Date: October 21, 1997


Due: November 4, 1997





MASSACHUSETTS INSTITUTE OF TECHNOLOGY


Department of Civil and Environmental Engineering





1.72 Groundwater Hydrology


Lab #4:  Modeling Groundwater Flow with MODFLOW





The purpose of this lab is to explore the fundamentals of well dynamics and the sensitivity of flow systems to input parameters.  This lab will also introduce you to MODFLOW, one of the most commonly used groundwater flow models in the hydrologic community.  MODFLOW is a public domain, 3-D, finite difference solution to the groundwater flow equation.  You may find more information about MODFLOW, as well as the source code, on the web at http://water.usgs.gov/software/modflow96.html.  However, everything you will need to complete the lab is provided in this packet and in the class course locker on athena.  





THE PROBLEM:





You will be modeling  an area called Remson Gulch, located between a lake (Loch Loague) and a wetland, as shown in Figure 1.  The  Gulch  is approximately 1.25 by  1  km in size.   The homogeneous, isotropic, unconfined aquifer in the Gulch has a hydraulic conductivity of 10-5 meters per second and receives annual recharge of 2x10-8 meters per second.  The Gulch is flanked on either side by relatively impermeable fractured granite.  The  elevation of Loch Loague is 100 meters (msl), and the elevation of the Wildfowl Wetland is 95 meters (msl).  You should assume that seasonal variation in the water  table and recharge may be neglected (i.e., this is a steady-state  simulation).  The bottom aquifer elevation is approximately 75 meters (msl).  This set of parameters describing the natural system in Remson Gulch will be called the base case scenario.  MODFLOW input files for the base case have already been created for you.  





Your task is to assess the effects of housing development upon Remson Gulch.  In Phase I of  the developer’s plan, a municipal water supply well will be installed near Loch Loague and a treated wastewater infiltration field will be built near the Wildfowl Wetland.  Neither the water in Loch Loague nor the water in the wetland is safe for drinking, so you will want to insure that the well does not draw from these sources.  In  addition, it would be bad if the water supply well intercepted the wastewater from the infiltration  field.  Phase II of the  development  involves building more  housing, and thus requires a larger water supply.  The goals of modeling this area are  1) to understand the sensitivity of the system to input parameters, 2) to assess the feasibility of developing the Gulch according  to the  proposed plan, and 3) roughly determining the effects of this development of the Wildfowl Wetland.





THE MODEL:





1.  Computer Set-up





A SUN-SPARC compiled version of MODFLOW96 is in the 1.72 course locker ( /mit/1.72 ).  This will not work on a DEC, SGI, or PC workstation.  You may, if you so choose, run MODFLOW on another platform, but we will not offer support for such attempts.  You should be able to run MODFLOW from your athena account by following these simple steps:





	i)    attach the course locker:  >> attach  1.72


copy the input files from the course locker to the directory where you want to keep your lab  files.  The input files are:  lab4.bas, lab4.bcf, lab4.oc, lab4.nam, lab4.wel, lab4.ini, and lab4.sip.  You can copy them from the course locker to whatever directory you are currently in by typing:


 		 >> cp  /mit/1.72/remson/lab4.*   .  


copy the matlab script file (for plotting results) to your directory the same way:


		>> cp /mit/1.72/remson/headplot.m   .


each time you log in you must add the fortran library.  Do this by typing:


			>> add sunsoft


	      To avoid having to do this at each login session, you could add this line to your


       .environment file.	


v)   you can make your life a little easier in the long-term by creating an alias to run the 


      model.  Add this line to your .aliases file, or to your .cshrc.mine file if you don’t have a 


     .aliases file:


			alias go ‘/mit/1.72/remson/modflw96’


	     This would make “go” your command to run MODFLOW  (feel free to be creative).  If


 	     you want to use the alias before you log out and in again, you must source the file. 


                  Type:


			>> source .aliases





2. Input files





The base case input files for MODFLOW are all titled lab4.*.  You should  probably keep an original copy of the files and create new input files as you make changes to the model. MODFLOW96 (unlike past versions of MODFLOW) keeps track of all of the input files with a name file.  Under the original naming system, the name file is called lab4.nam.  If you want to change the names of the other input files, you will have to make the appropriate changes in filenames  in the name file.  These are the other input files:





		.nam		control file for model run—input and output file names


		.bas		basic package file—you won’t make changes to this file


		.bcf		block-centered flow package—this is where K is given


		.wel	  	well package—location and magnitude of sources and sinks (i.e.,


 				wells and infiltration fields)


		.rec		recharge package—where recharge value is given


		.oc		output control—you  won’t make changes to this file


		.ini		contains the initial head values—no changes necessary


		.sip		strongly implicit procedure package (solver)—don’t worry


 				about this





When you run MODFLOW, it will prompt you for the filename of the name file like this:


		Enter the name of the NAME FILE:


You should type in (unless you change it):


		>> lab4.nam


That’s all you have to do.





	3.  Output files





As currently set up (in the name file) your MODFLOW runs will produce two output files:  results.out and heads.out.  Results.out is the MODFLOW  output of the run, including i/o, calculated heads at each time step, and a water balance.  Heads.out is an ASCII formatted file of the final heads at each node (the answers).  You have been given a matlab script (headplot.m) that  is designed specifically to produce a contour  plot from heads.out.  To run this script, start matlab:


			>> add matlab


			>> matlab &


 and type in matlab :


>> headplot(flag)





The value of flag is either 0 or 1 (i.e., headplot(0) or headplot(1) ).  Flag = 1 will produce a head contour plot of the Gulch with streamlines, and flag = 0 produces a head plot without  streamlines.  You may print a copy of the  plot by typing in matlab:





			>> print -dps filename.ps





Where filename.ps is what you want Matlab to name your output postscript file.  You can then print this postscript file from the UNIX environment with the lpr command.





Everytime you run MODFLOW, new versions of results.out and heads.out will overwrite the old ones.  If you want to save these files, remember to rename them between runs!  Time to get started.





BASE CASE SENSITIVITY ANALSIS:





After your computer set up is complete, run MODFLOW with the input files as  given.  Compare your  results to the attached MODFLOW results.out file and to the output head field shown in Figure 2.  Make sure that you understand how to run MODFLOW before you continue.





Analyze the sensitivity of the model to the hydraulic conductivity value, the recharge amount, and the thickness of the aquifer.  In each case, perform each of the runs suggested.  You do not need to produce a plot for each run, but please comment on what you learn about each parameter and answer all questions.





	1.  Hydraulic conductivity (K) [input file is  *.bcf]


Run the model with a high K of 10-4 m/s and then a low K of 10-6 m/s.  How would an order of magnitude uncertainty in the value of K affect your confidence in the model results?  What would be a logical upper bound on the height of the water table?  





2.  Recharge [input file is *.rec]


	Run the model with no recharge (this would make the constant head boundaries the only forcing in the model).  Run the model with a slightly  higher  (than the base case) recharge of 2.2x10-8 m/s and then with an order of magnitude higher recharge of 2x10-7 m/s.  Do you notice similarities in the results between changes in K and changes in recharge?  What would happen if you increased both K and recharge by an order of magnitude over the base case?





3.  Aquifer thickness [input file is *.bcf]


	Run the model with the aquifer bottom elevation at 50 meters.  Comment on your results.





PHASE I DEVELOPMENT ANALYSIS:





The fully  penetrating water supply well is located in the model cell at row 6, column 13.  It will be pumped at a rate of 3x10-3 m3/s.  The wastewater infiltration field is located at row 20, column 11 in the model.  Infiltration occurs at half the water supply rate, 1.5x10-3 m3/s.  Since the drainfield is exactly the same size as one model cell, we can model it as an injection well centered over the cell.  To simulate the proposed development, add these pumping and infiltration rates to the model [input file *.wel].  Run the model.  Comment on changes in the flow rate direction and hydraulic gradient as compared to the base case scenario.  Provide a head contour plot of your results.  How are flows to Loch Loague and  the Wildfowl Wetland altered?  (Flux values across the boundaries are located in the output results.out file).  Does the Phase I proposed development plan seem feasible?





PHASE II DEVELOPMENT ANALYSIS:





Phase II essentially doubles the number of houses in the Gulch, creating a corresponding increase in water demand and wastewater generated.  Thus you want  to pump a total of 6x10-3 m3/s of clean water and dispose of 2.5x10-3 m3/s of wastewater.  The developer has a few ideas about how to accomplish this:





1.  Increase everything


	Simulate increased pumping of 5x10-3 m3/s at the original well (located at row 6, column 13).  Increase the  infiltration rate (row 20, column 11) to 2.5x10-3 m3/s.  Comment on how this plan changes the flow rate, flow direction, and hydraulic gradient in Remson Gulch.  Provide a head contour plot for this scenario.  Does this scheme seem feasible?  Would it be appropriate to model this aquifer as a confined aquifer?  Justify.





2.  Add a well


	Simulate an additional pumping well located at row 7, column 9.  Pump BOTH wells at a rate of 3x10-3 m3/s. Increase the  infiltration rate (row 20, column 11) to 3x10-3 m3/s. Comment on how this plan changes the flow rate, flow direction, and hydraulic gradient in Remson Gulch.  Provide a head contour plot for this scenario.  How are the flows to Loch Loague and the Wildfowl Wetland affected?  Does this scheme seem feasible?





	3.  Move the well


	Simulate the same situation as above, but move the new pumping well to row 5, column 10 (close to Loch Loague). Comment on how this plan changes the flow rate, flow direction, and hydraulic gradient in Remson Gulch.  Provide a head contour plot for this scenario.  How are the flows to Loch Loague and the Wildfowl Wetland affected?  Does this scheme seem feasible?





As you complete these simulations, be sure to check that your wells are not pumped dry.  If this occurs, you will see the value head = -99 in the results file.





Please turn in your comments on all model runs, answers to all questions asked in this lab, and any relevant plots.  Don’t forget to label all  plots/figures.  You are encouraged to use information from the MODFLOW results files in your discussion, but DO NOT TURN IN MODFLOW OUTPUTS (i.e., results.lst).





