
Leaking Landfill Problem 

OVERVIEW

Part 1. Use MODFLOW and MT3D to create a contaminant plume caused by a leaking landfill.

Part 2. Use MODFLOW and MT3D to show that the contaminant plume causes a water quality problem.

Part 3. Use MODFLOW and MT3D to design a remediation plan to mitigate the water quality problem.   

PART 1

  Generate the Plume

A)  Use MODFLOW to create a steady-state flow field for a three-layered aquifer system having the geometry given in the attached figures.

Use a uniform horizontal grid spacing of 100 m.  The top layer (layer 1) is unconfined; layer 2 is 10 m thick and layer 3 is 200 m thick.

Hydraulic conductivities are as follows:  50 m/day for layer 1; 1 m/day for layer 2; 100 m/day for layer 3.  Each layer is homogeneous and isotropic.

The east and west boundaries are constant head conditions in all three layers with the western boundary set at 237 m and the eastern boundary set at 230 m.  The northern and southern boundaries are represented as no flow boundaries.

Use the river option to simulate a partially penetrating river in layer 1, column 17.  The riverbed sediments are 1 m thick with a vertical hydraulic conductivity of 10 m/day .  The width of the river is 10 m and the stage is 230.5 m.  The bottom of the riverbed is at 221 m.

Use the well option to simulate the water supply well in layer 3, row 12, column 11, with a pumping rate of 50,000 m3/day. 

Use the recharge option to simulate a uniform areal recharge of 0.001 m/day.

Run MODFLOW under steady-state conditions and set the stress period equal to 1000 days.

B)  Use MT3D to generate a contaminant plume caused by leakage from the landfill.  The landfill is located above nodes K,I,J (layer, row, column) = 1,10,8 and 1,11,8.  This is an old landfill whose liner and cover have failed.   Leachate from the landfill enters the aquifer in recharge at a rate of 0.001 m/day.  The concentration of iron in the leachate is 2500 mg/l.  Assume there are no chemical reactions during transport through the aquifer.


The dispersion parameters for all three layers are:



Longitudinal dispersivity = 10 m


Horizontal transverse dispersivity = 1 m


Vertical transverse dispersivity = 0.1 m


Diffusion coefficient = 4 x 10-5 m2/day

Effective porosity = 0.3 for all layers.  The initial concentration in the aquifer is zero.

Run the model for 1000 days using the TVD method with an implicit solution for the dispersion and source terms. 

Suppose that the plume is discovered after 1000 days.  The two discharge points of interest are the water supply well and the river.  You should find that at 1000 days, the concentrations are approaching or already above the drinking water standard for iron, which is 0.3 mg/l. 

PART 2

Determine whether concentrations exceed the drinking water standard without remediation

A) After the plume is discovered at 1000 days, one option would be to do nothing.  Place an observation well where the center of the plume intersects the node beneath the river and put another observation well at the water supply well.   Re-run MODFLOW and MT3D with a new stress period length of 5000 days in order to generate data for the observation points.  Examine the breakthrough curves at these two discharge points and determine the steady state concentrations of iron at each discharge point.  Also examine the concentration profiles through the center of the plume using the Plot profile option in Groundwater Vistas.  

B) Test the sensitivity of your solution to grid spacing
In Parts 1 and 2A, we solved the problem using a relatively coarse grid of 100 m.  The longitudinal Peclet number for this problem is 10, which is high.  Lower order finite difference schemes will be subject to numerical error (either overshoot/oscillations or numerical dispersion).  The TVD method should give acceptable solutions but even this method will include some errors caused by the coarse grid (high Peclet number).  Re-design the grid to use a uniform horizontal spacing of 50 m.  This will reduce the Peclet number to 5, which is better but is still high.  (Remember that for traditional FD methods the Peclet number ideally is around 2 and generally should not exceed 4.)  In re-designing the grid, be sure to keep the overall dimensions of the problem and the landfill the same as in your 100 m grid simulation.  Also, for the purpose of this exercise keep the pumping area for the water supply well the same as in the 100 m grid simulation and pump out the same total volume of water.  Locate the observation well in the center of what is now a pumping field of four wells.  The river cells, however, should now be located in one 50 m wide column instead of in a 100 m wide column. 

Run the 50 m model using:  a) the TVD/implicit solution method; b) the FD implicit method with central weighting; c) the FD implicit method with upstream weighting.  Use a stress period of 5000 days for each simulation.  Look at the breakthrough curves for the two discharge points and note the characteristics of each solution and the differences among the three solutions that use 50 m grid spacing and your original solution with 100 m grid spacing.  Also look at the mass balance errors in the mass balance summary files.   Make a decision about which grid spacing and solution method you will use for the rest of the problem.

PART 3

  Remediation

A) Suppose that a proposed remediation scheme consists of stopping the leakage from the landfill by installing a cover designed to prevent recharge from entering the landfill and drains designed to remove any remaining liquids from the landfill.  (Note that we will not simulate the drains directly.  Assume that they are installed immediately adjacent to the landfill, which lies above the model domain.)  Under these conditions, there is no leachate leaving the landfill after 1000 days. 

Run MODFLOW under steady state conditions using a stress period of 1000 days with leakage out of the landfill.  Then run MT3D for the same time period.  Now set the leakage from the landfill equal to zero and run MODFLOW again under steady state conditions, this time using a stress period of 5000 days.  (We are simulating a transient response by using two different steady states.)  Use the concentrations at t= 1000 days produced in the previous run of MT3D as the initial conditions for a new MT3D run with a stress period of 5000 days.  (You can do this in the initial concentrations window.  Be sure to specify the last time step, i.e., the time step for t=1000 days, by entering the appropriate number in the time step box.)  Examine the breakthrough curves at the two discharge points to see how long concentrations will exceed the drinking water standard of 0.3 mg/l.  

B) Now suppose that in addition to installing the cover and drains, we also install one or more pumping wells to intercept the plume.  The objectives are to:  

1.  minimize the length of time that the drinking water standard for iron (0.3 mg/l) is exceeded at the river and water supply well(s).
2.  minimize:   the amount of water pumped; the diversion of water from the stream into the pumping well(s); the extent of the cone of depression (check to make sure that drawdowns at the boundaries of the model are small); the length of time needed for remediation (i.e, how long do we need to operate the interception wells?). 

This time, use MODFLOW under transient conditions assuming no leakage from the landfill and including pumping from your interception well(s) and the water supply well(s).  (Use the heads from Part A above as the initial heads so you can calculate drawdown.)   Assume that the specific yield is 0.2 and the storage coefficient is 5 x 10-4 for all layers.

Use MT3D to simulate remediation with the interception well(s).  The initial concentration distribution is the concentration distribution at 1000 days, as calculated in Part A above. 

PART 4

Present Results
A) Grid spacing and solution method.  Tell which grid spacing and which solution method you selected for the remediation simulation and briefly justify your decision.  
B) Do Nothing Option.  Present your results from Part 2 (do nothing option) by showing your grid and the concentration contours of iron in layer 1 at 5000 days.  Also show the location of the observation point beneath the river.  Present the breakthrough curves for your two observation points-- beneath the river and at the water supply well(s).  Also show the concentration profiles through the center of the plume.   If we do nothing, what are the steady-state concentrations of iron at the two discharge points?
C)  Remediation Results.  

· Show concentration contours in layer 1 (with velocity vectors superimposed) at

t = 1000 days (i.e., prior to remediation). 

· Show breakthrough curves at the two discharge points for iron under conditions of remediation using only a cover and drains (results from Part 3A).  If we decided to remediate by installing only a cover and drains, how long would there be a problem with high iron concentrations at the discharge point(s)?

· Describe your pumping scheme and show contour plots of head and drawdown (with velocity vectors superimposed) during remediation with a cover/drains and interception well(s) (results from Part 3B). Present breakthrough curves at the two discharge points. Comment on the length of time needed for remediation and discuss how well your design meets the remediation objectives listed under Part 3B.  In particular, you should quantify the diversion of water from the stream that occurs as a result of pumping.

· It is possible that if the only contaminant of concern were iron, it might not be economically wise to install and operate interception wells.  Considering what you have learned by simulating the various options, what would you recommend?
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Datum =  0 meters





The river is shown in green.  The landfill is shown in light blue.  The constant head boundaries are shown in dark blue.  The water supply well in layer 3 is shown in red.
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