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Entering Data and Running the Model




Dr. Sanders
Now that you have a grid for your model, the next step is to use Graphic Groundwater (GGW) to build and run a numerical model of ground water flow in your area.  You can use it to produce a contour map (essentially, part of a flow net) of the water table after five years of pumping, and do “particle tracking” to delineate the 5-year capture zone.  This handout may not tell you absolutely everything you need to know, but it will at least get you started!  Consult the online GGW manual and your textbook for more information.

The story thus far: By this time, you should have a grid on GGW that corresponds to the dimensions of your flow system area.  

What’s next?  Open the model, and click File | Open Graphic Image.  Select and open the bitmap (.bmp) image that shows the model area.  The grid and image should be aligned with each other (cover the same area).  Note: You can “turn off” the graphic image by clicking Preferences (the big P on the toolbar) and selecting View Preferences, then unchecking Graphic Background.  Turn it back on by rechecking the box.  

On the dropdown menu, return to the Layer Qualities box (you’ve seen this before) by selecting Layers | Layer Qualities.  In the upper right hand corner of this box, select Layer Type as Confined/Unconfined (Option 3).  Look at the default values that have been entered.  Uncheck all the little boxes to the right of the default values; this will allow you to change them later on.  Click Finished.  
	HINT: At any point while using GGW, if you want to zoom in or zoom out, use the magnifying glass on the toolbar.  Click on the magnifying glass, then click anywhere on the map or grid.  When you’re satisfied with the size, “put away” the magnifying glass by clicking it on the toolbar again.


Setting Boundaries: 
Identify the boundaries of the flow system on your map.  Decide where you think no-flow boundaries should go, and identify the grid cells that correspond to the no-flow boundaries.  Now set the “status” of these cells.  To do this, use the mouse to highlight the cells in the grid that correspond to no-flow boundaries.  You can do this a few at a time or all at once.  (To highlight a group of cells, press Shift and use the mouse to highlight the cells.)  Then, on the toolbar, click the button for Inactive Cell (it has a box with a gray border).  If you make a mistake, highlight the cell again and click the toolbar button for Active Cell (a box with no colored border, on the toolbar).  

While you’re at it, select any cells that are outside the boundaries of your model area, and change them to no-flow (inactive) cells as well. 

Next, locate any constant head boundaries/cells you might have in your area.  On the grid, identify the cells that correspond to the constant head boundaries.  Highlight these cells on the GGW grid and click the toolbar button for Constant Head (it has a blue border).
Preferences: Click on the toolbar button with a big “P” on it.  Click the View Preferences tab.  Using this tab, you can turn off or on the map, grid, and colors of each cell.  For now, make sure all the boxes are checked; later, you’ll find it helpful to turn on and off certain features.
Click the Units tab.  Spatial units should already be defined (feet).  For temporal units, choose “days”.  

Click the Basic Information tab.  Select Steady State, Fully Three Dimensional, Global Budget Output, and Cell Flows Budget Output.  Under Save Options, click Save Results.  Under Equation, select Function of Surrounding Heads.  Under Stress Packages, select Well and Recharge.

Click the Output Control tab.  Click Tracking.  Then click Finished.

	I recommend you save your model at this point—save early and often!  If you make a “fatal error”, there’s no warning—you just get booted out of GGW.  So save your work frequently.  Do this by selecting File | Save (you also can choose Save As).


Stress Periods: Click Stress Periods | Stress Period Qualities.  Enter 1826 for Duration.  This will make the simulation run for 5 years (there are 1826 days in 5 years).  Click Finished.
Overlays:  Click Overlays.  This is where you’re going to spend most of your time building this model.  Some (but not all) items on this dropdown menu are “lit up”, which means you can set their values.  You’ll need to enter values for each cell for (almost) every one of these menu items.

Bottom Elevation:  Enter the bottom elevation of the aquifer.  This one takes a bit of thinking, as well as looking at your geologic data.  Try some values that seem reasonable; you can always change them later.  

HINT: It’s easy to enter values for a whole bunch of cells all at once!  Try this: after you click on Bottom Elevation, go to the dropdown menu and click on Edit | Select All.  The whole grid should be highlighted.  Now, type the bottom elevation value in the dialogue box and then click Set, then Finished.  Every cell you click on now should show the value you just typed in.

Or try this: hold down the Shift key as you use the mouse to select cells.  You can highlight as many as you want now.

Top Elevation: Enter the top elevation of the layer that you are working with.  Ground surface elevation is given by the topographic map.  

Initial Head:  The initial head is an elevation of the water level.  The model will use it to begin its calculations.  Then, it will go through several iterations (sequential guesses) and will calculate the hydraulic head for each cell in the model.  After you run the model, you will be able to see these final values by clicking Results | Head.  But for now, all we’re doing is giving GGW somewhere to start its guesswork.  Entering something reasonable for Initial Heads will mean that the model will take less time to run and will produce a more accurate result.  What is a reasonable value?  Something close to what the true water table is.  You might use the static water level, or the level of water in a stream or river.  Be sure you’re using elevation of water, and not depth to water!

To enter the values for water level in a stream, use a topographic map to determine the elevation of the water in the stream at the upstream end, and then at the downstream end of the stream.  Enter these values on the Initial Head overlay.  

Now we need to know the values for all the other cells that make up the river.  There’s a relatively easy way to enter the values so that they gradually decrease in the downstream direction.  It involves entering values for a couple of “nodes”, highlighting all the cells involved in the calculation, including at least 2 nodes, and then clicking Interpolate.  
	Before you can interpolate, you’ll have to change one of the default values: Click Preferences (the big P), and click the “View Preferences” tab.  At the middle bottom you will see options for interpolating.  Set the Maximum Node Distance to a very large number, like 10000.  Click Finished. 


To enter values for a river, then, enter the water elevation at the upstream end and click Set.  Then, click Set Node.  A circle should appear.  This tells GGW that you are declaring that cell as a node to be used in interpolation.  Do the same for the downstream end of the stream.  Now you have two nodes.  Highlight all of the river cells between these two nodes, and including the two nodes, and then click Interpolate.  Now the values for the cells between the two nodes should decrease gradually as you go downstream.  See the GGW manual for info on Interpolate.
Row Conductivity:  In each active cell, enter the value of horizontal hydraulic conductivity at that location.  Important: the value must be in the same units of length/time that you used throughout the modeling process!  In this case, that means feet per day.

Note: The terminology “Row Conductivity” is a bit misleading.  Think of it as “Horizontal Hydraulic Conductivity”, and simply enter the K value here.

Vertical Conductivity: If this option is “lit up”, enter the value of vertical hydraulic conductivity, in ft/day.  Unless you have specific knowledge to the contrary, I suggest you use 1/10 of the value of horizontal conductivity.  

Porosity: The Illinois EPA likes us to use a porosity estimate of 25%.  Let’s start with that, and we can change it later if we want to.

Recharge: Enter a value for how much water you think enters the aquifer from the infiltration of precipitation into the aquifer.  I suggest you start with some number of inches infiltrated per year, and then, change the value to units of feet per day.  How can you begin?  Think about how many inches of precipitation fall each year in this area.  How much do you think runs off?  How much is evapotranspired?  How much ends up in ground water?  Make a guess first, and then feel free to consult with me on this.  Don’t forget to use units of ft/day!

Well:  Click “Add Stress”.  Then use the mouse to highlight the cell in which a pumping well (one of the CWS wells) is located.  Enter the annual pumping rate for the well (make sure the units are in cubic ft per day!)  NOTE:  Pumping rate should be entered as a negative number, since water is being withdrawn from the aquifer.  I suggest that at the beginning, you enter a pumping rate of zero.  (Once you get your model to run with zero pumping, then change it to the real pumping rate.)  Click “Set Stress”.    

If you have more than one pumping well in your model area, click “Add Stress” again, highlight the cell for that well, and click “Set Stress”.  Continue until you have set all the wells; then click Finished.

Particle Distribution:  Click on “Ring”; then “Add Batch”.  Go to the cell representing your first well, highlight it, and click “Set”.  Then “Add Batch” again, go to the next well, highlight it, and click “Set” again.  Continue until you have put a batch of particles in each pumping well.  Then click Finished.

Running the Model: You’re just about ready to run your model!  But first, make sure you save it!  Click File | Save, give your file a name, and click Save.

To run the model, click Model | Flow, then click Start.  

Chances are that your model will not work the first time!  But don’t be discouraged; this happens to everybody, even professional modelers.  Check your input and try again.
After a whole bunch of tries, at some point, your model actually will run.  When it stops running, you can see how many iterations it went through to converge on a solution.  If it’s more than about 300, there’s a problem.  Usually, in a simple model, it will be less than 100.  Click Finished.  

Now, display the results.  Here is one way to look at the results: click Results | Overall Budget.  Look at the lower left corner of the screen; note the values of Total Flow In and Total Flow Out.  These two numbers should be approximately equal for the water budget to balance.  Also check the total flow out of the wells; it should equal the total volume of water pumped annually from your CWS wells, multiplied by 5 years.  Click Finished.

Even more fun: click Results | Head | Steady State.  This will display the value of hydraulic head in each cell.  If you can’t see the numbers, use the magnifier on the toolbar to enlarge the view.  Do the numbers look reasonable?  What would reasonable head values be?  They should be lower than the ground elevation, but higher than the bottom of the aquifer.  Are the constant head values at the same value you set them to?  Is the general direction of flow what you expected?  

The most fun of all is to ask GGW to produce a map of equipotential lines.  Click Results | Head, then Display | Contour, and look at the values in the box.  GGW will propose a contour interval to use.  If it’s zero, change it to some non-zero number.  Otherwise, just accept it for the time being, and click Start | Finished.  This will display equipotential lines.  Look them over; do they make sense?  What direction of flow do they indicate?  Click Preferences and un-click Graphic Image, then Finished.  What does your flow net look like now?

And finally, click Display | Track Particles.  Make sure that Tracking Duration is 1826 (the number of days in 5 years) and that Reverse Tracking is selected.  Click Start | Finished.  This displays the paths that particles (for example, of contaminants) would travel along in a 5-year period.

Evaluating the Model:  This first attempt at modeling will not be your last one!  As you examine the results, you will no doubt find that it doesn’t make sense in one way or another.  You will need to adjust your input parameters, SAVE YOUR WORK, and re-run the model to make it make more sense.  There are other considerations, too.  Bring your questions to class, and we will discuss them.  

