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Hydrogeology Workshop


Instructor's Notes / Key
PART 1

The file <MODFLOW-Key.xls> contains the solution to the Dupuit Approximation for the system described in the handout.  This exercise asks the students to find minimum and maximum values for groundwater recharge (w) given the system dimensions and an isotropic homogeneous value for hydraulic conductivity (K) value.  In the past I have asked the students to find minimum and maximum K values given some value for w.  The activity is the same and students learn the same material.  
I have also included <MODFLOW-StudentTemplate.xls> which is a blank worksheet for student use.  This template is given to students only if I feel they are comfortable with computer spreadsheet programs; if this is not the case in your class it may be best to share this file after the students practice a bit on their own.

PART 2
Case 1 – Minimum Recharge Value
Version 3.0.0 of Visual MODFLOW was used to generate the file Case1.  The geometry of the system is:

1.
Initial Parameter Input Deck ---


Columns: 15

Xmin: 0 m

Xmax: 3,000 m

Rows: 50
Ymin: 0 m

Ymax: 10,000



Layers: 1

Zmin: 100 m
Zmax: 135 m


Units: default, except K in m/d
2.
Properties – Conductivity ---

Kx (m/d): 5.0


Kz (m/d): 5.0


Isotropic and Homogeneous (one value for entire system)


Ss (1/m): 0.001


Sy (-): 0.1


Eff.Por (-): 0.2


Tot.Por (-): 0.2

3.
Boundaries – Constant Head ---


Assign – Line: draw line across the row Y = 10,000 m



Stop Time: (some large number, e.g., 10^6 days)



Start Time Head (m): 125 m (the river boundary, water elevation)


Stop Time Head (m): 125 m


Assign – Line: draw line across the row Y = 0 m



Stop Time: (some large number, e.g., 10^6 days)



Start Time Head (m): 120 m (the swamp boundary, water elevation)



Stop Time Head (m): 120m

4.
Boundaries – Recharge ---


Stop Time: (some large number, e.g., 10^6 days)


Recharge (mm/yr): 4.11

5.
File -- Main Menu

6.
Run


Steady State (or Transient; doesn't affect result)

7.
Run


Check MODFLOW 2000 and click "Translate and Run"

8.
Output


A map of the water table contours will be displayed.


Click "View Column" then click the mouse on the map to view a cross section.



Vertical Exaggeration -- F8 key; choose 50.0


Click "View Layer" then click the mouse on the cross-section

NOTE: the cross-sections are oriented such that North is at right, which may be opposite of cross-sections constructed for Part 1.

Case 2 – Maximum Recharge Value
1.
File -- Main Menu


Save As: Rename file (we'll edit the existing recharge value but keep other parameters the same).

2.
Input


Boundaries – Recharge


Change recharge value to the maximum value (51.5 mm/yr in this case)

3.
File -- Main Menu

4.
Run


Steady State (or Transient; doesn't affect result)

5.
Run


Check MODFLOW 2000 and click "Translate and Run"

6.
File -- Main Menu

7.
Output


A map of the water table contours will be displayed.


Click "View Column" then click the mouse on the map to view a cross section.

NOTE: The cross-section of this result will show the parabolic nature of the water table just below ground surface.  During the in-class demonstration the students and I predict what might happen if the recharge value was larger (or if the hydraulic conductivity value was smaller).
Case 3a – Optimal Recharge Value
Model calibration: the data provided in the table on page 3 of Handout 2 were obtained using recharge = 18 mm/yr (see the Excel file <MODFLOW-Key.xls>).  The students should note the head values in the model cells that correspond to the locations of wells P1 – P4 in Figure 1.
Adapt one of the previous .vmf files by using File – Save As, and then choose a recharge value that could match the "real" water level data.  I emphasize to the students that this is a trial-and-error process.  (WinPEST could be used instead for this step – this is beyond the scope of an introductory hydrogeology course.)
Case 3b – Optimal Recharge Value with Groundwater Divide as a No-Flow Boundary

Adapt Case 3a; turn off cells in the row that contains the cells with the largest water table elevations.

Case 3c – Optimal Recharge Value with Groundwater Divide as a Constant Head Boundary

Adapt Case 3a; set a constant head boundary for the cells with the largest water table elevations.

Case 4a – Pumping Well

Adapt Case 3a; add a pumping well at the location shown in Figure 1

Case 4b – Pumping Well, No-Flow Boundary at Groundwater Divide


Adapt Case 3b

Previously during the semester the students investigated the mathematical condition of the groundwater divide using the Dupuit Approximation (where dh/dx = 0 and thus q' = 0).  The students test this assumption by including a pumping well in the model.

Case 4c – Pumping Well, Constant Head Boundary at Groundwater Divide


Adapt Case 3c

The students also consider that at the groundwater divide the water table is static; they see the result of using the constant head boundary condition for the groundwater divide when a pumping well is included.
Case 5 – Pumping Well + Landfill

Adapt Case 4a; add Particles to represent a leaky landfill.  
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