is often convenient to ua@ scatter point sets in this fashion
due to the source of the points. Ground surfadetpare often digitized from a map
while layer elevations typically come from borehdbga.

Layer interpolation is covered in depth in theerpolating Layer Datdutorial.

Importing the Ground Surface Scatter Points

The scatter points have already been read in bedhey were included in the project
file that we read in the beginning. These poirame from importing a text file as
described in th@D Geostatisticsutorial. The scatter sets are hidden so we umHhide
them so you can see them.

1. IntheProject Explorer check the boxes next to the two scatter poirst saimed
terrain andelevs
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2. Make theterrain scatter point set the active one by selecting it in tReoject
Explorer.
A set of scatter point symbols should appear omibéel.
15.2 Interpolating the Heads and Elevations
Next, we will interpolate the ground surface eleMad and starting heads to the
MODFLOW grid.
1. Right-click on theterrain scatter set and select thdnterpolation To |
MODFLOW Layersnenu command.
This is the dialog that allows you to tell GMS wihidata sets you want to interpolate to
which MODFLOW arrays. The dialog is explained yul thelnterpolating Layer Data
tutorial.
2. Highlight theground_elevdata set and th8tarting Heads array, and click the
Map button.
3. Highlight theground_elevdata set and th€op Elevations Layer larray, and
click theMap button.
4. Select theOK button to perform the interpolation.
15.3 Interpolating the Layer Elevations
To interpolate the layer elevations:
1. Select theelevsscatter set to make it active.
2. Right-click on theelevsscatter set and select timterpolation To | MODFLOW
Layerscommand.
GMS automatically mapped ti@ottom Elevations Layer 1 and Bottom Elevations
Layer 2 arrays to the appropriate data sets based orataesdt name.
3. Select theOK button
15.4 Adjusting the Display

Now that we are finished with the interpolation, g&n hide the scatter point sets and the
grid frame.

1. Uncheck the scatter point sets in Br@ject Explorer

2. Uncheck the grid frame in tHeroject Explorer
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15.5 Viewing the Model Cross Sections

To check the interpolation, we will view a crosstem.
1. Select theD Grid DataFolder in theProject Explorer
2. Select a cell somewhere near the center of the Imode
3. Select the Sid¥iewbutton
To get a better view of the cross section, we wdtease the z magnification.
4. Select theDisplay Optionscommand .
5. Enter a value 05 for theZ magnificationfactor.
6. Select theOK button.
7. Select thd=ramebutton

You may wish to use the arrow buttons in Tl Paletteto view different columns in
the grid.

Note that on the right side of the cross sectibe, hiottom layer pinches out and the

bottom elevations are greater than the top elewsitid his must be fixed before running
the model.

15.6 Fixing the Elevation Arrays

GMS provides a convenient set of tools for fixiagdr array problems. These tools are
located in theModel Checkemand are explained fully in thieterpolating Layer Data
tutorial.

1. Select the MODFLOW | Check Simulation command.

2. Select the Run Check button.

3. Select the Fix Layer Errors button at the righthef dialog.
Notice that many errors were found for layer twbhere are several ways to fix these
layers. We will use th&runcate to bedrockption. This option makes all cells below
the bottom layer inactive.

4. Select thélruncate to bedrockption.

5. Select théFix Affected Layerbutton.

6. Select theOK button to exit thé=ix Layer Errorsdialog.

7. Select thédonebutton to exit theviodel Checker
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Notice that the layer errors have been fixed. Aaptvay to view the layer corrections is
in plan view.

8. SelectPlan Viewbutton
9. Inthe mini-grid display, select the down arrovto view the second layer.
Notice that the cells at the upper (Northern) edfgthe model in layer two are inactive.

10. Switch back to the top layer by selecting the up\ar .

16  Converting the Conceptual Model

We are now ready to convert the conceptual modainfithe feature object-based
definition to a grid-based MODFLOW numerical model.

1. Right-click on theEast Texasonceptual model and select thévlap To |
MODFLOW / MODPATH.ommand.

2. Make sure thé\ll applicable coveragesption is selected and sel&akK.

Notice that the cells underlying the drains, wedlsd specified head boundaries were all
identified and assigned the appropriate sourcdssiiThe heads and elevations of the
cells were determined by linearly interpolatingredahe specified head and drain arcs.
The conductances of the drain cells were determmedomputing the length of the
drain arc overlapped by each cell and multiplyihgttlength by the conductance value
assigned to the arc. In addition, the recharge tgmbtaulic conductivity values were
assigned to the appropriate cells.

17  Checking the Simulation

At this point, we have completely defined the MORL data and we are ready to run
the simulation. Let’s run thiglodel Checketo see if GMS can identify any mistakes we
may have made (thdodel Checkers explained in more detail in th&ror! Reference
source not foundtutorial).

1. Select theD Grid Datafolder  in theProject Explorer
2. Select thelODFLOW)| Check Simulatiocommand.
3. Select theRun Checloutton. There should be no errors.

4. Select thdDonebutton to exit thévlodel Checker
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18 Saving the Project

Now we are ready to save the project and run MODRLO

1. Select theSavebutton

Note: Saving the project not only saves the MODFL@WSs but it saves all data
associated with the project including the featwgects and scatter points.

19 Running MODFLOW
We are now ready to run MODFLOW.

1. Select thelODFLOW | Run MODFLOWommand. At this point MODFLOW
is launched and thidodel Wrappeiappears.

2. When the solution is finished, select tbsebutton.

20  Viewing the Head Contours

A set of contours should appear. To get bettetrashbetween the contours and the
background image, we will change the contour ctudslue.

1. Select the Data | Contour Options command.
2. Click on the down arrow on the contour Line stylgton.
3. Select a dark blue color.
4. Select the OK button to exit the dialog.
To view the contours for the second layer:
5. Select the down arrow in the mini-grid display.

6. After viewing the contours, return to the top lapgrselecting the up arrow.

21 Viewing the Water Table in Side View

Another interesting way to view a solution is idesiview.
1. Select theSelect Celtool
2. Select a cell somewhere near the well on the siglg of the model.

3. Select the Sid¥iewbutton
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Notice that the computed head values are usedtaplater table profile. Use the left
and right arrow buttons in the mini-grid displaynmve back and forth through the grid.
You should see a cone of depression at the weletWinished:

4. Select the PlaNiewbutton

22  Viewing the Flow Budget

The MODFLOW solution consists of both a head fitel @ cell-by-cell flow (CCF) file.
GMS can use the CCF file to display flow budgetuesal For example, we may want to
know if any water exited from the drains. This ¢@naccomplished simply by clicking
on a drain arc.

1. Select theviap DataFolder® in theProject Explorer.

2. Choose thé&elect Arcgool
3. Click on the rightmost drain arc.

Notice that the total flow through the arc is deg@d in the strip at the bottom of the
window. Next, we will view the flow to the river.

4. Click on one of the specified head arcs at thedbotnd view the flow.
5. Hold down theShiftkey and select each of the specified head arcs.

Notice that the total flow is shown for all selatt@rcs. Flow for a set of selected cells
can be displayed as follows:

6. Select the8D Grid DataFolder in theProject Explorer
7. Select a group of cells by dragging a box arouedctls.
8. Select théddata | Flow Budgettommand.
This dialog shows a comprehensive flow budgethergelected cells.
9. SelectDoneto exit the dialog.

10. Click anywhere outside the model to unselect tliks.ce

23 Conclusion

This concludes th&ODFLOW - Conceptual Model Approadhtorial. Here are the
things that you should have learned in this tutoria
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A background image can be imported to help you troos the conceptual
model.

It is usually a good idea to define the model baumdn a coverage and copy
that coverage whenever you need to create a nesrags.

You can customize the set of properties associatgd points, arcs and
polygons by using th€overage Setugialog.

Some arc properties, like head, are not specifiecsddecting the arc but by
selecting the nodes at the ends of the arc. Tlat the property can vary
linearly along the length of the arc.

A grid frame can be used to position the grid,ibutot required.

You must use thMap MODFLOW / MODPATHcommand every time you
want to transfer the conceptual model data to the g

You can specify things like layer elevations andraylic conductivities using
polygons in the conceptual model, but that willulegn stair-step-like changes.
For smoother transitions, you can use 2D scattetgand interpolation.
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