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This problem set continues the analysis of the Remson Gulch.  You will use Visual Modflow to experiment with particle tracking code Modpath and solute transport code MT3D.  As you saw in the class demonstrations, particle tracking shows the path that contaminants take while solute transport modeling actually calculates the concentrations of the contaminants.  Particle tracking is easy to do since it only requires the results of a groundwater flow simulation, but it ignores the process of hydrodynamic dispersion which can be significant in many situations.

In the Remson Gulch, the infiltration field is a potential source of groundwater contamination that may impact the quality of water pumped from the supply wells.  In your report for the initial feasibility studies, you convincingly made the case that solute modeling would be necessary to more completely assess the long-term impacts of the development project.  In this assignment, you will carry out that analysis.

Setting Up the Model

Your analysis will consider the long-term impacts of the Phase II Development in light of newly collected information about the hydrogeology of the Remson Gulch.  Make the following changes to your Remson Gulch model.

1.  The elevation of Lake Laogue is actually 97 meters instead of 100 meters.  Change the constant head boundary condition to reflect this.  Since this will be a long-term analysis set the stop time to 10,000 days.

2.  The system actually has two separate aquifers: an upper unconfined aquifer and a lower confined aquifer.  Edit the grid and add a new layer with a constant elevation of 85 meters.  In the grid input module when viewing by row or column, choose “Edit Layers”.  On the menu which comes up choose “add”.  Then right click at about 85 meters, select “Add horizontal layer at ____” and type in 85 (if necessary).

3.  The lower layer is a sand and gravel aquifer with higher conductivities.  It is confined by a layer of clay which thins out towards the south.  We don’t need to model the clay explicitly as a separate layer in the model because we are not interested in knowing the heads in the clay, only in its effect on the flow.  Instead we represent the clay in the model by assigning low (clay-like) vertical conductivities to the lower model layer and high (sand-like) horizontal conductivities.  The top layer (layer 1) conductivities will remain at 1e-5 m/s.  The bottom layer will have three zones of conductivity.  Using “Assign window” from the conductivity edit module create three zones like in Figure 1.  Assign the northern zone (rows 1-8) Kx=Ky=1e-4 and Kz 1e-8; the middle zone (rows 9-18) Kx=Ky=1e-3 and Kz=1e-8; and the southern zone (rows 19-25) Kx=Ky=1e-4 and Kz=1e-6.  
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Figure 1:  Hydraulic Conductivity Zones in the Lower Layer

4.  Both wells will be operating at the Phase II rates of –260 m3/day but you will need to change the stop time to 10,000 days.  Also, modify the well screens so that each well is only screened in the lower aquifer.  These changes are made in the Well edit module using the Edit well function.  The recharge from precipitation will remain at 630 mm/year and the recharge from the infiltration field at 38,470 mm/year, but you will need to change the stop time to 10,000 days.  Do this from the Edit properties menu in the Recharge module. 

5.  Now go back to the main menu and go into the Run module.  We will only be doing steady-state flow simulations, so choose steady state.  Under Layers set the top layer (Layer 1) to be unconfined (Type 1) and the bottom layer (Layer 2) to be confined (Type 0).  Now Translate and run Modflow, and then display the outputs.  Your heads should look something like those in Figures 2 and 3.  Q1: How have the heads changed from your single layer analysis of Phase II in the previous problem set? How have the flows changed?  What is the source(s) of the water extracted from the wells?  
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Figure 2: Layer 1 Heads
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Figure 3: Layer 2 Heads

Particle Tracking

We want to know whether any of the infiltration from the drainfield will get into the supply wells.  Look at the head maps for both layers and think about whether it will.  You can select Velocities to display the flow vectors.  We’ll use Modpath to check whether you’re right by putting particles at the infiltration field and seeing where they end up.

1.  Use the main menu to go back to the input screen.  Select Particles from the top menu and Add circle from the buttons on the left.  Click in the middle of infiltration field cell (in layer 1) and then move to the edge of the cell and click again.  In the dialog box choose Forward (we want our particles to go forward in time) and add 30 or so particles.  You might add a few particles in other locations to see what happens.

2.  Run the simulation.  Remember to select both Modflow and Modpath on the Translate/run dialog box.  To see where the particles go, select Pathlines from the Output menu.  The arrowheads on the pathlines give an indication of travel times.  By selecting the Options button you can see how many days each arrowhead represents.  Counting the arrowheads along a path gives an estimate of the travel time.  Q2: Based on the initial particle tracking run, does the infiltration from the sewage plant reach the supply wells? If so, how long does it take?  

3.  Try changing the recharge rates and the pumping rates up or down by 25% or so in different combinations.  Q3:  Describe the effects of these changes on the particle tracking results.  Which changes make the situation better and which make it worse?  Explain why in terms of head gradients and groundwater divides.
4.  Determine the effect of changing the thickness or conductivity of the clay layer under the infiltration field.  You can do this by changing the vertical conductivity of the southern zone in layer 2.  Modify it by one and two orders of magnitude.  Also investigate the effect of porosity.  Change porosity for the entire domain under the Properties/Storage menu by selecting the Database button.  Q4: Describe how porosity and the conductivity of the clay layer affect the flow paths and travel times of the infiltration contaminants.  Which parameters are the results the most sensitive to: recharge/pumping rates, porosity or the clay layer conductivity?

Solute Transport

Now that we have an idea which direction the infiltration goes under different scenarios, we will use solute transport modeling to examine the concentrations.  

1.  From the Input screen, choose MT3D.  Set the initial concentrations to be 0 mg/L.  Under Boundaries/Recharge conc., use Assign single to assign a concentration of 100 mg/L to the infiltration field cell.  From the Dispersion menu, assign a longitudinal dispersivity of 1 m and horizontal and vertical dispersivity ratios of 0.2.  When you modify these later you’ll use the Data and Dispersivity options buttons.  We will neglect diffusion so leave the diffusion coefficient at 0.  Choose the Calibration menu to set observation points at the wells to allow us to get break-through curves.  While viewing layer 2, click Add obs and then click on a well.  Give the observation point a name and make sure the Z location of the observation point is about 80 m.  Do the same thing for the other well.

2.  Exit to the main menu and go to the Run screen.  Select MT3D and then Output/Time Steps.  This is where we specify the length of the simulation and at what times we would like to know the concentrations.  Set the simulation time to 10,000 days and the max # of transport steps to about 5000.  Uncheck Save simulation results at end of simulation only. Select Save simulation results at specified transport steps and input 10 in Save each ___ steps.  Now we’re ready to run MT3D, so choose Translate/run and select at least Modflow and MT3D.

3.  From the Output menu, choose Contours/MT3D concentrations.  You should see a bull’s eye of concentration contours around the infiltration field.  Click on the Next button to the right of the Time button to see how the contours change with time.  By clicking on the Options button to the left, you can change the way the contours are displayed.  To show a breakthrough curve, click the Select button and choose Single, and then click on the crosses on each of the wells so that it turns red.  Now click on the Obs vs. Time button to see the breakthrough curve.  Q5:  How long does it take the concentration to first reach the wells?  How long does it take for a concentration of 5 mg/L to reach the wells?  How long does it take for the concentration to reach steady-state?

4.  Now perform a sensitivity analysis on the solute transport parameters.  Vary the longitudinal dispersivity through its typical range of [0.1 m, 2 m] and the horizontal and vertical dispersivity ratios in the [0.1, 0.3] range.  Also check the sensitivity of the clay layer conductivity and porosity.  Q6:  Summarize the results of your sensitivity analysis illustrating with a few break-through curves and concentration contours.

5.  Investigate whether changing the location of the infiltration field or the wells would allow the system to operate indefinitely with the concentration of solute reaching the wells remaining below 5 mg/L.  Q7:  Describe your proposal on how to improve the configuration explaining why it is better than the original configuration.  Is your proposal sensitive to the uncertain parameters which you looked at in your sensitivity analysis?
Writeup

Your writeup of the results should answer the questions and refer to appropriate figures/plots from your runs.  You should try to generalize from the details of your model results and give answers in terms of hydrologic principles.  In other words, don’t give overly detailed descriptions of your model results.  Instead, summarize them and explain what you learned from them and what principles they illustrate.

