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1. Measurement of soil hydraulic properties in a soil showed that water capacity [C(h)] and unsaturated 
hydraulic conductivity [K(h)] changed linearly with matric potential head (h) as long as soil wetness 
remained between wilting point and field capacity. Both C(h) and K(h) function had zero intercepts 
when plotted as functions ofh and the slope of the K vs. h plot was 5 times larger than that of the C vs. 
h plot. Show that the water flow problem for this wetness range may be represented with a linear partial 
differential equation. Assume that the conductivity has a unit of em/day. 

(5) 
2. A horizontal infiltration experiment was started using the soil conditions stated in Problem 1 above 

starting with a completely dry soil condition. Assuming that this soil has a porosity 0.5, estimate the 
water content at a distance of 20 em from the source of infiltrating water after 20 days of infiltration. 
Use the following solution of the water flow problem: 

B-Bi ( x ) ---ere--
Bs- Bi- :fi 2.JDi 

where e. is the saturated volumetric water content, ei is the initial water content before infiltration, x is 
the distance from the source of the infiltrating water, t is the time in days and D is the soil water 
diffusivity. Use the selected values of the erfc function given below: 

y 2 1.5 1 0.5 

erfc(y) 0.004678 0.033895 0.157299 0.4795 

(5) 
3. Differentiate between molecular diffusion and hydrodynamic dispersion. What are the two main causes 

of hydrodynamic dispersion in a porous medium? How does intrinsic permeability contribute to 
hydrodynamic dispersion? Show the diffusion equation at steady state. 

(10) 
4. A rectangular land fill was designed with its two side walls and the bottom made from 20 em thick 

moist clay in such a way that the saturated hydraulic conductivity of the side walls is 1.0 em/day and 
that ofthe bottom is 0.001 em/day. Measurement of wetness in the side walls show that 170 g of moist 
clay can exactly fill a stainless steel cylindrical core of 100 cm3 volume. This clay sample weighs 
(without the core) 186 g when fully saturated and 140 g when dried in an oven at 105 °C for 24 hours. 
Measurement of water retention characteristics in this core showed that the water capacity function for 
the clay may be described by 

C(h) = _ 2Bs [!!_]-(A+!) 
hb ~ 

where h is the matric potential head (em of water), hb == - 20 em of water, e. is the saturated volumetric 
water content, and A.== 2.5. Note that this soil gets saturated when the matric potential head reaches a 
value of h == hb. Analysis of rainfall in the area suggest that maximum of 10 em of water may get ponded 
above the bottom clay liner of the land fill. Assuming that there is no vertical loss of water through the 
bottom of the land fill, estimate how long would it take for the 10 em of water to completely seep 
through a sidewall of the land fill. Assume no other processes except for Green and Ampt infiltration 
occurs in this system. Also, estimate the bulk density and porosity of the clayey side walls. 

(10) 
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