
Homework 1 - Spring 2008: Earth 441 – Aquifer Mechanics 

Assigned: Jan 24, 2008  Due: Jan 31, 2008 in class 

1. Variation of the components of hydraulic head in a soil column with flowing water (20 pts) 

 

Background: Figure 1 represents a sand-filled column that is attached to constant head 

reservoirs by tubing. The tubing has no hydraulic resistance. Assume that the components of 

head vary linearly with distance along the axis of the column. 

 

Required:  

Plot total head, elevation head, and pressure head as a function of distance along the axis of the 

column. Be sure to indicate the value for each of the components of head at points A, B, C, and 

D.   

 

 

 
 

Figure 1. Diagram of a sand-filled column attached by tubing to constant head reservoirs. 

 



2. Relative contributions of potential, elastic, and kinetic energies to the hydraulic head (10 pts) 

Background: Figure 2 shows a parcel of water in a system.  Assume the density of water is 998.2 

kg/m3.  Use a value of  v = 0.069 m/day for a sandy unit and v = 0.00015 cm/day for a clayey 

unit.  d = 10 m and z = 20 m.   

 

Required: 

Calculate the individual contributions of each part of the full fluid potential.  Please provide the 

potential energy, elastic energy, and kinetic energy contributions and compare the relative size 

of each contribution and explain which part, if any, you could safely assume to be negligible.  Do 

this calculation for both a clay unit and a sandy unit and decide if your previous answer has 

changed at all. 

 
Figure 2 – Diagram showing a water parcel for problem 2. 

3. Water budgets (15 pts) 

Background: A groundwater basin has a surface area of 125 km2. The following long-term annual 

averages have been measured: 

Precipitation: 60.6 cm 

Evapotranspiration: 46.3 cm 

Overland flow: 3.4 cm 

Baseflow: 10.6 cm 

 

      

Figure 3 – Schematic basin diagram. 

There is no streamflow into the basin and no groundwater flow either into or out of the basin.   



Required: 

(a) Prepare an annual water budget for the basin as a whole, listing inputs in one column and 
outputs in another. Make sure that the two columns balance as these are long-term values and 
we assume no change in the volume of water stored in the basin. 

(b) Prepare an annual water budget for the streams. 
(c) Prepare an annual water budget for the groundwater basin. 
(d) What is the annual runoff from the basin expressed in centimeters? 
(e) What is the annual runoff from the basin expressed as an average rate in cubic meters per 

second? 
(f) Assume a large pumping well is recently installed at the location indicated on the diagram.  

Qualitatively explain what impacts this might have on the watershed budget and where this 
water would come from.   

 

Source: Fetter, 2001, Ch. 1, problem 8 

4. State Darcy’s Law in qualitative, non-symbolic terms. (10 pts.) 

 
 


