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1. Describe how Darcy's equation for saturated flow can be modified into an equation for 
unsaturated flow at steady state. Show the equations separately for horizontal and vertical 
directions. Define each quantities used in both these equations. Explain how the quantities 
used in these equations describe water flow through a porous medium such as soil. 

(4) 

2. Soil sample taken from a bunded rice field shows that 170 g of moist soil exactly fits into a 
stainless steel cylindrical core of volume 100 cm3

. This soil sample weighs (without the core) 
186 g when fully saturated and 140 g when dried in an oven at 105 °C for 24 hours. 
Estimate the wetness of this soil during sampling and upon fully saturated both on mass and 
volume basis. Assume that the density of water is 1 g/cm3

. Estimate the bulk and particle 
density for this soil. 

(5) 

3. The rice field described in Problem 2 above showed no downward water movement. 
However, water could horizontally seep through the bunds. Measurement of water retention 
characteristics through the bund soil yields the following relationship: 

8 = Ss {ht/h)2 

where e is the volumetric water content at a given matric potential head (h), Ss is the 
volumetric water content at saturation. Note that this soil gets saturated when the matric 
potential head reaches a value of h = hb =- 20 em. If the saturated hydraulic conductivity of 
the bund soil is 10 em/day, how long 10 em of standing water in this rice field will take to 
completely seep through this bund. Assume no other processes except for Green and Ampt 
infiltration occurs in this field. 

(5) 

4. Show how water capacity function may be related to a) the water retention characteristics of 
soil, b) the pore size distribution of a soil, c) to the soil water diffusivity. Estimate the water 
capacity of the soil stated in the Problems 2 and 3 mentioned above at field wetness 
(wetness corresponding to the moist weight of 170 g in Problem 2) 

(4) 

5. What are two major boundary conditions used in water flow problems. Give an example of 
how a physical condition in the field you can expressed in terms of one of these boundary 
conditions. 

(2) 

6. Explain the Evapo-Transpiration loss of water calculation in field crops using a 'Lysimeter' or 
a 'Field experimental plot' method. 

(3) 
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7. A wheat crop was irrigated at jointing stage and the root zone soil moisture reached field 
capacity at 2 days after the irrigation. The next irrigation was applied with a gap of 25 days 
that coincided with heading stage of the crop. The crop received effective rainfall amount 5.0 
mm during the two successive irrigations. The average daily evaporation loss of water from 
open pan evaporimeter was 7 mm at the location. Calculate the average daily Evapo-

. Transpiration loss of water by the crop during the growth stage 'jointing to heading', using 
the information given in the Table below: 

Table: Soil properties in the crop root zone depth 

·Root zone depth, Bulk density, 
~ ~~ 

0-20 16 1.58 
20-40 18 1.65 
40-60 18 1.65 

(5) 

8. Explain the Blaney-Criddle method of determining. crop Potential Evapo-Transpiration and 
its limitations. 

(2)' 

Q oj 2. 




