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Problem Set #2 – Introduction to MT3DMS

Solution Options

Refer to Section 7.9 (p. 7-27) of the MT3DMS manual (also p. 228-231 of the textbook), which describes a two-dimensional transport problem.  Refer to Fig. 7.13 and the parameter values on pages 7-27 and 7-29 of the manual and set up this problem in Groundwater Vistas (GWV).  The original problem is designed for a two-year simulation period, consisting of one year of injection of contaminated water, followed by one year of injection of clean water.  We will run the simulation only for one year and reproduce the first half of the breakthrough curves shown in Fig. 7.15.  The purpose of this problem is to give you some experience with the solution options available in MT3DMS.

Consult Table 3.1 (p. 3-20) in the manual for a list of the solution options.  For this problem we will use the following solution options:  (1) HMOC with the implicit finite difference method (use GCG solver); (2) TVD Ultimate method with the implicit finite difference method (use GCG solver); (3) Explicit finite difference method with upstream weighting; (4) Implicit finite difference method with central-in-space weighting (use the GCG solver).

Tips for setting up and running the model

1. Convert the units in Fig. 7.13 of the manual (Fig. 7.24 of the textbook) to m/year so that the time step can be in years rather than seconds.

2. Use Groundwater Vistas to design the flow model and solve for the flow field.  In the MODFLOW packages window be sure to check the box for MT3D flow output.  Also in the packages window check that there are non-zero unit numbers in the cell-by-cell flow column next to the bcf and well packages.  (This is necessary in order to get mass balance output displayed in GWV.)  Under the stress period set-up window, set the stress period length to be 1 year.  Insert the injection well and the pumping well by using the BCs (boundary conditions) option on the toolbar.  Enter the pumping and injections rates.  Note that pumping rate is negative and injection rate is positive.  Use the monitoring well option (under Add>well) to introduce the monitoring well at the appropriate grid point (e.g., at the same node as the pumping well).  Be sure to set the pumping rate to zero for the purposes of the monitoring well option.

3. In the MT3D packages window, include and create the BNT, ADV, DSP, SSM and RCT packages for all simulations and include and create the GCG package as appropriate for the selected solution option.

4. Set the upper zero mass flux boundary by designating those boundary cells as being in zone 10 in the diffusion properties window (also see the setting for this in the window for the MT3D basic package).

5. The side boundaries will default to zero mass flux since these boundaries are default no flow boundaries.  The bottom boundary will default to a specified mass flux boundary (Cauchy conditions) since it is a specified head boundary in the flow model.

6. Check the “paths to models” window under “Model”.  Make sure there is a directory given for MODFLOW and MT3D.  Check the path to your working directory which is where all the files for your run will be stored.

7. Under time stepping, the transport step should be set to 0.  (MT3D will select time steps appropriate to meet the stability constraints.)

8. Under chemical reactions choose the no sorption and no decay options.

9. Under printing of results, select frequency of output to be every time step.

10. Under MT3DMS options enter 1 for frequency of printout to OBS.  Also enter 1 for frequency of mass balance printout.

11.  When you import data after the simulation is finished, click on the second browse button (next to MT3D mass transport time step) and select the last time step.  GWV will then import all the concentration data for all the time steps for use in constructing the breakthrough curve at the monitoring well.

12. Use the plotting option in MT3D (Plot>hydrograph>monitoring well) and choose to plot concentrations and then view the breakthrough curve.  

Results (Items that should be turned in are indicated in bold italics)

(1) Print out a contour map showing the head distribution with flow arrows superimposed.  Notice how the flow is deflected around the area of low hydraulic conductivity.  Note that the flow field is not strongly affected by the injection and pumping wells.  Look at the water balance summary in GWV (click on Plot>mass balance> model summary, and do not choose to multiply fluxes by concentration).  Calculate the ratio of water pumped to the inflow of water from the upper constant head boundary.

(2) Import the data from the *1.obs files (where * indicates the root file name you assigned to your run in GWV) into Excel or some other spreadsheet.  Plot all four curves (one for each of the four solution options) on a single graph.  Briefly discuss and explain the differences in the curves.  
(3) Look at the *1.mas file for each of the solutions and comment on the mass balance error present in each solution.  (Note:  The mas file may be masquerading as an MS office access file.  MS office may think that the *1.mas file is an Access file and may remove its “mas” extension.  If this happens, open up Wordpad and import the file.  The mass balance summary data should appear.)

(4) Which of the solution(s) is (are) the “best”?  Why?

(5) In the TVD solution, use the Plot>mass balance> model summary and choose to multiply by concentration to view the mass balance calculated by GWV. You will see that there is a large mass balance error.  The numbers in the GWV mass balance summary are essentially meaningless. To check mass balances you need to look at the *1.mas file and the *.out file created by MT3D. Note that the numbers in these files are cumulative mass flux.  What is the mass flux being pumped out of the well at t = 1 year?  What is the mass flux out of the model through the constant head boundary at t = 1 year?  Note that the mass coming into the model through the injection well is not balanced by the mass leaving the model.  Where is the rest of the mass?  

(6) Print out a contour map showing the concentration contours for the TVD solution.  What is the approximate concentration at the injection well?  Why is it less than the source concentration of 57.87 ppm?

