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1 A TWO DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce some of the features included in SVFLUX and will set up a model of a
simple earth fill dam. The purpose of this problem is to determine the effects a clay core and filter will have on
the final position of the phreatic surface and to determine the total flux that is passing through the dam. The
problem dimensions and soil properties are provided below.

ProjectID: Tutorial ProblemID: Earth_Fill_Dam

Al dimensions in m.

10

24
52
Dimensions created in SVFLUX.
Silt: Clay:
Suction (kPa) [Hydraulic Suction (kPa) [Hydraulic
Conductivity (m/s) Conductivity (m/s)
37.9 1.13E-08 9.8359 1.03E-09
61.76 1.77E-09 81.0514 3.87E-12
82.8 3.72E-10 98.5279 9.58E-13
100.76 8.87E-11 149.2637 9.53E-13
130.84 2.18E-11 ks=1.0E-09
169.07 3.92E-12
200 1.00E-12
ks=1.0E-07
Sand: ks=1E-04

1.1 ADDING A PROJECT

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

In order to add this project follow these steps:

1.  Select Model > Projects/Problems... from the menu to open the Projects / Problems form.
2. Click New Project... in the lower left of the form.
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3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B Hew Project

ey ProjectiD: |Tutarial

Cancel |

4. Type “Tutorial” as the new ProjectID and press OK.

The Project Properties form is where you information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define a project. The rest of the fields
are optional.
Tip!

The form is opened ready to accept information.

E3 Project Properties
Problems In Project: Project ]cuerrt | Phone | Client Address | Contractor | Project Engineer |
Project ICx Tutarial
Project Mame: |S"-.-"Flux tutarialz
Project Location: Saszkatoon, SH Canada

Project Start Date: Jan 01,2003
Project End Date: Jan 0252003

Project Motes: The tutorial example problems are stored
Lnder this project.

Eclt ProjectD... |

It should be noted that once the project is defined it would be identified by the ProjectID throughout the rest of
the program. Also, SVFLUX does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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1.2 ADDING A PROBLEM

Once a project has been created any number of problems may be stored in it.

B3 Projects / Problems I
E- % Tutarial — Selected Proklem

E-"% 2D Frojectin; | |

..... " Steady-State E—— : | I

L bW Transient i) tess [RETinise

\._ Plan System: | |

\.. Amizprnmetric Tune: [ ]

- % 30 ¥Re:
ProklemiCy | |
Creation Date: | |
Description:

Mewy Project. . | | Mesw Problem... : N

Delete I Edit PrablemiD. .. Op;en Mew Problem Forml Ok I Cancel I

When the Projects/Problems form is opened there will be a list of the projects that have been defined. In this
case there is only the Tutorial project. To add a problem:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in two-dimensions and is steady-state so we must expand 2D by
clicking the plus sign beside “2D”

3. Select Steady-State.

4. Click the New Problem button. The New Problem form will open.
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B Mew Problem |
Projectil: Tutorial |
Project Mame: |Tutu:uria| Manual Example Problems |
System: |2D |
Type: |Stead3-' State |
ProblemiC: IEarth_FiII_Dam

Creation Date: | blaw 15/200:

Description; A tutorial example problem.

Cancel

5. Enter the ProblemID: Earth_Fill_Dam. The description is optional.
6. Click the OK button to save the problem and close the New Problem form.
7. The new problem will automatically be opened in the workspace.
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1.3 OPENING THE PROBLEM

E Projects / Problems |

=] ™ Tutonal — Selected Problem

-\ 2D ProjectiD: Mutorisl |

E|‘= Steady-State Eroiact Name: |5"v"F| ol |

TR Earth_Fil_Dam FOICL Mame: Lo tutorials

N Transient System: 2D |

- Plan _— |St —— |

- N Awisymmetric YRE. S S

£ N1 ProblemiD: |Earth_Fill_Dam |
Crestion Date: |&pr 2520035 |
Description;

A tutorial example proklem.

Mewy Project ... I Mewy Problem... I

Delete | EcitProbiemo.. | Cancel

by

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

1. Navigate back to the problem via Tutorial, 2D, Steady-State.
2. Select Earth_Fill_Dam.
3. The problem may opened by clicking the OK button or by double clicking on the ProblemID.

1.4 DEFINING THE PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

1.4.1 Specify Settings

The first step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.
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E3 Settings

General lTime ] Initial Conditions ] Tranzient Formulation ]

System Unit=
* 20 (¥ Metric
Plzn " Imperial
Axizymmetric Time: m
30 Length: m
Force: b
Type Pressure: kPa
2 Bl O Conductivity: mis
Tranzient

The above choices are
read only. Problem choices
are =et wwhen a new
problem is created.

Zolution Files Path...

The Settings form will contain information about the current problem System, Type, Units, and Transient

Settings. The hydraulic conductivity data for the soils contained in the problem are reported as m/s so the time
units will remain s, for seconds.

1.4.2 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS. The button is located in the view toolbar to the left of the drawing space.
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& World CoordinateSysten |
—world Coordinate System — A D Wincowy
— Bottom Left — Bottom Left
® | -5.0000 | -5.000 M | -5.000 -5.000
—Upper Right —Upper Right
® 550000 ¥ | 40.000 ® 55,000 40.000

—Region Geometry Extents

—=urface Grid Extents

— Minitnim — hinitnLim

X 0000 v | 0.000 X |
— Maximum — Mdzimum

¥ 0000 v | 0.000 ¥ |

— Global Coordinate Offzet

: oooo| v 0.000| Set Offset..

*&) coordinate-related data will be adjusted by thiz offset on an import or paste operation. Adjusting
this offzet once data is entered will rezult in a problem-wide adiustment.

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.
4. Click OK to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The filter portion of the problem
has coordinates of a precision of 0.5m. In order to effectively draw geometry with this precision using the
mouse the grid spacing must be set to a maximum of 0.5.

5.  Select View > Grid Spacing from the menu.
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B3 Grid Spacing |

Hotizontal Spacing: I 05
Yertical Spacing: I 05

6. Enter 0.5 for both the horizontal and vertical spacing.
7. Click OK to close the form.

1.4.3 Define Material Properties
E Soils Manager

Soilindex | Soil Name [USCS Texture [ksat (miz)

307223 Fitter Sand San 1.00E-04 Tewy Soil |
71352 Sit Silt loam 1.00E-07 Impart Sail. |
965941 Core Clay Clay loam 1 .00E-09

Delete Soil |

Properies... |

| | Suppress Warning Messages

The next step in defining the problem is to enter the material properties for the three soils that will be used in
the model. A clay is defined for the core, the silt will make up the dam, and the filter will consist of a sand.
This section will provide instructions on creating the clay soil. Repeat the process to add the other 2 soils.

5

1. Open the Soils form by selecting Model > Soils from the menu or click the soils button,
in the Tools toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVFLUX forms.

3. Double-click on the new soil to open the Soil Properties form.
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E Soil Properties

Sail Index: 965941
Soil Mame: |C0re Clay
USCS Texture: |Cla3-' loam

Sail Description: |
Geologic Description: |

Miotes:

Thiz sail will make up the core in the 20 example
problem.

4.  Enter the information above into the appropriate fields on the Description tab

5. Move to the Hydraulic Conductivity tab.

Saturated Hydraulic Conductivity

ksat: 1.000E-09  mis

Unsaturated Hydraulic Conductivity

~

0o

S

Mone

Lakbaratary Data

Modified Camphell

van Genuchten and Mualem

Leang and Rahardjo

Anizotropy

ky-ratio: 1 Alpha,

Lakbaratary Data

Soil suction Hydraulic Cond. =
{kPa) {m/s)

[ 2 9.5354 1.03E-09

§1.0514 3.87E-12

95,5279 9.55E-13

149 2637 9.53E-13

[ *
=l =
-
=l —
Total Paints: 4
Paste Pairtz... | Scale k-Curve. ..
| g Graph... |

Ditference: -33.566%
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Refer to the data provided at the beginning of this tutorial. Enter the ks, value of 1.000E-09 m/s
Select Laboratory Data from the Unsaturated Hydraulic Conductivity option group.

Enter the laboratory data points as provided.

Move to the SWCC tab and ensure the None option is selected.

0. Repeat these steps to create the silt and sand soils.

BoO 0N

X To view the hydraulic conductivity curve of the laboratory data press the Graph button.
Tip!

1.4.4 Adding Regions

A region in SVFLUX is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVFLUX CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
water tables, text, and line art are defined on any given region.

This problem will be divided into three regions, which are named Dam, Core, and Filter. Each region will have
one of the soils just defined specified as its soil properties. To add the necessary regions follow these steps:

L
1. Open the regions form by clicking the Regions button, at the top of the workspace.

B Regions |
# |Mame | on | Lock | Sl | Shapes | a
P 1 Dam 7 = amasz =]
2 Core 7 = sesa41 =] 1
3 Fitter 7 =Y sorzzs x| 1
&

[y Delete flowe Lp fowe Dowen I

[ Display Boundary Condtion Graphics

Change the first region name from Region 1 to Dam. Highlight the name and type new text.
Select the Soil Index from the drop-down corresponding to the silt.

Press the New button to add a second region.

Change the name of the second region to Core.

Select the clay soil for the Core region.

Click New to add the third soil.

Name it Filter and select the sand as the soil.

Select the box Display Boundary Condition Graphics. This will display graphical
representations for the boundary conditions when they are defined later in this tutorial.
Click OK to close the form.

CoNoO kWM

=
o
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1.4.5 Defining Region Geometry Shapes

The shapes that define each soil region will now be created. Note that when drawing geometry shapes the
region that is current in the region selector is the region the geometry will be added to. The Region
Selector is at the top of the workspace.

Region Geometry

Dam Core Filter

X Y X Y X Y
0 0 24 0 40 0
40 0 24 10 40 -0.5
52 0 28 10 52 -0.5
28 12 28 0 52 0
24 12 24 0 40 0
20 10

0 0

e Define the Dam

1.

w

10.

Ensure the “Dam” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The cursor will now be changed to cross hairs.

Move the cursor near (0,0) in the drawing space. You can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

When the cursor is near the point, right click. This will cause the cursor to snap to the point
(The SNAP and GRID options in the status bar must both be bold).

To select the point as part of the shape left click on the point.

Now move the cursor near (52,0). Right click to snap the cursor to the exact point and then left
click on the point. A line is now drawn from (0,0) to (52,0).

Move the cursor near the point (28,12). Right click to snap the cursor to the point. Left click on
the point and a line is now drawn from (52,0) to (28,12).

Move the cursor near the point (24,12) and right click snapping the cursor to the point. Left
click on the point to draw a line from (28,12) to (24,12).

Move the cursor near the point (20,10) and right click snapping the cursor to the point. Double
click on the point to finish the shape. A line is now drawn from (24,12) to (20,10) and the shape
is automatically finished by SVFLUX by drawing a line from (20,10) back to the start point,
(0,0).

If the dam geometry been entered correctly the shape should look like the following:
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_— E' Select a shape with the mouse and press the Delete button, ~  if a mistake was made entering
Tip!  ihecoordinate points for a shape. This will remove the entire shape from the region. To edit the
shape use the Region Properties form.

e Define the Core
In the instructions for drawing the dam shape the mouse was used. To draw the core the
instructions below explain the use of the command line to create the core shape.

1. Ensure that “Core” is current in the region selector.

Click on the Draw Polygon Region Shape button,

The command line will be set to Start Point and the cursor focus will be in the command line.
Type 24,0 and press the Enter key on the keyboard.

Type 28,0 and press Enter.

Type 28,10 and press Enter.

Type 40,0 and press Enter.

Type 24,10 and press Enter.

Type fand press Enter to complete the region shape.

©oOoNOO~WN

o Define the Filter
Draw the filter using either the mouse or command line referring to the coordinate points in the
above table.

k At times it may be tricky to snap to a grid point that is near a line defined for a region. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.
Tip!
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e Formatting a Shape
To set the Dam region shape to a solid blue:

1. Select the Dam shape in the drawing space.

By . .
2. Press the Object Properties button, to open the Region Properties form:

B Region Properties
Region: Cram Mumber of Shapes: 1
Sail: |itt = Domirant Shape: | 444350507 = |

Shapes Display Propetties l
Border
Style: |Salic ]

Calar: .
Wisight: 1| pixelz

Fill

Style: Solid

Foreground Calor: .

Background Calor: .

Mesh Spacing: | [ Sticky Points - Global Setting (]8

3. Click the Fill Style button. The Fill form will open.
4. Select the solid fill style and press OK.
5. Click the Foreground color box on the Region Properties form. The Color Palette will appear.
6. Select ablue color and press OK.
7. Close the Region Properties form by pressing OK.

Repeat these steps to give the core a solid black fill and the filter a solid grey fill.

After all the region geometry has been entered it will as appear like this:
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1.4.6 Specify Boundary Conditions

Now that all of the regions and the problem geometry have been successfully defined, the next step is to specify
the boundary conditions. A head of 10 m will be defined on the upstream face of the Dam region with the Zero
Flux condition being applied to the remainder. The Core will be set to a Zero Flux condition by default and will
not need to be altered. The Filter will have a head of —0.5m at its base. The steps for specifying the boundary

conditions are thus:

e Dam

1. Select the “Dam” region in the drawing space.
2. From the menu select Model > Boundaries. The boundary conditions form will open. By

default the first boundary segment will be given a Zero Flux condition.

B Boundaries E2

[ Region:  Dam Select Shape Index: | 444350507 = |
L |‘r‘ |Eluundar\,-' Condition |Expreasiu:un or Data |Lln'rt3

1] 0 Zera Flux

40 0 Cortinue

52 0 Cantinue

28 12 Cortinue

24 12 Continue

Update Selected Segment Segment Lencth: 22361 m
1. Select Boundary Condition: |Head Expression ;l m
2. Prowide: al " Expression; 10 Biuild Eguation. .. |
_ar - Expr Reference... |
by 50 Flus Date e | [-]
3. Update | el [T Evaporation noexs | ;l [optional)
MNOTE: houndary conditions defined at a poirt remain in effect until re-defined at a subseguent point ok

3. Select the point (20,10) from the list.
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4. From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Expression box to be enabled.

5. Inthe Expression box enter a head of 10.

6. Click the Update button to save the boundary condition to the list.

K The Zero Flux boundary condition for the point (0,0) becomes the boundary condition for the
following line segments that have a Continue boundary condition until a new boundary condition
Tip ! isspecified. In this case the line segments from (0,0) to (52,0), (52,0) to (28,12), (28,12) to
(24,12), and (24,12) to (20,10) are all given a zero flux boundary condition. By specifying a head
of 10 at point (20,10) the boundary condition for the line segment extending from (20,10) to (0,0)
is set to a head equal to 10m.

o Filter
B3 Boundaries

[ Region:  Fitter Select Shape Indesx: | 514621734 = |
® |‘r‘ |Elaundar\,-' Condition |Expre&sian or Data |Lln'rt3
40 a Fero Flux
52 05 Zero FlL
52 1] Continue

Update Selected Segment Segment Length: 12 m

1. Select Boundary Condition: |Head Expression j m

2. Provide: +  Expression; -0.5 Bluild Equation. .. |

-ar - Expr Reference... |
= | K
3. Uprhate: ' | | roptional)

NOTE: houndary conditions defined at a poirt remain in effect until re-defined at a subseguent point K

1. Select the Filter region from the drawing space.

Press the Boundaries button, to open the Boundaries form.

Select the point (40,-0.5) from the list.

In the Boundary Condition drop down select a Head Expression boundary condition.
Enter the value -0.5.

Click the Update button to save the change.

Select the point (52,-0.5) from the list.

In the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the change.

0. Click OK to return to the workspace.

BOo~NOOGORM~WN
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1.5 SPECIFYING A FLUX SECTION

Flux sections are used to report the rate of flow across a portion of the problem for a steady state analysis and
the rate and volume of flow moving across a portion of the problem in a transient analysis.

1. Click on the Flux Section button, + .

With the mouse click on the point (40,-05).

3. To finish the Flux Section click on the point (40,6). A blue line with an arrow on the end
should be drawn across the dam.

4.  Select Model > Flux Sections from the menu. The Flux Section List form will open.

Select Flux 1 from the list.

6. Click Properties to open the Flux Section Properties form.

N

o

B Flux Section Properties |

—Flux Section

umber: |1 |

Drrawvn on Region: |Firter |

Restrict Report to Region: |Dam ;l

—Lakel — Paint=

Tesd: Flux 1 | X ¥

40 -0.5
Dizplay: 7 4 0 =

Edit...

— Titme (=)

Chatt: Continue from Enc1:

et

——
Efidl2: —

e s

Emi;

1

¥ Include Report
[ include History Graphs Sdvanced. |

Outpt Options
¥ PLOT [dizplay and write 1o file)
[ MoMTOR [dizplay in salver)
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7.
8.
9.
10.
11.
12.
Tip!

The flux section has been drawn such that it overlaps both the Dam and Filter regions. The flux
section report is only desired for the Dam region in this tutorial. Select Dam from the Restrict

Report to Region drop-down.

Notice that the flux section label is partially on the region boundary in the workspace. To move
the label location, first click the Edit button to open the Format Textbox form.

]|

B Format Textbox
Patterns |F|:|r|t I
Text: [Pl 1
WWCS Location (4 ) f 41000 | 7.000
— Barder —Fill
0 mgtomatic A tomatic
= Custom ' Custom
' MNong & Mone
Style: ISDIid = I Color:
Colar: .
Vgt I 1 *I pixels
8]

Enter 41 and 7 in the WCS Location fields.
Press OK to close the form.

Close the Flux Section Properties form.
Close the Flux Section List form.

Flux Section labels can be formatted in the same manner as regular textboxes.

1.6 SPECIFY PLOTS

There are many plot types that can be specified to visualize the results of the model. A few will be generated

for this tutorial example problem including a plot of the solution mesh, pressure contours, head contours, and
gradient vectors.

1.

Open the Plot Manager form by selecting Model > Plot Manager from the menu.
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B Plot Manager
Type | Title | “ariable | Region | -
a &t Pressure L
wll Head h
= Gracierts o cracy
_‘Flf% e
_F‘lgé_ Mesh
— ey
Properties... | Set Al PLOTMOMTOR... | Settings... |
Bl b |2 ;
fll o T B |
ﬁ|h‘|_}| |ﬁ| ‘ J| Delete Custam. .
oK
2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.
E Plot Properties B
Description l T ]
S Title: [Pressure Cutput Options
Variable: |u j [v PLOT (dizplay and write to file)
[ MOMTOR (display in solver)
Restrict to Region: | j
3. Enter the title Pressure.
4.  Select u as the variable to plot from the drop-down.
5. Select the PLOT output option.
6. Click OK to close the form and add the plot to the list.
7. Repeat these steps 2 — 6 to create the plots shown above.
8. Click OK to close the Plot Manager and return to the workspace.

1.7 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
this tutorial example problem: a transfer file of heads, and a plot to transfer the results to AcuMesh. Note that
the file HeadTransfer.trn is already present. It is generated by default for every problem.
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1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B OQutput Manager
Type |File Mame |'\-"ariables | Region | s
= | ﬁ Acumesh dat u b kx by Grads, Grady
x TranzferHead trn h
=]
— ey
Properties... | Set All'vWrite File. .. Settings... Custom...
]| =
oes .

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the AcuMesh button to begin adding the output file. The Output File Properties form will open.

B2 Output File Properties ]
De=cription l
File Mame: |.ﬂ~|:ur-.-133h Lt
Sariables: |u,h,kx,ky,Gradx,Grady
“ariable List: Wariable Yariable Mame -
u Pare-yWater Pressure
h Head
hp Preszure Head
ki * Hydraulic Conductivity
ky Y Hydraulic Conductivity ﬂ
Zelect Al Add Selection |
[ wite File

3.  Enter the title AcuMesh.

4.  Select the variables u, h, kx, Ky, gradx, and grady in the variable list.



SoilVision Systems Ltd. A Two Dimensional Example Problem Page 24 of 60

5. Pressthe Add Selection button.

6. Check the Write File box.

7. Click OK to close the form and add the output file to the list.

8. Click OK to close the Output Manager and return to the workspace.
1.8 ANALYZE

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem.

1.9 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for each plot that was generated.

1.9.1 Solution Mesh

L B S S B B B [ S B B S [ B B B B N B B B B I B R
0.

Examples_Earth_Fill_Dam: Grid#1 pZ MNodes=387 Cell=165 RMS Er= 9.9a-4
Stage 2

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas such as the Dam — Filter contact where there is a significant change in hydraulic conductivity.
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1.9.2 Pressure Contours

0.
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2.8

Examples_Earth_Fill_Dam: Grid#1 p2 Modes=3587 Cellz=166 RMS Err= 5 9e-4

Stage 2 Integral= 5129.242

The most important contour in the above plot is the one that corresponds to zero pressure. This contour
represents the phreatic surface. All soil that lies below this line is saturated and all soil that lies above this line
is considered to be unsaturated. The above design would be acceptable as the water table exits the dam at the
beginning of the filter. If the water table had extended to the toe of the dam, there would be concern that the

toe of the dam would become unstable due to piping failure.
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1.9.3 Head Contours
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Examples_Earth_Fill_Dam: Grid#1 p2 Nodes=337 Cellz=166 RMZ= Err= 8.9e-4
Stage 2 Integral= 1961 5158

As expected, most of the head is dissipated in the core of the dam. This is illustrated in by how close the
contours are in the core. The maximum head in the problem occurs on the upstream face of the dam and is
equal to ten. This is expected, as this was the boundary condition set on the upstream face of the dam. The
lowest head occurs at the filter and is equal to —0.5m.
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1.9.4 Flow Vectors
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Flow Vectors show both the direction and the magnitude of the flow at specific points in the problem. The low
conductivity of the core causes the majority of the flow to go up and over the core causing increased gradients
in this area. The other area of interest is at the filter. Vectors illustrate that flow is exiting the dam in this
region.

1.9.5 Flux Report

Flux Section Report: Flux 1 and Dam

X Component of Flow in (m?3/s)= 2.372461e-8

Y Component of Flow in (m”*3/s)=  0.00
Normal Flow in (m”?3/s)= 2.372461e-8

The Flux through the problem is displayed in the form of report showing a breakdown of the X, Y, and Normal
components of flow through the problem.
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2 2D STOCHASTIC EXAMPLE

A single run of a numerical model is often not sufficient. SVFLUX implements the ability to incorporate
statistical uncertainty into the input of soil properties. This tutorial section guides the user through the setup and
execution of a problem implementing the stochastic or statistical features available in SVFLUX.

The earth dam example presented in Section 1 is extended to incorporate a variation in the slope of the
unsaturated portion of the hydraulic conductivity curve. The current example makes use of the Modified
Campbell method of estimating the unsaturated hydraulic conductivity. The slope of the unsaturated portion is
controlled by a “p” parameter. Instead of specifying a single value for this parameter a Monte Carlo analysis

will be used to generate 50 runs of the same problem varying the “p” parameter of the Modified Campbell
estimation method.

Why do we want to do this? In this example we want to determine the influence of the slope of the unsaturated
hydraulic conductivity curve on the difference in flow through the core or over the top of core. The unsaturated
hydraulic conductivity curve is often not measured and it is useful to determine the sensitivity of flow through
various portions of the dam on this curve.

The final problem is presented in the distribution database under the VerifyStage > 2D > Steady State >
EarthFillDamSto problem.

21 CREATE A NEW PROBLEM

The first step in creating the stochastic problem is to save a copy of the example problem created in section 1.
This is accomplished through the following steps:

B Save Problem As |

Existing Problems:

i zurrent Problem

Eatth_Fill_Dam
o ProjectD: | Tuterial |
ED_Tran.stlent Type; |5‘teady State |
EDED_Initizl
ED3D_Transisnt ProblemiD: | Esrth_Fill_Dam |
EvapTutarial
OLtFlonne —Save Problem Az
Ot Tutar
ProjectD:  [Tutorial Bl
Type: |Steady State ;l
Prahlemil: |Ear‘th9h:-

1. Open the Tutorial > Earth_Fill_Dam problem,
2. Select Model > Save Problem As...
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3. Type the name “EarthSto” and click OK.

Now a new problem has been created and loaded into the workspace that will be modified to include stochastic
analysis.

22 SET STAGES

The second step is to describe the number of stages/runs that will be used in the analysis. Stages are controlled
in SVFLUX by opening the Model > FEM Options form. The STAGES field should be set to 50 under the
Stage Settings area of the form. Click Yes for the warning message and then close the FEM Options form.

2.3 MODIFY SOIL PROPERTIES

The next step that must occur is that the Modified Campbell “p” parameter will be staged. In this example the
parameter will be set to have a mean value of 5 and a standard deviation of 2. This staging is accomplished
through the following process:

Select Model > Soils Manager ... to open the list of current soils,

Select the “Silt” and click the “Properties...” button,

Click the “Stage Parameters...” button located in the lower left of the form,
Select the “Mcampbell p” parameter and click the “Include” button,

Select the “Mcampbell p” parameter again,

Click the “Stage Values...” button,

Click the “Stage Distribution...” button,

Select “Monte Carlo Normal” as the distribution method,

Enter a mean of 5 and a standard deviation of 2 and click the Add button,

CoNSU~WNE

B Stage Distribution |

— Distribution Method ———— —=ettings

(9 = stageHarmal Problem Stages: S0
C o stae Monmal Mean: I =
honte Carlo Maormal Standard Deviation: I 2

o

= Monte Carlo Log Rormal fof T I—
i Triangular [l [ I—
{ Uniform Ptz Rl I—
"~ Exponertial

" Poiz=on

Cancel |

10. A list of 50 generated values should now be displayed in the list box.
11. Press OK on all remaining forms to close them.
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The parameter has now been staged.

24 OUTPUT

Since we are trying to determine the amount of flow through different portions of the dam we will place flux
sections at the right hand side of the dam core in addition to the flux section already present near the filter.

The flux sections should have the following coordinates: Flux 2 (28,0) to (28,10), Flux 3 (28,10) to (28,12).

The flux sections may be drawn graphically or entered through the Model > Flux Sections... menu option.
Refer to Specifying a Flux Section in this manual for instructions on adding Flux Sections.

B Flux Section Properties B Flux Section Properties

Flux Section Flux Section
Murmber: 2 Murmber: 3 %
Draiwvn on Region: ZDam%- Drawen on Region: ZDa-r:n )
Restrict Report to Region: - Eestrict Report to Region: ot
Label Poirts Label Pairts
Teut: Flu 2 [ X Y Text: Flux 3 [ X ¥
] 0 3 6 10
Dizplay: ¥ b Display: v
s [ = 10 ks T = 12
Eclit... Ecit..,
Time (=) Tirme: (5]
]7 Continue. from Enclt: ]7 Continue fram Enc:
W Include Report W Include Report
W Include History Graphs Advanced.. W Include History Graphs Advanced...
Cutput Crptions Output Cptions
W PLOT idizplay and write to file) W PLOT [display and write ta file)
[~ MOMITOR (dizplay in solvet) [~ MOMITOR (dizplay in solver]

2.5 PROBLEM SOLUTION

Clicking the Analyze button will initiate problem solution. Attention should be directed to the stage display in
the finite element solver. Once a particular stage is complete the next stage will automatically be initiated. The
various flows through differing portions of the earth dam may be seen in the output of the flux section history

plots for flux sections 2 and 3.

From these history plots it can be seen that the model is quite sensitive to the slope of the unsaturated hydraulic
conductivity curve.
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3 A THREE DIMENSIONAL EXAMPLE PROBLEM

The following example will introduce you to the three dimensional SVFLUX modeling environment. This
example is used to investigate the flow and pressure conditions existing within a slope due to a holding pond at
the crest. The example is modeled using 2 regions, 2 surfaces, and 1 soil. The problem data and soil properties
are provided below.

ProjectID: Tutorial ProblemID: Reservoir3D

Reservoir3D

Tutorial Soil - Reservoir3D: Ksat = 2.512E-06 kPa
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3.1 ADDING A PROJECT

The first step in defining a problem is to decide the project under which the problem is going to be organized.
If the project is not yet included you must add the project before proceeding with the problem. In this case, the
problem is placed under a project called Tutorial.

In order to add this project follow these steps:

1. Select Model > Projects/Problems... from the menu to open the Projects / Problems form. If a
project named Tutorial already exists skip to section 3.2 Adding a Problem.

2. Click New Project... in the lower left of the form.

3. The Project Properties form is opened along with a prompt asking for a new ProjectID.

B New Project

Meswy ProjectiD: [Tutorial

Cancel |

4.  Type “Tutorial” as the new ProjectID and press OK.
The Project Properties form is where your information specific to each project is stored. This will include the
Project ID, Project Name, Location, Start Date, End Date, Project Notes, client information, contractor and
project engineer information.

K The Project ID is the only required information needed to define a project. The rest of the fields
__~==  areoptional.
Tip!

The form is opened ready to accept information.
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B Project Properties ﬂ

Problems In Project: Project | Cliert | Phore | Cliert Address | Cortractor | Project Engineer |
Project D Tutarial |
Praject bame: IS"-.-"Fqu Tutorials
Project Location: —askatoon, SK, Canada

Project Start Date: Ir-.ﬂay' 2002005
Project End Date: IMa':.f 2052005

Project Motes: The tutorial example problems are stored ﬂ
under thiz project.
=i

Edt ProjectiD.. | oK

It should be noted that once the project is defined it will be identified by the ProjectID throughout the rest of
the program. Also, SVFLUX does not allow you to specify two projects with the same ProjectID.

5. Fill out the form with the desired information.
6. To exit this form and return to Projects / Problems click OK. The project information is
automatically saved upon entry.
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3.2 ADDING A PROBLEM

B Projects / Problems x|
- Examples [11] — Selected Problem
=% Tutorial ProjectiD: | |
H- % 2D ; :
%\ Plan Project Mame: | |
BTN Axispmmetric Syatem: | |
= N o]
S Tvpe:
i Steadp-State P | |
A Transient ProblermiCy | |
Creation Date: | |
Demao &vailable: [
Description:
Mew Project.. | [ HewProbiem.: |  EdtProblemiD.. |
Project Propetties. . I Delete Open Mew Problem Furm| Ok Cancel

Once a project has been created any number of problems may be stored in it. When the Projects/Problems form
is opened there will be a list of the projects that have been defined. To add a problem to the Tutorial project
follow these steps:

1. Click on the plus sign and expand the project Tutorial.

2. This example will be modeled in three-dimensions and is steady-state so we must expand 3D by
clicking the plus sign beside “3D”

3. Select Steady-State.

4. Click the New Problem button. The New Problem form will open.
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B New Problem |

ProjectiD: Tutarial |

Project Mame: |S'\-"Flux Tutarials |

System: |3D |

Twpe: |Stead3-' State |

ProblemiC: IReservukSD

Creation Date:  |May 2002005 |

Description; A 3-Dimensional tutarial example proklem.

5.
6.
7.

[

Cancel |

Enter the ProblemID: Reservoir3D. The description is optional.
Click the OK button to save the problem and close the New Problem form.
The new problem will automatically be opened in the workspace.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 37 of 60

3.3 OPENING THE PROBLEM
x

- Examples [11] — Selected Problem
E|\._ Tutarial [1] PraojectiD: |Tutu:urial |
H- % 2D : : .
#-\_ Flan Project Mame: |SVFqu Tutarials |
\.. Asizymmetric System: s |
=% 30 (1)
: Type: Steady State
E3-\_ Steady-State (1) ® [Steady l
i Lo Reservoir3D PraklemiC: |Reservu:uir3D |
W Transient Creation Date: [Mary 2002005 |
Demao &vailable: [
Description:
A, 3-Dimensional tutorizl example problem.

MewProject.. | MewProblem.. | Edit ProblemiD... |

Project Propetties. . I Delete | Ok Cancel

If the problem was just added it will already be open in the workspace. When returning to the problem follow
these steps to open it in the workspace:

1. Navigate back to the problem via Tutorial, 3D, Steady-State.
2. Select Reservoir3D.

3. The problem may opened by clicking the OK button or by double clicking on the ProblemID.

34 DEFINING THE PROBLEM

The following section provides instructions on how to begin defining the problem in the workspace.

3.4.1 Specify Settings

The first step in defining the problem is to specify the settings that will be used for the problem. To open the
Settings form select Model > Settings in the workspace menu.



SoilVision Systems Ltd. A Three Dimensional Example Problem Page 38 of 60

B3 Settings ﬁl

General |Time I Initial Conditions I Tranzient Formulation

— System — 7 [ Unit=
7 ap % Metric
1 Plan " Imperial
1 Aisvmmettic Titme: m
(®) 3D Length: m
Force: kr
iz Pressure: kPa
(s} Steady-state Conductivity: mis
) Transiert

The above choices are
read only. Problem choices
are =et wwhen a new
problem is created.

Zalution Files Path... o34

The Settings form will contain information about the current problem System, Type, Units, and Transient
Settings. The hydraulic conductivity data for the soils contained in the problem are reported as m/s so the time
units will remain s, for seconds.

3.4.2 Setting the Workspace

Before entering any problem geometry it is best to set the World Coordinate System to ensure that the problem
will fit in the drawing space.

1. Access the World Coordinate System form by either of two ways. Click on the button: or
select View > WCS Settings.... The button is located in the view toolbar to the left of the
drawing space.
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89 World Coordinate System x|
WCS | Global Maditiers |
—world Coordinate System —CAD WIndow
— Bottom Lett —Bottom Lett
¥: | 5000 | -5.000 ¥ | -5.000 -5.000
adl
— Upper Right — Upper Right
*|
¥ | 30000 v | 30.000 K | 30.000 30.000
—Region Geometry Exterts —Surface Grid Extents
— hinirmum — hinimum
b pooo v | X 0.000] 0.000
4
— Maximum — Mlaximum
¥ oooo) v | ¥ 10.000| 10.000

2. Enter the world coordinate system coordinates as shown above.
3. Also set the CAD Window (drawing space) coordinates.

4. Click OK to close the form.

The workspace grid spacing needs to be set to aid in defining region shapes. The geometry data for this
problem has coordinates of a precision of 1m. In order to effectively draw geometry with this precision using
the mouse the grid spacing must be set to a maximum of 1.

5. Select View > Grid Spacing from the menu.

x

Hotizontal Spacing:

Wertical Spacing:

—
—

QK

6. Enter 1 for both the horizontal and vertical spacing.

7. Click OK to close the form.
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3.4.3 Define Material Properties

B Soils Manager x|

Solindex. [ Soil Mame [USCS Texture [ksat (mis)

186670 Tutarial Soil -Reservoir 30D 2 51E-06 ey Soil I
Impport Sail. . I
Delete Sail I

Properties... I

[ Suppress Warning Messages

The next step in defining the problem is to enter the material property for the soil that will be used in the model.
It will be defined for both the slope and reservoir regions.

1. Open the Soils Manager form by selecting Model > Soils Manager... from the menu or click the

soils button, in the Tool toolbar.

2. Click the New Soil button to create a soil in the database. A unique Soil Index is generated that
is used to reference the soil in other SVFLUX forms and the Soil Properties form will open
automatically.

3. Double-clicking on a soil in the list will also open the Soil Properties form.
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|
Dezcription |Hydraulic Conductivity I ST I Yolume-hass Parameters | Sink/Source
Sail Inclex: 186670
Soil Matne: |Tutnria| Sail -Reseryair3D
LSCS Tesxturs: | ]
Soil Description: |
Geologic Description; |
Motes: Thiz is the =soil for the entire region. ﬂ
Stage Parameters.. | 0K
4. Enter the information above into the appropriate fields on the Description tab
5. Move to the Hydraulic Conductivity tab.
6. Refer to the data provided at the beginning of this tutorial. Enter the ks, value of 2.512E-06 m/s.
7. Select None from the Unsaturated Hydraulic Conductivity option group.
8. Press OK on the Soils Manager form to close both forms.

3.4.4 Define 3D Surfaces

This problem consists of two surfaces and each will be defined by a different method. By default every
problem initially has 2 surfaces.

e Define Surface 1
This surface will be defined by providing a constant elevation.

ogapwhd B

Select Surface 1 in the Surface Selector located at the top of the workspace.

Click the Surface Properties button, ﬁ adjacent to the Surface Selector.
For the Surface Definition option, select Expression (Relative)

Open the 2d: Expressions tab

Enter a Surface Expression of 0.

Click OK to close the form.
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e Define Surface 2

This surface will be defined by providing a grid of (X,Y) points and corresponding elevations.

1. Select Surface 2 in the Surface Selector.
2. Click the Surface Grid Setup button, ﬁ
3. For Surface Definition, select Elevation Data.
4. Open the 2a: Grid tab. There will be default grid lines of 0 and 10 present. Click the Add
Irregular button to open the Add Irregular X Gridlines form.
5. Enter0, 2, 3, 14, 21, and 24.
6. Click Add to add the gridlines and close the form.
7. Select 10 from the list.
8.  Press Delete.
¥ Grid Lines Y 'rid Lines
{t Add Regular ... |
10
11 Add Irregular ... I
16
17 Ecit... |
o Delete |
Total: 53
Total Grid Paints: 36

9. Move to the Y Grid Lines tab and click the Add Irregular button to open the Add Irregular Y
Gridlines form.

10. Enter 0, 10, 11, 16, 17, and 27.

11. Click Add to add the gridlines and close the form.

X You can import XYZ data, paste surface data, or paste surface grid data in this menu for faster
__ == dataentry.
Tip!

Now that the grid has been set up, elevations must be specified for all the grid points:
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1. Click the 2b: Elevations tab to view the elevations for surface 2.
x|
Surface 2 = =urfacelbata_2 | Lock

1: Definition | 2 Grid 20 Elevations | 2c: adjust Data | 20t Expression | 3 Minax |

X Y z -

0 0 11

0 10 11

0 11 10

0 16 10

0 17 11

0 27 11

2 0 11

2 10 11 —

2 11 10

2 16 10

2 17 11

2 27 11

3 0 11

3 10 11

3 11 11

3 16 11

3 17 11 |
Mo | 0000 | 0000 | 100
Max: | 24000 | 24000 | 1100

Expression Beference. .. |

2. Enter the elevations as provided in 3D Example Problem Data.

3. Press OK to close the form.

The grid for surface 2 can be made viewable in the workspace.

N

Press OK to close the form.

Click the Open Surfaces Form button, gl
Click the Grid check box for surface 2. A check mark should appear in the box.
Click the Grid check box for Surface 1. The check mark should disappear.
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3.4.5 Adding Regions

A region in SVFLUX is the basic building block for a model. A region represents both a physical portion of
soil being modeled and a visualization area in the SVFLUX CAD workspace. A region will have a set of
geometric shapes that define its soil boundaries. Also, other modeling objects including features, flux sections,
water tables, text, and line art can be defined on any given region.

This problem will be divided into 2 regions, which are named Slope and Reservoir. To add the necessary
regions follow these steps:

I
1. Open the regions form by clicking the Regions button, at the top of the workspace.

x

# | Mame | on | Liock |:
1 Slope L7 =
| 2 Reservor i =1l

=N I hlovve L |

Delete I hlovve Do | il |

Change the first region name from R1 to Slope. Highlight the name and type new text.
Press the New button to add a second region.

Change the name of the second region to Reservoir.

Click OK to close the form.

aorwN

3.4.6 Defining Region Geometry Shapes

The shapes that define each region will now be created. Note that when drawing geometry shapes the region
that is current in the region selector is the region the geometry will be added to. The Region Selector is at
the top of the workspace. Refer to the 3D Example Problem Data section for the geometry points for each
region.

e Define the Slope region
1. Ensure the “Slope” region is current in the region selector.

Click on the Draw Polygon Region Shape button,

The command line will be set to Start Point and the cursor focus will be in the command line.
Type 0,0 and press the Enter key on the keyboard.

Enter the remaining coordinates (14,0), (24,0), (24,27), (14,27) and (0,27).

Type f and press Enter to complete the region shape.

Sk wnN
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If the Main geometry has been entered correctly the shape should look like the following:

| N
_—S Select a shape with the mouse and press the Delete button, ~  if a mistake was made entering
Tip!  ihecoordinate points for a shape. This will remove the entire shape from the region. To edit the

shape use the Region Properties form.

o Define the Reservoir
In the instructions for defining the Slope shape the command line was used. To draw the
reservoir the instructions below explain the use of the drawing tool to create the Reservoir

shape.

1. Ensure that “Reservoir” is current in the region selector.

N

Click on the Draw Polygon Region Shape button,

3. Move the cursor near (0,10) in the drawing space. You can view the coordinates of the current
position the mouse is at in the status bar just above the command line.

4. When the cursor is near the point, click the left mouse button. The cursor should automatically

snap to the point (0,10) as long as the cursor is close to the point and the SNAP and GRID

options in the status bar are both bold.
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5. Now move the cursor near (3,10). Left click on the point. A line is now drawn from (0,10) to
(3,10).

6. Repeat this process for the remaining points. If a mistake is made simply press the delete key on
the keyboard and start over.

7. For the last point (0,17), double click on the point to finish the shape. A line is now drawn from
(3,17) to (0,17) and the shape is automatically finished by SVFLUX by drawing a line from
(0,17) back to the start point, (0,0).

K At times it may be tricky to snap to a grid point that is near a line defined for a region. Turn the
object snap off by clicking on “OSNAP” in the status bar to alleviate this problem.
Tip!

e Formatting a Shape
To set the Slope region shape to a solid blue:

1.  Select the Slope shape in the drawing space.

=] . .
2. Press the Object Properties button, to open the Region Properties form:

B Region Properties 5[
Region; |Slupe
— Pairts
X Y Fillet Radius Mesh =
Spacing
[ 2 0 0 0
14 1] n Inzert Poirit I
24 0 0 — I
74 77 o Divide Segment...
14 27 o Delete Points: Select Pairts,
| o r o Press DEL key
B Paste Data..
— Display Properties
— Boarder —Fill
Style: [Soiic ] Style: | |soiia
Colar; [ | Foreground Colar; B
Weight: I 1= I pixels Background Calor: .
Mesh Spacing: | [ Sticky Points - Global Setting 0K

3. Click the Fill Style button. The Fill form will open.
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Select the solid fill style and press OK.

Click the Foreground color box on the Region Properties form. The Color Palette will appear.
Select a blue color and press OK.

Close the Region Properties form by pressing OK.

Nooa

Repeat these steps to give the Reservoir a solid gray fill.

After all the region geometry has been entered it will as appear like the diagram at the beginning of this tutorial.

3.4.7 Specifying a Soil by Region and Layer

Each region will cut through all the layers in a problem creating a separate “block” on each layer. Each block
can be assigned a soil or be left as void. A void area is essentially air space. In this problem all “blocks” will be
assigned a soil.

1. Select “Slope™ in the Region Selector.

=

2. Press the Region Soils button, at the top of the workspace to open the Region Soils form.

B3 Region 5o El

Reiar: Slope |

Bound By Layer | Sail |

4 Surface 2
Surface 1

1 [Tutorial Soil -Re: = |

Select the Tutorial Soil —Reservoir3D soil from the drop-down for Layer 1.
Select “Reservoir” in the Region Selector.

Press the Region Soils button, = at the top of the workspace to open the Region Soils form.
Select the Tutorial Soil —Reservoir3D soil from the drop-down for Layer 1.
Close the form using the OK button.

Noo Mo
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3.4.8 Specify Boundary Conditions

Now that all of the regions, surfaces, and the soils have been successfully defined, the next step is to specify the
boundary conditions on the region shapes. A number of heads will be defined on the Slope region segments
with the Zero Flux condition being applied to the remainder. The Reservoir will be set to a have a head of
10.5m as a Surface 2 boundary condition. The steps for specifying the boundary conditions include:

1.  Select the “Slope” region in the drawing space.

2. From the menu select Model > Boundaries. The boundary conditions form will open and
display the boundary conditions for Surface 1. These boundary conditions will extend from
Surface 1 to Surface 2 over Layer 1. By default the first boundary segment will be given a Zero
Flux condition.

x

Location
’7 [ Region: Slope i Surface: ISurface1 'I

Segment Boundary Conditions I Surface Boundary Concitions |

Boundary Condition Expression or Data

14 ] Head Expression 7 m
24 ] Cartinue

24 27 Cartinue

14 27 Fero Flux

] 27 Cartinue

Update Selected Segment Zegment Length: 14, m

1. Select Boundary Condition: |Zeru:| Flu ;l

2. Provice: ) & Expression Buid Equation.. |

_ar - Expr Beference. . |

by € Precipiation ndex: | =1

3. Uprlate cl [T Exaporation ndex: | ;l [optional)

Copy To Surface... I Motes... I Ok

Select the point (14,0) from the list.

From the Boundary Condition drop down select a Head Expression boundary condition. This
will cause the Head Expression box to be enabled.

In the Head Expression box enter a head of 7.

Click the Update button to save the boundary condition to the list.

Select the point (14,27) from the list.

From the Boundary Condition drop down select a Zero Flux boundary condition.

Click the Update button to save the boundary condition to the list.

Hw

©oo~No O
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10. Close the form using the OK button.

Slope Region Boundary Condition Summary

X Y Boundary Condition | Expression
0 0 Zero Flux

14 0 Head Expression 7

24 0 Continue

24 27 Continue

14 27 Zero Flux

0 27 Continue

k The Head Expression boundary condition for the point (14,0) becomes the boundary condition for
the following line segments that have a Continue boundary condition until a new boundary
Tip! condition is specified. In this case the line segments from (14,0) to (14,27) are all given a Head
Expression boundary condition.

x|
Location
’7 [y Region: Reserviair i= Surface ISurface 2 @ I
Segment Boundary Conditions  Surface Boundary Conditions I
1. Select Boundary Condition; IHead Expression ;l m
2. Provide: al @ Expression: 10.5
- ar -
by € Precipistion ndex: | =l
cl [T Euaporation ndex: | ;l [optional)
Copy To Surface... Mates... I Ok

Now, to set the Reservoir’s Surface 2 Boundary Condition to 10.5:
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o, wNE

Select the “Reservoir” region in the drawing space.

From the menu select Model > Boundaries.

Select Surface 2 from the surface drop-down.

Click the Surface Boundary Condition tab.

Select the Head Expression boundary condition and enter a value of 10.5 in the expression box.
Close the form using the OK button.

3.5 ADDING FEATURES

Features are used in this problem to control mesh density for increased resolution at selected slices.

B3 Feature Properties ﬂ
Feature Mumber: 1 Draswen on Region: |Reser'w:|ir |

— Paint=
X b i Hode |
Spacing
[ 2 0 (B
2 (B
2 18 Inzert Poirt
0 1B

Delete Points: Select Points,
Press DEL key

To add the features:

1.

2.
3.

4.
5.
6

Select the Reservoir region from the region selector.

Click on the Feature button, ET .

With the mouse click on the point (0,11). (The SNAP and GRID options must be on in the
workspace.)

Click on the point (2,11).

Click on the point (2,16).

Double-click on the point (0,16) to finish the Feature.

3.6 SPECIFY PLOTS

There are many plot types that can be specified to visualize the results of the model. A few will be generated
for this tutorial example problem including a plot of the pressure contours, head contours, solution mesh, and
gradient vectors.

1.

Open the Plot Manager form by selecting Model > Plot Manager from the menu.
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x
Type | Title | “ariable | Region | Projection | -
= I PP u ¥ =13
5@_{ ®Z Head h Y =13
5@_"{ Y Z Head h =45
= X7 Gradients arads aradz Y =13
i Mesh 3D
=
— ey
Properties. | Set Al PLOTMONTOR . | Sefngs. |
2l 2 | orw ;
@_'lh‘l_}l kﬁl ﬂl ﬁl Delete | Custom... |
oK

2. The toolbar at the bottom left of the form contains a button for each plot type. Click on the
Contour button to begin adding the first contour plot. The Plot Properties form will open.

&5 Plot Properties x|

Description IF‘ru:ujeu:tiu:un I Zoam I

reiks
=
1=

itle: IW Output Op‘tiDl’lS

I

W PLOT [dizplay and write to file)

Wariakle: |u
[ MOMTOR [dizplay in =alwer)

=l
Restrict to Region: I ;I |
[

Restrict to Layer: |

Enter the title PWP.

Select u as the variable to plot from the drop-down.
Select the PLOT output option.

Move to the Projection tab.

Select Plane Projection option.

Select Y from the Coordinate Direction drop-down.

®NOo O~
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9. Enter 13 in the Coordinate field. This will generate a 2D slice at Y = 13m on which the pore
water pressures will be plotted.

10. Click OK to close the form and add the plot to the list.

11. Repeat these steps 2 — 9 to create the plots shown above. Note that the Vector and Mesh plots do
not require entry of a variable.

12. Click OK to close the Plot Manager and return to the workspace.

3.7 SPECIFY OUTPUT FILES

There are 4 output file types that can be specified to export the results of the model. Two will be generated for
this tutorial example problem: a transfer file of heads, and a plot to transfer the results to AcuMesh. Note that
the file HeadTransfer.trn is already present. It is generated by default for every problem.

1. Open the Output Manager form by selecting Model > Output Manager from the menu.

B Output Manager il
Type |File Name |Variab|e& | Region | -
@ ¥ ResaDOUt dat u bk by ez
x HeadTransfertrn h
=
— MeEs —_—
Properties... | Set &)l Wiite File... Seftings... custom.... |
O] =
ol-ee — .

2. The toolbar at the bottom left of the form contains a button for each output file type. Click on
the AcuMesh button to begin adding the output file. The Output File Properties form will open.
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5 Output File Properties |
De=cription |
File Mame: [Resa0out dat
Sariables: |u,h,kx,ky,kz
“Yariable List: Wariable Yariable Mame -
un Initial Pore-Wster Pressure
u Pare-Water Prezzure
uditt u Difference
hid Initial Head
h Head LI
Zelect Al Add Selection |
¥ wiite File
QK
3. Enter the title Res3DOut.
4. Select the variables u, h, kx, ky, and kz in the variable list.
5. Press the Add Selection button.
6. Make sure the Write File box contains a check mark.
7. Click OK to close the form and add the output file to the list.
8. Click OK to close the Output Manager and return to the workspace.

3.8 ANALYZE

The next step is to analyze the problem. Click the Analyze button located on the left of the workspace. This
action will write the descriptor file and open the SVFLUX solver. The solver will automatically begin solving
the problem.

3.9 RESULTS

After the problem has finished solving, the results will be displayed in the form of thumbnail plots within the
SVFLUX solver. Right-click the mouse and select Maximize to enlarge any of the thumbnail plots. This
section will give a brief analysis for each plot that was generated.
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3.9.1 Solution Mesh

The Mesh plot displays the finite-element mesh generated by the solver. The mesh is automatically refined in
critical areas. Right-click on the plot and select Rotate to enable the rotate window.

3.9.2 Pressure Contours

| PWP
i on ¥=13
15. = max 4.3
] — 80.0
[ 4 75.0
R 70.0
10. -
e 40.0
F 35.0
S 300
™ 5 L 25.0
] T 20.0
He 15.0
Y 10.0
i : 5.00
-5 0.00
0.- L -5.00
L4 -10.0
. -15.0
b -20.0
L -25.0
F mn 279
5 - -

Tutorial Reservoir3D: Grid#4 p2 Nodes=1605 Cells=900 RMS Err=1.9e-4
Stage 1 Integral= 7220.713
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The most important contour in the above plot is the one that corresponds to zero pressure. This contour
represents the phreatic surface. All soil that lies below this line is saturated and all soil that lies above this line
is considered to be unsaturated. The plot indicates a gradual decrease in water pressure from the left to the
right in the plot.

3.9.3 Head Contours

| MZHead
i on ¥=13
15.4 - e 105
] I 104
Tt 10.2
o] / [
| 9.00
1 ; 8.80
1 — P 8.60
N i
5.1 - L : 8.20
! . £ 8.00
e 7.80
q- 7.60
T, 7.40
F 7.20
0 P9 L 7.00
L min 7.00
5.4 —
T T T T T T T T
0 5 10 15, 20 15

Tutorial Reservoir3D: Grid#4 p2 Nodes=1605 Cells=900 RMS Err= 1.9¢-4
Stage 1 Integral= 1771.237

As expected, the head is 10.5m at the left of the plot where this condition was specified as a boundary
condition. The head decreases to 7m on the left edge of the plot where the boundary condition was set to 7m.
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3.9.4 Flow Vectors
T 16:28:25 5/27/05
20, . . . : FlexPDE 4.2.12
Vector
on Y=13
15 4 - %
— 240
— 2.10
1.80
1.50
10, 1.20
0.90
0.60
0.30
0.00
3N}
54 Scale = E-6
0.+
5

X

Tutorial Reservoir3D: Grid#5 p2 Nodes=5754 Cells=3539 RMS Eir= 7.3e-5

Stage 1

Flow Vectors show both the direction and the magnitude of the flow at specific points in the problem. Vectors

illustrate that flow is from left to right in this view.
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5 3D EXAMPLE PROBLEM DATA

Surface Data for Tutorial — Reservoir3D:

Surface 2
X Y Z
0 0 11
0 10 1
0 11 10
0 16 10
0 17 1
0 27 1
2 0 11
2 10 1
2 11 10
2 16 10
2 17 1
2 27 1
3 0 11
3 10 1
3 11 1
3 16 11
3 17 1
3 27 1
14 0 11
14 10 1
14 11 1
14 16 11
14 17 1
14 27 1
21 0 4
21 10 4
21 11 4
21 16 4
21 17 4
21 27 4
24 0 4
24 10 4
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24 11 4
24 16 4
24 17 4
24 27 4

Region shape data for Tutorial — Reservoir3D:

Slope Region Reservoir Region
X Y X Y
0 0 0 10
14 0 3 10
24 0 3 17
24 27 0 17
14 27

0
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Problems, 5, 6, 7, 33, 34, 35, 57

Project, 5, 6, 33
ProjectID, 5, 6, 32, 33, 34
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Regions, 14, 44

Save, 28

Seepage, 1, 57

Selector, 15, 41, 42, 44, 47

Shape, 15, 16, 17, 44, 45, 46

Shapes, 15, 44

Soil, 12, 14, 40, 47, 57

Soils, 12, 29, 40, 41, 47, 57

Solution, 24, 54, 57

Stage, 29

Steady-State, 7, 9, 35, 37

Suction, 5

Surface, 41, 42, 48, 58

Surfaces, 41

SVFLUX, 2,5, 6, 12, 14, 15, 24, 32, 34, 40,
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Transient, 10, 38

View, 10, 11, 38, 39

Workspace, 10, 38
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