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VSAFT2 (Variably Saturated Flow and Transport utilizing the Modified Method of Characteristics, in 2D) is a two dimensional (map, cross section, and axis-symmetrical) variably saturated water flow and transport model capable of both forward and inverse modeling.  The forward model (VSAFT) is based on a robust numerical code presented by Yeh, et al. (1993).  The inverse model uses the Sequential Successive Linear Estimator method.  VSAFT2 includes built in Kriging (powered by GSLib), random field generation, a triangular or rectangular finite element mesh and the ability to import a background image (map) for model setup.  VSAFT2 is controlled by a user friendly graphical user interface (GUI).  The GUI makes model setup a simpler and error-free process, rather than a tedious job of editing text input files.  VSAFT2 output is prepared for plotting in Tecplot (Amtec Engineering Inc), which allows easy and powerful visualization of results (including animations).
Software Availability and Conditions of Use
VSAFT2 is available for download from http://tian.hwr.arizona.edu/yeh/downloads.html.  VSAFT2 is provided "AS IS" and is without warranty of any kind.  In no event shall the providers of VSAFT2 be liable for any direct, indirect, incidental, punitive, or consequential damages of any kind whatsoever with respect to the use of VSAFT2.

System Requirements
VASFT2 requires a system running Microsoft Windows XP.  This program requires the Microsoft .NET framework to run which is not installed as part of Windows by default.  Microsoft .NET must be installed prior to installation of VSAFT2.

PLEASE install the software at the root directory under Windows 7 OS, such as c:\
Manual Information
Last updated March 11, 2005.
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Description of Capabilities

VSAFT2 (Variably Saturated Flow and Transport utilizing the Modified Method of Characteristics, in 2D) is a two dimensional (map, cross section, and axis-symmetrical) variably saturated water flow and transport model capable of both forward and inverse modeling.  The forward model (VSAFT) is based on a robust numerical code (Yeh, et al., 1993).  The inverse model uses the Sequential Successive Linear Estimator mothod.  VSAFT2 includes built in Kriging (powered by GSLib), random field generation, a triangular or rectangular finite element mesh and the ability to import a background image (map) for model setup.  VSAFT2 is controlled by a user friendly graphical user interface (GUI).  The GUI makes model setup a simpler and error-free process, rather than a tedious job of editing text input files.  VSAFT2 output is prepared for plotting in Tecplot (Amtec Engineering Inc), which allows easy and powerful visualization of results (including animations).

The numerical code of Yeh et al. (1993) simulates two-dimensional water flow and chemical transport through variably saturated porous media. The nonlinear flow equation is solved using the Galerkin finite-element technique with either the Picard or the Newton iteration scheme. A continuous velocity field is obtained by separate application of the Galerkin technique to the Darcy's equation. A two- site adsorption-desorption model with a first-order loss term is used to describe the chemical behavior of the reactive solute. The advective part of the transport equation is solved with one-step backward particle tracking while the dispersive part is solved by the regular Galerkin finite- element technique. A preconditioned conjugate gradient-like method is used for the iterative solution of the systems of linear simultaneous equations to save on computer memory and execution time. The model is applied to a few flow and transport problems, and the numerical results are compared with observed and analytic values. The model is found to duplicate the analytic and observed values quite well, even near very sharp fronts.

Sequential Successive Linear Estimator (SSLE) is a sequential stochastic nonlinear estimator. The estimator resolves the non-uniqueness issue of inverse problems by providing the best unbiased conditional mean estimate and quantifies uncertainty associated with the estimate.  It conceptualizes hydraulic parameter fields as spatial stochastic processes and seeks their mean distributions conditioned on the information obtained from hydraulic tests, governing flow equations, as well as directly measured parameter values (such as those from slug tests, or core samples).

Getting Started EXAMPLES
This is section provides a simple example with step by step instructions that will introduce the used to the basic functions of VSAFT2.  All of the examples listed below are included as separate files (example#.pdf)
Example 1:
Steady State Saturated Flow in a Homogeneous Medium

Steady state flow in a vertical two dimensional column is simulated for a homogeneous medium.  The results are viewed in TECPLOT.
Example 2:
Transient Saturated Flow in a Homogeneous Medium

The steady state model example 1 is converted to a transient problem and solved.  The transient simulation is animated using TECPLOT
Example 3:
Transient Saturated Flow in a Saturated Two Layer Medium

The homogeneous model in example 2 is converted to a three layer medium and solved.
Example 4:
Steady State Unsaturated Flow in a Homogeneous Medium

The steady state saturated model from example 1 is converted to an unsaturated model.
Example 5:
Transient Unsaturated Flow in a Homogeneous Medium

The steady state unsaturated model from example 4 is converted to a transient unsaturated model.
Example 6:
Transient Saturated Flow in a Randomly Generated Medium
A steady state horizontal flow model is developed with a randomly generated hydraulic conductivity field.
Advanced Examples

This is section provides advanced examples with step by step instructions that introduce the user to the more advanced featured of VSAFT2.
Example 7:  Vertical steady state flow and transport in a heterogeneous media 

In this example the effect of heterogeneity on conservative mass transport in a saturated porous media is demonstrated.  This numerical example is based on the experimental approach out lined by Herr et al. (1989).  Herr et al. completed multiple column experiments to characterize the effect of local heterogeneities on mass transport.  The column was 100 cm tall column with a 10 cm diameter.  Steady-state water flow was established using a system of Marriott bottles.  The solute transport experiments were completed using salt as a tracer.  The upper flow boundary was a constant concentration boundary with a step input of salt at time t0.  The concentration of the effluent was measured at the outflow from the column and used to develop the breakthrough curves presented by Herr et al.  The column was filled with a mix of uniform sand and porous ceramic cubes.  The ceramic cubes of known hydraulic conductivity and porosity were arranged randomly in the column to approximate a heterogeneous aquifer where the heterogeneities are randomly distributed.  The ceramic cubes occupy on average 20 % of the volume of the column.  Figure 1.1 shows the model set up used by Herr et al.  

In this example, VSAFT2 is used to develop a numerical model that simulates the laboratory experiments of Herr et al.  A vertical rectangular model domain is generated, with constant pressure head top and bottom boundaries.  The length of the model domain is increased to 150cm to ensure that the bottom boundary condition does not interfere with the results.  Heterogeneity is introduced by defining blocks of different material properties.  The blocks are defined manually.  Observation points are used to extract the solute concentration at defined time steps and breakthrough curves and contour plots of the solute concentration are generated.
Example 8:  Well-posed Inverse Solution for Transient Flow.

A simple one dimensional horizontal flow model is set up.  The model is used to generate synthetic pump test data.  These data are then used in a well-posed inverse problem, to derive the hydraulic conductivity data.
Example 9:  Ill-posed Inverse Solution for Transient Flow.
The input data to the objective function of the inverse problem is parsed; resulting in an ill-posed inverse problem.  This example demonstrates an ill-posed problem and the difference in the resulting hydraulic head distribution compared to the well-posed problem.

Example 10:  Hydraulic Tomography.

Two pumping tests are conducted for a tomographic survey. It shows the improvement for the estimated materials with sequential multiple pumping tests.
Reference
VSAFT2 uses both drop down menus and an onscreen model definition tabs.  This section first covers the menu system and then the model definition tabs.

Dropdown Menu

This section provides explanations of the options and functions accessed through the dropdown menus.  It is organized following the menu system in VSAFT2.  When running VSAFT2, only menu options that are appropriate for use are available.  For example, if no project is currently open then the Close project menu option is unavailable and shown in gray.
FILE

The file menu contains the open, save, close and start a new project functions.

New project
start a new project

· Basic Geometry Setup
To create a new VSAFT2 model domain, first create a rectangular area
which will encompass the active portion. By default a domain with constant width rows and columns will be created, but the size of each individual row or column can be edited manually to achieve any desired arrangement of cell sizes.
Rows
The number of rows for the basic grid system to be created. All rows will be the same height by default.
Columns
The number of columns for the basic grid system to be created.  All columns will be the same width by default.
Row spacing
Use to uniformly change all the heights of the rows in the domain. (unit of Length)

Column spacing
Use to uniformly change all the widths of the columns in the domain. (L)

OK
Generates the basic model domain using the parameters shown.

Cancel
Cancels the command and returns to the main VASFT2 screen.

· Open project

open an existing project

· Close


closes the open project

· Save


saves the current project to the existing filename

· Save Project As

saves the current project to the user selected filename 

List of the 5 previous opened VSAFT2 model files.  This allows for rapid access to recently used files.

· Exit

closes VASFT2
EDIT

· Undo
undoes the last change to the model
· Redo
redoes the last undo, returning the model to the condition prior to using Undo.
GEOMETRY

Geometry allows customization of the default regular grid by inserting or deleting grid lines.  When adding or deleting grid lines, the cursor should be on the edge of the model domain, and be a bold black arrow, pointing in the direction of the grid line to be added (up or down for vertical grid lines, and left or right for horizontal grid lines).
· Add line
add a grid line.
· Line property
Percent
define the percentage of the width of the column or row. The new grid line is added at this distance from the nearest existing grid line to the left or down.
Space
define the distance between the existing grid line (to the left or down) and the new grid line.

Unit
split the column or row into X columns or rows of equal width.

CONSTRUCT

Commands used for generating the representation of the physical model (e.g. defining boundary conditions, sources, and rivers).

· Load Map

load an image file behind the grid for use in defining the grid.  Image file types 
supported include (*.bmp), (*.jpg), (*.gif), (*.tif), (*.png), (*.ico).
· Add Element
Select a set of elements for editing their properties.
Element
add individual elements to the set of selected elements
Window
add all elements completely enclosed within a rectangular window to the set of selected elements.
Polygon
add all elements that intersect the polygon to the set of selected elements.
· Delete Element
Remove elements from the set of selected elements.

Element
remove element from the set of selected elements.
Window
remove all elements completely enclosed within a rectangular window from the set of selected elements.
· Boundary

define and edit boundary conditions for water flow and solute transport.

Add
define a boundary condition along a boundary that does not have an existing boundary.  Select the boundary segment by clicking at the beginning and the end of the desired boundary segment.  Once the segment has been selected the boundary condition definition window will appear.

Delete
delete the selected boundary
Edit
edit selected boundary.  The boundary condition definition window will appear.
Boundary Condition pop-up window
Select boundary type for both the water flow (prescribed flux, prescribed pressure, gradient boundary) and solute transport boundaries (flux, concentration).
Hydraulic boundary conditions

Prescribed flux
define the flux across the boundary per unit length along the boundary [L/t].  Positive is into the model domain.
Prescribed pressure
define the pressure head along the boundary. 

Gradient boundary
this option is not currently operational

Value
value associated with the boundary condition.  

Solute transport boundary conditions

Solute flux
define the flux across the boundary per unit length along the boundary [L/t].  Positive is into the model domain.
Solute concentration
define the solute concentration along the boundary. 

Value
value associated with the boundary condition.  

· Zone

define a region to set to the current zone.  All elements selected will be switched 
to the current zone.
Element
select a single element.
Polygon
select all elements that intersect the defined polygon.
· Source 

define sources and sinks (e.g. pumping and injection wells, infiltration ponds).  
Sources and sinks are constant in time.  To vary the source or sink in time, run VSAFT2 to the time when the flux changes, then manually change the flux and start a new solution using the previous solution as the initial conditions.
Add
add a source to the element selected.  The source/sink definition window will appear.
Delete
delete the selected source.
Edit
edit the selected source.  The source/sink definition window will appear.
Source/Sink Condition definition pop-up window
Define the strength of the source/sink and the concentration of the source.

Strength
set the strength of the source.  Sources adding water to the model are positive, and sinks removing water from the model are negative.  Using this definition, a pumping well is defined by a negative strength, and an injection well is defined as a positive strength.  Flow rates are entered as L2/t, and are 
Concentration at source

for sources adding water to the model domain, the concentration of the water is defined.
Start Time
Not operational at present

End Time
Not operational at present
· Inspection

add or delete inspection points.  inspection points allow for the output of 
pressure head or solute concentration with time.  Observation points are added at the intersection of grid lines.
Add flow inspection
add an inspection point to observe the pressure head.
Add solute inspection
add and inspection point to observe the solute concentration.
Delete inspection
remove the inspection point.
· River

This option is currently not operational.  The river option will be included a
future version of VSAFT2
RUN

· VSAFT2

solves the model set up in the GUI using the VSAFT2 code and the entered 

parameters.  A log window opens and the log of iterations and time steps is printed to the screen during while the solution progresses.  A stop button is located on the right side of the log window, which can be used to stop the solver and cancel the model run.
· Notepad

opens Notepad for use in examining model output files.
· Thies Analysis
gives parameters of Thies analysis.
· Estimate Statistical Parameters
gives the statistical parameters like variance, correlation length of the Estimates.
CALIBRATION
calibration is currently under development
GEOSTATISTICS

· Variogram

load a data file.  Format is (x, y, z) –spaced delimited.
 


Define the variogram model
· Kriging

load data file to krig using the variogram model
· Load kringinged data

load kriging file to the selected property.
VIEW

· Zoom

Zooms in and out at preset increments.
· Hydrograph
plot the hydrograph for the observation points in Tecplot.  (Tecplot must be 
purchased independently.)
· Contour

opens TECPLOT (if TECPLOT is owned and installed by the user of VSAFT2), 
imports the head and concentration data for each time step and generates a contour plot.  Please see TECPLOT manual for information regarding further manipulation of data for presentation.
· Geometry property
this option is under development and is currently not functional
· Toolbar

toggles between displaying the shortcut tool bar and not displaying the short cut 
toolbar.
· Result


To display the estimated observation head
· Properties Distribution
shows distribution of properties like conductivity and storage of the   model.
· Properties XY plot
shows plot of true property vs. estimated property.


HELP

· Content

the online help function is under development and currently not available.
Please refer to this document.
· About

Displays the version of VSAFT2 that you currently have installed.
Model Definition Tabs

This section provides explanations of the options and functions accessed through the model definition tabs located on the left side of the VSAFT2 GUI screen.  It is organized following the tab system in VSAFT2.
Grid

Edit the grid settings and define the element type.
· Row spacing
define the number of rows and the row spacing.
Number
enter the number of rows in the grid

Spacing
enter the default width of the rows

Edit
enter the spacing of specific rows using the Edit Row Spaces window.
Edit Row Spaces window
enter the specific width of rows. Either select an individual row using the mouse and enter the desired width, or define a set of rows and enter the spacing.
From

ID for first row in set to change as a group

To

ID for last row in set to change as a group

Spacing
spacing used for group of rows specified by From and To.

Apply
Apply the changes entered in From/To/Spacing to the table in the window

OK

Accept changes and return to main VSAFT2 window

Cancel

Cancel changes and return to main VSAFT2 window

· Column spacing
define the number of rows and the row spacing.
Number
enter the number of columns in the grid

Spacing
enter the default width of the columns

Edit
enter the spacing of specific rows using the Edit Column Spaces window.
Edit Column Spaces window
enter the specific width of columns. Either select an individual column using the mouse and enter the desired width, or define a set of column and enter the spacing.  This window is identical to the Edit Row Spaces window above.

· Draw Grid Lines
toggle the grid lines on and off in the model display window.
· Element Type
chose the shape of the finite element mesh.
Rectangular
rectangular elements are generated.  The elements are defined by the intersection of the grids and the columns
Triangular
triangular elements are generated.  The elements are defined automatically using a mesh generation scheme.  The triangular elements do not follow the columns and rows.

· Accept Default
Accept the defined model area and generate the finite element mesh.

· Reject changes
Rejects the defined model changes done so far.

· Modify

Define a non-rectangular model domain.  
Methods
select the method to define the model domain.  The options available vary based on the choice of finite element type.
Rectangular Elements
Element
select a series of adjoining grid elements.

Window
select all grid elements completely enclosed by the selection window.
Polygon
select all elements that intersect the defined polygon.

Zone

not available.
Triangular Elements
Element
not available.

Window
not available.
Polygon
define the polygon within which to generate the finite element mesh.
Zone
define polygons within the model domain within which different properties (i.e. hydraulic conductivity) will be defined.
Functions
edit the model geometry
Add
add to the model domain using the selected method.  Once a method is chosen, select Add then select the region to add on the model domain window.

Delete
delete portions of the defined model domain using the selected method.  Once a method is chosen, select Delete then select the region to add on the model domain window.

Accept Changes
accepts the defined model domain

Redefine
redefine the triangular finite element mesh once changes have been made to ensure consistent geometry of the mesh.
Problem definition

Define the type of problem and the orientation

· Title

Enter the title for identification of the simulation
· Restart

Start the model simulation using a previous simulation as the initial condition.
This option should be chosen, if you want to restart the simulation from the end of a previous simulation due to 1) continuation of the simulation for a longer period time with different boundary or source or sink values (e.g., different stress periods) or 2) previous simulation did not converge.  If the solution did not converge in the previous simulation, the restart option enables a new simulation that continues from the solution obtained from the time step before the divergence occurred. If this is a steady flow simulation, the value of the boundary condition should be changed (for example, a smaller infiltration rate) such that convergence of the solution can be obtained. Once the solution converges for the small flux, the restart option then allows the next simulation to use a larger flux with the last converged solution as the initial guess solution. Restart, in essence, allows a successive approximation of the true non-linear solution. If this is a transient flow problem and the solution did not converge, you should redefine (reduce) the initial time step size and try it again. In general, a small time step size will allow convergence but it will then take a long time to complete the simulation.  The restart option also allows change boundary conditions to simulate time-varying boundary conditions. If you create a new project to restart the simulation, you should copy the restart file from the previous project to the new project so that the simulation will start with the previous result.
·   Model Type
choose between the forward and inverse model type

· Problem type
define the problem type.  Choose from one of four choices in the menu.
1. Steady state flow (steady state saturated, unsaturated, or variably saturated flow)

2. Transient flow (steady state saturated, unsaturated, or variably saturated flow)

3. Steady state flow with transient solute transport

4. Transient flow and solute transport
· Flow type

define the orientation of two dimensional flow to be simulated.
1. Horizontal plane flow (depth-average flow)
2. Axisymmetric flow (cross-sectional view of radial flow)

3. Vertical plane flow (vertical cross-section flow) 
·   Inverse Method
choose between NLS (Non-linear Least Square) and SSLE (Sequential successive Linear Estimator) for the inverse modeling. 

· Next

continue to SIMULATION CONTROL tab
· Back

return to GRID tab

Simulation control

Iteration Scheme
The Picard or Newton-Raphson iteration scheme are used to solve the nonlinear

unsaturated flow equations.
Picard
implicit numerical scheme to solve non-linear equations.  Generally used for mildly nonlinear problems.
Newton-Raphson
implicit numerical scheme to solve non-linear equations.  Generally used for highly nonlinear problems since it converges faster, however it is more computationally demanding.
· Storage Scheme
There are three methods of treating the storage matrix.
Diagonal lumping
The diagonal lumping scheme makes the diagonal terms in the stiffness matrix more dominant and leads to a matrix with a better conditional number and the solution converges faster.
Lumped Scheme
All of the terms in the stiffness matrix are lumped along the main diagonal.
Consistent Scheme
The stiffness matrix is non-diagonal.
· Variation

Indicates the variation of conductivity and moisture capacity within an element 
for the integration of element matrices
Constant
value in element is equal to the average of the value at nodes
Linear
the value in the element varies linearly between the values at the nodes.
· Maximum Number of Iteration
The maximum number of iterations allowed in the nonlinear 
solver (Picard or Newton-Raphson scheme). If the number is exceeded, the program either reduces the time step size automatically (if it is transient flow) or declares that the solution diverges if this is a steady flow simulation. If the total number of reductions in the time step during a transient flow simulation is exceeded, then the transient case will be said to have not converged.
· Pressure Head Tolerance
This criterion determines the convergence of the solution. That is, if the 
maximum value of change in the pressure head solution at every node of the solution domain during two successive iterations is less than this specified tolerance, the solution is considered converged.
· Next

continue to the TIME STEP tab
· Back

return to the PROBLEM DEFINITION tab

time steps

These parameters control how the program dynamically allocates time step sizes. If the convergence can be achieved rapidly, the time step size will increase automatically, reducing the number of time steps. On the other hand, if the solute diverges, the time step size will be reduced.  Time steps are only used for transient processes.
· Initial value of time step
Initial time step size for the simulation.
· Maximum allowable time step size
specify the maximum time step size allowed during the 
simulation. As a rule of thumb, for infiltration events where sharp wetting fronts are expected, a small maximum allowable time step size is suggested; during redistribution a large maximum allowable time step size can be used.
· Multiplier of the time step size
The value must be equal to or greater than one. This allows the 
initial time step size to be increased by this factor. If convergence of a solution takes less than 5 iterations, the time step size for the next time level will be multiplied by this factor. As a rule of thumb, a small multiplier (e.g., 1.01) will facilitate convergence.
· Maximum simulation time
The time span for the entire simulation.
· Maximum number of reduction
If the solution diverges during a time step in a transient flow
simulation, the program automatically restarts the simulation from the last time step with a reduced time step size (½ of the previous time step size). The number entered here specifies the maximum number of the reduction of the time step size. If this number is exceeded, the program terminates the simulation and declares the divergence of the solution. The restart option in PROBLEM DEFINITION tab then can be used with a smaller initial time step size.
· Next

continue to MATERIAL tab
· Back

return to SIMULATION CONTROL tab

material

Define the material properties of the different zones in the model.  Properties can either be homogeneous or heterogeneous.  A homogeneous zone means that very element in the material zone will have the same hydraulic or transport properties. In a heterogeneous zone, the properties of each element in the zone will be generated by a random field generator using a specified mean and variance.
· Import

import of material files in VSAFT2 format.  See section on FILES GENERATED

BY VSAFT2 for format.
· Define Material Zone
Use this option to define material zones in the solution domain.
Total Number of Zones

set the total number of zones in the model.  Each zone can have different material properties (i.e. hydraulic conductivity).

Working Zone

set the zone that you are currently defining in the model domain window.

Delete
deletes currently selected zone.  It completely removes it from the model.  Setting any elements to undefined, and removing it from the list of zones.
Define with Element
define regions in the model domain to set the selected zone by highlighting individual elements.

Define with Polygon
define regions in the model domain to set the selected zone by highlighting a polygon and selection all elements that intersect the polygon.
Properties Definition
opens the Zone Properties pop-up window.  This is where the hydraulic and transport properties of each zone are defined.
Zone Properties pop-up window
This window has a list of the zones and check boxes for identifying if the zone is homogeneous or heterogeneous.  Check the box for a homogenous zone.
OK
accept the selections of homogeneous and heterogeneous and continue to the Homogeneous Zone Parameters pop-up window or the Random Field Parameters pop-up window.  It is possible for some zones to be homogeneous and some zones to be heterogeneous.
Cancel
Cancel editing zones and return to main VSAFT2 window.
Random Field Generation
generates a random field throughout the model domain.  Opens the Random Fields Generation pop-up window.
Homogeneous Zone Parameter pop-up window
Define the properties of each homogeneous zone (properties are constant through out zone).

Zone
select which zone to edit using the scroll arrows.  The maximum number of zones is defined by on the material tab of the main VSAFT2 window.

Hydraulic properties
select the set of hydraulic properties to edit.
Saturated hydraulic properties
Ksx
saturated hydraulic conductivity in x direction [L/T]
Ksy
saturated hydraulic conductivity in y direction [L/T]
n
porosity [-]
Ss
specific storage [1/L]
Relative hydraulic conductivity parameters
Different values for α and β in the x and y or z direction yield moisture-dependent anisotropy (Yeh, et al., WRR, 1985). If the exponential or Gardner-Russo model is chosen, the values of x and y are ignored.

αx
inverse of air entry value in the x direction [1/L]
βx
slope parameter for the relative conductivity in the x direction

αy
inverse of air entry value in the y or z direction [1/L]
βy
 slope parameter for the relative conductivity in the y or z direction

Moisture release curve
If the exponential or Gardner-Russo model is chosen, the value of βm is ignored.
αm
inverse of the air entry value [1/L]
βm
slope parameter for the moisture release curve.

Wcs
saturated water content, or porosity [-]
Wcr
residual water content. [-]
.

Solute transport properties.

Dl
Longitudinal dispersivity for material 1 [L]
Dt
Transverse dispersivity for material 1 [L]
Dm
Apparent molecular diffusion [L*L/T]
Constitutive model
 select one of four different models for unsaturated hydraulic properties.
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User specified
currently under development.
Note that VSAFT solves the variably saturated flow and transport equations, and pre specified unsaturated hydraulic properties are given as default. If your simulation only concerns saturated flow problems, only the default values for saturated hydraulic properties need to be modified to your specifications and you can leave the default values for unsaturated hydraulic properties unchanged.

Heterogeneous Zone Properties pop-up window
specify the input values for determining the heterogeneous property values.  The heterogeneous zone properties pop-up window is the same form as the homogeneous zone properties pop-up window.  Refer to the homogeneous zone properties pop-up window for the basic structure of the heterogeneous zone properties pop-up window.  Property values are defined by the mean, variance and distribution.
Mean
The average value of the natural log of the variable
Variance
The average squared deviation from the mean of the log transformed variable.
Random seed
number used as the base of the random number generator.
Covariance spectral type
The covariance model to be used for generating the random field.  The choice of models includes.
Exponential (default), Mizzel-A, Mizzel-B, Whittle, Telis ,
Telis & Head, Head & Mizzel, Bell shaped - non-isotropic

X correlation scale
characteristic length beyond which the correlation between data in the x direction is no longer considered significant.
Y correlation scale
characteristic length beyond which the correlation between data in the y direction is no longer considered significant.

Random Fields Generation pop-up window
defined the parameters used to generate the random fields.
Hydraulic properties
select the hydraulic property to edit.  The options include:

First principal conductivity

Second principal conductivity

Effective porosity

Specific storage

Alpha(x) in the K-equ

Beta(x) in the K-equ

Alpha(y) in the K-equ

Beta(y) in the K-equ

Alpha in the theta equ

Beta in the theta equ

Saturated water content

Residual water content

Longitudinal dispersivity

Transverse dispersitivity

Apparent molecular diffusion

Bulk density

For each property the following parameters can be set.  Please refer to the descriptions under Heterogeneous Zone Properties pop-up window
Random seed
Type of covariance-spectral pairs

Mean (ln)

Variance (ln)

Correlation scale for X

Correlation scale for Y

Constitutive model.

TECPLOT View
view the generated field in TECPLOT
Back
scroll back through the model parameters.

Next
scroll forward through the model parameters.

OK
accept settings and return to VSAFT2 main window

Cancel
reject changes and return to VSAFT2 main window

· Next

continue to INITIAL CONDITION tab
· Back

return to TIME STEP tab

initial condition

Specify the initial conditions for transient flow or flow and transport models.
· Initial head type
Specify the initial and boundary head as pressure head or 
total head (pressure head plus elevation head).
· Initial condition window
Specify initial values for head, solute concentration, water flux, and
solute flux at individual nodes.
· Initial condition menu
Select one of the following: head, water flux, solute concentration,
or solute flux.
· From Node
enter the beginning node of a set of nodes to edit together.
· To Node

enter the last node of a set of nodes to edit together.
· Value

enter the value of the initial condition specified in the initial condition menu for 
the set of nodes selected with From Node/To Node.
· Apply

implement the settings defined in the Initial Condition tab in the model.

· Load

load an existing VSAFT2 boundary conditions file.
· Next

continue to SOURCE AND BOUNDARY tab.
· Back

return to MATERIAL tab.
sourceS
Specify source or sink for flow and transport
· Source definition
The source or sink is defined at the center of an element.

Add
Add a source or sink.  Select ADD, then move the cursor to the model domain window and select the element within which the source is to be added.  The Source/Sink pop-up window will appear.

Delete
Remove a source.  Select DELETE, then move the cursor to the model domain window and select the source to remove.
Edit
Click the edit option and the move the cursor to the existing source or sink.  Then, click the mouse to edit the specified value.  Change flux or head values for the existing boundary condition.

Source/Sink pop-up window
This window contains the settings for sources and sinks. 

Strength
enter the flux rate [L/T] multiplied by the length of the well [L].  Extraction (i.e. pumping) is negative, and injection (i.e. infiltration) is positive. 

Concentration at source
enter the concentration of the in solute at the injection point.
· Next

continue to BOUNDARY tab

· Back

return to INITIAL CONDITIONS tab
boundary
Define the boundary conditions for flow and transport
· Boundary definition
Define boundary locations in the model domain.

Add
define a boundary condition along the selected boundary.  Select ADD; move the cursor to the model domain window (the cursor should change to +). Select the node for the start of the boundary segment.  The node will be highlighted.  Select the node for hte end of the boundary segment.  The node will be highlighted.  If this is the first boundary to defined in the model, then also select a point in between the start and end to identify which route along the boundary to select.  The Boundary Condition pop-up window will appear.  Set the boundary conditions in this window.

Delete
Select DELETE and move the cursor to the existing boundary.  Select the boundary to delete.

Edit
Select EDIT and move the cursor to an existing boundary.  Select the boundary.  The Boundary Condition pop-up window will appear.
Boundary Condition pop-up window
Select boundary type for both the water flow (prescribed flux, prescribed pressure, gradient boundary) and solute transport boundaries (flux, concentration).
Hydraulic boundary conditions

Prescribed flux
define the flux across the boundary per unit length along the boundary [L/t].  Positive is into the model domain.
Prescribed pressure
define the pressure head along the boundary. 

Gradient boundary
this option is not currently operational

Value
value associated with the boundary condition.  

Solute transport boundary conditions

Solute flux
define the flux across the boundary per unit length along the boundary [L/t].  Positive is into the model domain.
Solute concentration
define the solute concentration along the boundary. 

Value
value associated with the boundary condition.  

· Next

continue to OUTPUT CONTROL tab

· Back

return to SOURCES tab

Output control

· Create output file 
Select YES to create a file which contains the input and all the simulated results.
· Point observations
define observation points.
Add flow
add a pressure head observation node.  The pressure head at each observation node is saved to the file hydrograph.dat at each time step. 
Add solute
add a solute concentration observation node.  The solute concentration at each observation node is saved to the file btc.dat at each time step.
Delete observation
delete the selected observation node.  Deletes both flow and solute observation nodes.  Select DELETE OBSERVATION and then select the observation node to delete from the model domain window.

· Option for output time
define the time steps to output data to a file.  From the drop down menu 

select either:
Every time step

output data at each computational time step
at 1t, 2t, 3t, ..., max
output at the multiple of the time interval specified.  Enter the value for t in the box.
User specified

User specified N number of output times.  Specify the number of output times in the box and then enter the output times in the table.
· Finish

finish model set up and generate the VSAFT2 text files for input to 
numerical code.
· Finish As

finish model set up and generate the VSAFT2 text files for input to 
numerical code in a different directory than currently used.
· Back

return to SOURCES, BOUNDARIES tab

FILES GENERATED BY VSAFT2

Three types of files are generated when using VSAFT2: (1) files for the GUI, (2) output files from the GUI for the numerical solver routine, and (3) result output from the numerical solver routine.  The contents and format of each file is described.

Gui Files
geometry.mmoc
a binary file used by the GUI to store the geometry of the model
Vsaft2 Solver Input Files

files.txt


contains the path and filenames to be read by the VSAFT solver.

C:\directory\model directory\grid.dat

C:\directory\model directory\problem.dat

C:\directory\model directory\simulation.dat

C:\directory\model directory\sources.dat

C:\directory\model directory\time.dat

C:\directory\model directory\material.dat

C:\directory\model directory\out.dat

C:\directory\model directory\node.dat

C:\directory\model directory\element.dat

C:\directory\model directory\boundary.dat

C:\directory\model directory\bc.dat

C:\directory\model directory\output.dat

C:\directory\model directory\plot.dat
grid.dat
stores the number of element and number of nodes of the solution domain.


100



number of elements



121



number of nodes
problem.dat

stores the title, problem type, flow type, initial head type.  
Example Model


title

2



problem type

1



flow type

1



initial head type

The title is a text string.
The problem type is defined by an integer:
1. steady state flow

2. transient flow

3. steady state flow and transient transport

4. transient flow and transient transport

The flow type is defined by and integer:
0.
horizontal plane

1. vertical axisymmetric

2. vertical plane

The initial head type is defined by and integer:

0.
pressure head

1. total head

simulation.dat

stores the inputs from the simulation control tab
2



iteration scheme
2



storage term
0



element interpolation method
100



non-linear iterations
0.5



time weighting - flow
0.5



time weighting - transport
1.0



pressure head tolerance
1.0e-10



convergence limit for transport
1.0e-10



convergence limit for flow
1.0e-10



convergence limit for velocity
The iteration scheme is defined by an integer.
1. Picard iteration scheme

2. Newton-Raphson iteration scheme

The treatment of the storage matrix defined by an integer.
0.
consistent matrix

1. lumped matrix

2. diagonal lumped matrix (as in finite difference)

The element interpolation method is defined by an integer

0.
constant value for element equal to the average of all the node.

1. value varies linearly across the element.

The maximum number of non-linear iterations.  For steady state problems, a non-converged solution is returned with a warning.  For transient solutions, if it is exceeded the length of the time step is halved and the non-linear iterations are repeated.

The time weighting for the flow equation can range from # to #.  Usual values?
The time weighting for the transport equation can range from # to #.  Usual values?
sources.dat

stores the location and the magnitude of the source/sink




0

5

1
1
0

10
2
0

91
3
0

100
4
0

2
-1
0
The first line sets the number of ?????
The second line defines the number of sources/sinks

All subsequent lines record the location, strength and concentration of the source/sink.

time.dat

Saves the input from the Time Step tab.
0.1

1

1

100

10

10



Line 1 is the initial value of the time step



Line 2 is the maximum allowable value of the time step




Line 3 is the time step multiplier




Line 4 is the maximum simulation time




Line 5 is the maximum number of reduction




Line 6 is the ????
material.dat

Contains the material properties for each node.  The line numbers used here will

change depending on the number of elements in the grid.
4

0.01
0.01
0.4
0.001

0.02
0.02
0.4
0.001

0.03
0.03
0.4
0.001

0.04
0.04
0.4
0.001

0.001
0.1
0.001
0.1
2

0.002
0.2
0.001
0.1
2

0.003
0.3
0.001
0.1
2

0.002
0.2
0.001
0.1
2

0.001
0.1
0.4
0.01

0.002
0.2
0.4
0.01

0.003
0.3
0.4
0.01

0.002
0.2
0.4
0.01

1
1
0
1.4

2
2
0
1.4

3
3
0
1.4

2
2
0
1.4

0

0

0

0
Line 1 is the number of nodes in the grid
Line 2 to 5 contains the saturated flow properties.  (Saturated hydraulic conductivity in the x direction (Ksx), saturated hydraulic conductivity in the y direction (Ksy), porosity (n), and specific storage (Ss)).  The number of lines will equal the number of elements in the grid.

Line 6 to 9 contains the relative conductivity parameters.  (αx, βx, αy, βy). The number of lines will equal the number of elements in the grid.

Line 10 to 13 contains the unsaturated moisture release curve parameters.  (αm, βm, saturated water content (Wcs), residual water content (Wcr).  The number of lines will equal the number of elements in the grid.

Line 14 to 17 contains the transport parameters. (longitudinal diffusivity (Dl), transverse diffusivity (Dt), (Dm), bulk density (ρb)).  The number of lines will equal the number of elements in the grid.

Line 18
Line 19

Line 20

Line 21
out.dat


contains the information for output from the selected observation points.
1

4
2
13

14

7

5

6

11
Line 1

Line 2 is the number of hydraulic head observation points

Line 3 is the number of solute concentration observation points

Line 4 to 6 contains the nodes on the grid where the hydraulic head observation point is located.  The number of lines will change to reflect the number of observation points.

Line 7 to 9 contains the nodes on the grid where the solute concentration observation points are located.  The number of lines will change to reflect the number of observation points.

node.dat
contains the coordinates of the nodes on the grid.

1
0.000e+0
0.000e+0
0
0
0
0

2
1.000e+0
0.000e+0
0
0
0
0

3
2.000e+0
0.000e+0
0
0
0
0

4
3.000e+0
0.000e+0
0
0
0
0

5
0.000e+0
1.000e+0
0
0
0
0

6
1.000e+0
1.000e+0
0
0
0
0

7
2.000e+0
1.000e+0
0
0
0
0

8
3.000e+0
1.000e+0
0
0
0
0

9
0.000e+0
2.000e+0
0
0
0
0

10
1.000e+0
2.000e+0
0
0
0
0

11
2.000e+0
2.000e+0
0
0
0
0

12
3.000e+0
2.000e+0
0
0
0
0

13
0.000e+0
3.000e+0
0
0
0
0

14 
1.000e+0
3.000e+0
0
0
0
0

15
2.000e+0
3.000e+0
0
0
0
0

16
3.000e+0
3.000e+0
0
0
0
0
The first column in each line is the element number.  The second column is the x coordinate of the node and the third column is the y coordinate of the node.  Columns 4 through 7 are not used.
element.dat

contains the nodes that form the elements of the grid.
1
1
2
6
5
1
0.000e+0

2
2
3
7
6
2
0.000e+0
3
3
4
8
7
3
0.000e+0

4
5
6
10
9
4
0.000e+0

5
6
7
11
10
5
0.000e+0

6
7
8
12
11
6
0.000e+0

7
9
10
14
13
7
0.000e+0

8
10
11
15
14
8
0.000e+0

9
11
12
16
15
9
0.000e+0
Each line in the file relates to one element in the gird.  Column 1 is the element number, column 2 is the node number of the lower left node, column 3 is the node number of the lower right node, column 4 is the node number of the upper right node, column 5 is the node number of the upper left node, column 6 is the node number
boundary.dat


12

5
0
0
0
0
180

1
0
0
0
0
225

2
1
1
0
0
270

3
1
1
0
0
270

4
1
1
0
0
315

8
1
0
0
0
0

12
1
0
0
0
0

16
1
0
0
0
45

15
0
1
0
0
90

14
0
1
0
0
90

13
0
0
0
0
135

9
0
0
0
0
180
bc.dat


defines the boundary conditions on the boundaries
12

5
0
1
0
11

1
0
1
0
11

2
2
0
22
0

3
2
0
22
0

4
2
0
22
0

8
3
0
0
33

12
3
0
0
33

16
3
0
0
33

15
0
4
44
0

14
0
4
44
0

13
0
1
0
11

9
0
1
0
11
Line 1 is the number of boundary elements
Line 2 to 13 is a line for each boundary elements
Column 1 is the boundary element number.

Column 2 is the value of the prescribed pressure head boundary.

Column 3 is the value of the prescribed flux boundary

Column 4 is the value of the solute concentration boundary.

Column 5 is the value of the solute flux boundary.

drawdown.dat

a user defined file for importing date for curve fitting.

-25


pumping rate

10


distance to observation well

0
25

time, hydraulic head.

20
30

50
57

90
61

river.dat

this option is under development and the river.dat file is currently not used.
rstart.dat

This file contains information for restart the simulation.

Vsaft2 Solver Output Files
output.dat
output from VSAFT2.  The file contains a copy of all of the input model parameters used to run the model.
STORAGE CHECK

THE DIMENSION OF  DBL SHOULD BE GREATER THAN             752

THE DIMENSION OF SNGL SHOULD BE GREATER THAN            5194

THE DIMENSION OF INTG SHOULD BE GREATER THAN             962

1 HORIZONTAL PLANE FLOW

**************************************************

TRANSIENT-STATE FLOW

**************************************************

0

NUMBER OF NODAL POINTS-------
16

MAX NODES JOINT TO ONE NODE--
20

NUMBER OF ELEMENTS-----------
9

NUMBER OF MATERIALS----------
9

ITERATION SCHEME-------------
NEWTON

MAX NUMBER OF ITERATIONS-----
100

TOLERANCE--------------------

0.100E+01

SCHEME FOR STORAGE TERMS-----
DIAGONAL

SPATIAL WEIGHT FOR K AND C---
AVERAGE

TIME WEIGHTING FACTOR (FLOW)-
1.00

TIME WEIGHTING FACTOR (CONC)-
0.50

TIME INCREMENT: DELT---------
0.100E+00

MAX. TIME INCREMENT ---------
0.100E+00

MAX. REDUCTIONS OF DT -------
1

TIME INCREMENT MULTIPLIER ---
0.100E+01

MAX. SIMULATION TIME PERIOD -
0.100E+01

SATURATED HYDRAULIC PROPERTIES- 

MATERIAL
K1

K2

POROSITY
SS


1
0.10000E+01
0.10000E+01
0.40000E+00
0.10000E-02


2
0.20000E+01
0.20000E+01
0.40000E+00
0.10000E-02


3
0.30000E+01
0.20000E+01
0.40000E+00
0.10000E-02


4
0.20000E+01
0.20000E+01
0.40000E+00
0.10000E-02


5
0.30000E+01
0.20000E+01
0.40000E+00
0.10000E-02


6
0.10000E+01
0.10000E+01
0.40000E+00
0.10000E-02


7
0.30000E+01
0.20000E+01
0.40000E+00
0.10000E-02


8
0.10000E+01
0.10000E+01
0.40000E+00
0.10000E-02


9
0.20000E+01
0.20000E+01
0.40000E+00
0.10000E-02

UNSATURATED HYDRAULIC CONDUCTIVITY PARAMETERS- 

MATERIAL
ALPHA X
BETA X
ALPHA Y
BETA Y

MODEL USED


1
0.10000E-02
0.10000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


2
0.20000E-02
0.20000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


3
0.30000E-02
 0.30000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL

4
0.20000E-02
0.20000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


5
0.30000E-02
0.30000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


6
0.10000E-02
0.10000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


7
0.30000E-02
0.30000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


8
0.10000E-02
0.10000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL


9
0.20000E-02
0.20000E+00
0.10000E-02
0.10000E+00
EXPONENTIAL

MOISTURE RELEASE CURVE PARAMETERS- 

MATERIAL      ALPHA          BETA          THETAS         THETAR

     1      0.10000E-02    0.10000E+00    0.40000E+00    0.10000E-01

     2      0.20000E-02    0.20000E+00    0.40000E+00    0.10000E-01

     3      0.30000E-02    0.30000E+00    0.40000E+00    0.10000E-01

     4      0.20000E-02    0.20000E+00    0.40000E+00    0.10000E-01

     5      0.30000E-02    0.30000E+00    0.40000E+00    0.10000E-01

     6      0.10000E-02    0.10000E+00    0.40000E+00    0.10000E-01

     7      0.30000E-02    0.30000E+00    0.40000E+00    0.10000E-01

     8      0.10000E-02    0.10000E+00    0.40000E+00    0.10000E-01

     9      0.20000E-02    0.20000E+00    0.40000E+00    0.10000E-01

Chemical Reaction PARAMETERS- 

 Material      AK1          Ak2          Ak3         Decay Const

     1      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     2      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     3      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     4      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     5      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     6      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     7      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     8      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

     9      0.00000E+00    0.00000E+00    0.00000E+00    0.00000E+00

NODAL POINT INFORMATION

NODE NO.   X,R                    Y,Z                   .PSI.                  Q

          1           0.000000E+00   0.000000E+00   0.000000E+00   0.100000E+01

          2           0.100000E+01   0.000000E+00   0.200000E+01   0.000000E+00

          3           0.200000E+01   0.000000E+00   0.200000E+01   0.000000E+00

          4           0.300000E+01   0.000000E+00   0.200000E+01   0.000000E+00

          5           0.000000E+00   0.100000E+01   0.000000E+00   0.100000E+01

          6           0.100000E+01   0.100000E+01   0.000000E+00   0.000000E+00

          7           0.200000E+01   0.100000E+01   0.000000E+00   0.000000E+00

          8           0.300000E+01   0.100000E+01   0.300000E+01   0.000000E+00

          9           0.000000E+00   0.200000E+01   0.000000E+00   0.100000E+01

        10           0.100000E+01   0.200000E+01   0.000000E+00   0.000000E+00

        11           0.200000E+01   0.200000E+01   0.000000E+00   0.000000E+00

        12           0.300000E+01   0.200000E+01   0.300000E+01   0.000000E+00

        13           0.000000E+00   0.300000E+01   0.000000E+00   0.100000E+01

        14           0.100000E+01   0.300000E+01   0.000000E+00   0.400000E+01

        15           0.200000E+01   0.300000E+01   0.000000E+00   0.400000E+01

        16           0.300000E+01   0.300000E+01   0.300000E+01   0.000000E+00

BOUNDARY NODE INFORMATION

NODE     CODE     NORMAL ANGLE

      5         0               0.180E+03

      1         0               0.225E+03

      2         1               0.270E+03

      3         1               0.270E+03

      4         1               0.315E+03

      8         1               0.000E+00

     12        1               0.000E+00

     16        1               0.450E+02

     15        0               0.900E+02

     14        0               0.900E+02

     13        0               0.135E+03

      9         0               0.180E+03

ELEMENT INFORMATION

ELEMENT    C O R N E R  N O D E S    MATERIAL    ANGLE

     1                           1      2      6       5                  1               0.000E+00

     2                           2      3      7       6                  2               0.000E+00

     3                           3      4      8       7                  3               0.000E+00
     4                           5      6    10      9                  4                0.000E+00

     5                           6      7    11    10                  5                0.000E+00

     6                           7      8    12    11                  6                0.000E+00

     7                           9    10    14    13                  7                0.000E+00

     8                         10    11    15    14                  8                0.000E+00

     9                         11    12    16    15                  9                0.000E+00

                    TIME =  0.10000E+00     TIME STEP =         1

                    TIME =  0.20000E+00     TIME STEP =         2

                    TIME =  0.30000E+00     TIME STEP =         3

                    TIME =  0.40000E+00     TIME STEP =         4

                    TIME =  0.50000E+00     TIME STEP =         5

                    TIME =  0.60000E+00     TIME STEP =         6

                    TIME =  0.70000E+00     TIME STEP =         7

                    TIME =  0.80000E+00     TIME STEP =         8

                    TIME =  0.90000E+00     TIME STEP =         9

                    TIME =  0.10000E+01     TIME STEP =        10

MAXIMUM CHANGE IN PRESSURE HEAD DURING ITERATION  2 WAS  0.65976E-15 AT NODE   13

CUMULATIVE INFLOW            =   0.10166E+02

CUMULATIVE OUTFLOW           =  -0.98628E+01

CUMULATIVE NET FLOW          =   0.30284E+00

CUMULATIVE CHANGE IN STORAGE =   0.29095E-01

MASS BALANCE ERROR (FLOW)    =  -0.90393E+02 %

0  NODE   PRESS HEAD    NODE   PRESS HEAD    NODE   PRESS HEAD    NODE   PRESS HEAD    NODE   PRESS HEAD    NODE   PRESS HEAD  

plot.dat
pressure head and solute concentration at selected output times.  This file is generated in TECPLOT *.dat format for import into TECPLOT for viewing and data manipulation.
Hydrograph.dat
contains the extracted hydraulic head values at the observation points.  Observation points are in the order they were entered in the model.
0.100000E+00
0.571610E+01
0.654865E+01
0.302898E+01

0.200000E+00
0.592934E+01
0.677892E+01
0.309429E+01

0.300000E+00
0.590839E+01
0.675496E+01
0.308826E+01

0.400000E+00
0.591205E+01
0.675912E+01
0.308932E+01

0.500000E+00
0.591144E+01
0.675843E+01
0.308914E+01

0.600000E+00
0.591154E+01
0.675855E+01
0.308917E+01

0.700000E+00
0.591153E+01
0.675853E+01
0.308916E+01

0.800000E+00
0.591153E+01
0.675853E+01
0.308916E+01

0.900000E+00
0.591153E+01
0.675853E+01
0.308916E+01

0.100000E+01
0.591153E+01
0.675853E+01
0.308916E+01
Column 1 is the time, column 2 is observation point 1, column 3 is observation point 2 and so on.

Breakthrough.dat
contains the extracted solute concentration values at the observation points.  Observation points are in the order they were entered in the model.

0.100000E+00
0.214333E+02
0.440000E+02
0.226800E+02

0.200000E+00
0.353413E+02
0.440000E+02
0.285573E+02

0.300000E+00
0.402422E+02
0.440000E+02
0.299535E+02

0.400000E+00
0.420753E+02
0.440000E+02
0.305788E+02

0.500000E+00
0.427203E+02
0.440000E+02
0.307834E+02

0.600000E+00
0.429504E+02
0.440000E+02
0.308586E+02

0.700000E+00
0.430322E+02
0.440000E+02
0.308850E+02

0.800000E+00
0.430613E+02
0.440000E+02
0.308945E+02

0.900000E+00
0.430717E+02
0.440000E+02
0.308979E+02

0.100000E+01
0.430754E+02
0.440000E+02
0.308991E+02
Column 1 is the time, column 2 is observation point 1, column 3 is observation point 2 and so on.

SSLE files
parameter.dat
a user named input file containing the location and value of know hydraulic conductivity or specific stirage values.  The file is three columns with no headers (x, y, value).

0.5
5.5
1

1.5
5.5
1

2.5
5.5
0.2

3.5
5.5
0.2

4.5
5.5
1

5.5
5.5
2
observation.dat

a user named input file containing the location and value of known hydraulic head values.  The file is three columns with no headers (x, y, value).

0.5
0.5
61.09291

1.5
0.5
61.5426

2.5
0.5
62.11731

3.5
0.5
62.48634

4.5
0.5
62.30212

5.5
0.5
61.92261

0.5
1.5
63.47947

1.5
1.5
64.46446

2.5
1.5
65.67826

wells.dat
a user named input file containing the location and strength of the pumping wells.  The file has three columns with no headers (x, y, strength)




3.5
3.5
-20




2.5
4.5
20

filename.sle
user named output file containing all of the information required to solve the inverse problem using SSLE.
0

1

6


number of known hydraulic cinductivity

1.0


correlation scale in X

1.0


correlation scale in Y

0.2


variance of Ks

0.5 5.5 1


known values of Ks

1.5 5.5 1

2.5 5.5 0.2

3.5 5.5 0.2

4.5 5.5 1

5.5 5.5 2

0
1


number of pumping wells

3.5 3.5 -25

location and strength of the pumping well(s)

36


number of hydraulic head observations
0.5 0.5 61.09291

hydraulic head observations
1.5 0.5 61.5426

2.5 0.5 62.11731

3.5 0.5 62.48634

4.5 0.5 62.30212

5.5 0.5 61.92261
2

_1172115583.unknown

_1172226828.unknown

_1172226875.unknown

_1172226882.unknown

_1172226772.unknown

_1172115845.unknown

_1172115459.unknown

