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Problem Set #1 – Analytical Solutions
Refer to the analytical solution discussed in Section 5.2 of Zheng and Bennett.  This analytical solution can be solved using the FORTRAN code ATRANS.  Files to run ATRANS, as well as instructions, can be downloaded from the 727 course web page.  Use ATRANS to solve the following problems.

There is a patch source with a concentration of 100 units located in a 100 meter thick confined aquifer.  Consult Fig. 5.4 on p. 115 of the textbook by Zheng and Bennett and note the orientation of the coordinate system relative to the source.  The source is 5 meters wide (along the y direction) and is located in the interval z = 40 m to z = 60 m.  The average linear velocity is 0.5 m/day.  Longitudinal dispersivity is 10 m.  Horizontal transverse dispersivity is 1 m and vertical transverse dispersivity is 0.1 m.  Assume that molecular diffusion is negligible.  Use NFOUR = 100.

1. Use the output in the file *.obs to produce breakthrough curves for up to 150 days at an observation point along the centerline of the plume at (x,y,z) = (30., 0., 50.) for the following five scenarios.  Graph all five curves on one plot.  Label each curve and BRIEFLY discuss and rationalize the differences among curves.  

(a) Assume that there is no retardation and no decay

(b) Assume that the retardation factor is equal to 2.0.  Assume no decay.

(c) Assume that the half life of the contaminant is 50 days.  (Note:  Remember that the half life is different from the first order decay constant, CLAMDA, that is used in ATRANS.  You must use the value given for half life to calculate a value for CLAMDA.)  Assume no retardation.  

(d) Assume that the half life is 50 days and the retardation factor is 2.

(e) Assume no chemical reactions but now set longitudinal dispersivity equal to 5 m, horizontal transverse dispersivity  to 0.5 m and vertical transverse dispersivity to 0.02 m.

2. Now suppose that the 5 m wide source fully penetrates the 100 meter thick aquifer.  Assume no retardation and no decay and the same dispersivities as in case 1a above.  Note that since this is now a 2D dispersion problem, the value for vertical transverse dispersivity is not relevant.  Produce a breakthrough curve at the observation point, which is located on the centerline and 30 m downgradient from the source, as in case (1a) above.  

.

(a) Plot this breakthrough curve and the curve from (1a) above on the same graph.  You will find that the two curves are superimposed. Explain why the curves superimpose for our problem but not for the problem considered by Zheng and Bennett (Fig. 5.6, p. 118).

(b) Produce breakthrough curves for a 20 m thick source (3D dispersion) and a 100 m thick source (2D dispersion) at a point off the centerline at (x, y, z) = (30, 0, 60).  .  Explain why these curves do not superimpose.

(c) Now run a simulation for the same observation point on the centerline (x = 30 m) as used in part 2a but this time assume that the source fully penetrates the aquifer and is infinitely wide.  Use the same values for dispersivity as in part 2a but, of course, since this is now a 1D dispersion problem only the value for longitudinal dispersivity is relevant.  Plot this curve on the same graph as the two superimposed curves from part 2a.  Note that there is a large difference between the 1D and 2D/3D simulations.  (Also see Figure 5.6 in Zheng and Bennett.)  Briefly explain why.
3. Re-run the simulation using the parameters from part (1a) and generate a longitudinal concentration profile along the x axis where y = 0, z = 50, and t = 150 days.   Set appropriate values for lines 20- 24 in the input file.  The concentration data will be stored in the *.asc output file.

(a) Plot the concentration profile.  If we arbitrarily assume that the edge of the plume is defined by the 0.01 concentration contour, what is the length of the plume at 150 days?

(b) Calculate the length of the plume at t = 150 days if we assume that a chemically conservative contaminant undergoes transport without dispersion.  

