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Instructions: Answer all the questions. Make reasonable assumptions wherever needed. 
Answer different parts of a question at one place. 

1. (a) What are the pros and cons of modeling? Considering the benefits of modeling in the field of water 
resources engineering, list major applications of models in hydrological sciences. (2+ 1.5) 

(b) In view ofthe well-known statement 'there is more misuse ofmodeling than its use', briefly describe 
the factors which can enhance confidence in modeling endeavors. (1.5) 

2. (a) Explain the concept of REV. What is its impottance in the field of hydrogeology? (2+1) 

(b) Following the control volume approach, derive the integral equation of continuity for constant density 
unsteady flow. (3) 

3. What are the characteristic features of 'water balance technique'? If the goal of your research is to analyze 
groundwater-surface water interaction using water-balance modeling in a river basin underlain by an 
unconfined aquifer system, write the desired water balance equation for modeling and properly describe 
the terms appearing in the equation. Assume that the catchment boundaries don't coincide with the 
unconfined-aquifer boundaries. (2+ 2) 

4. Write the mathematical expressions for the following and describe the variables/parameters appearing in 
each case: (5) 

(i) Three-dimensional form of the Darcy-Buckingham equation. 

(ii) Continuity equation for 3-D flow in the unsaturated porous media. 

(iii) Capacitance form of the 1-D Richards equation. 

(iv) Effective saturation. 

(v) Three dimensional unsteady flow in a heterogeneous and anisotropic vadose-zone system. 

5. Briefly describe the following such that main points are highlighted: 

(a) Chemflow 

(b) FEMW A TER 

(c) Empirical models 

(d) Physical models 

(1.5+1.5+1+1) 

P.T.O. 



6. State whether the following statements are 'True' or 'False' (Marks will be deducted for every wrong 
answer): (5) 

(i) Open systems cannot attain a dynamic or static equilibrium. 

(ii) According to the cause-and-effect relation criterion, systems are classified as 'deterministic 
systems' and 'stochastic systems'. 

(iii) Extensive properties are scalar quantities, while intensive properties are vector quantities. 

(iv) Natural systems are essentially nonlinear and distributed. 

(v) The parameters of the Green-Ampt model can be determined by physical measurements in the soil. 

(vi) Flow and transport processes in the saturated zone are more complex than in the vadose zone. 

(vii) Soil moisture content is not a unique function of soil suction (capillary pressure). 

(viii) One-dimensional vertical form of the Richards equation is used to derive physically based 
infiltration equations. 

(ix) Control· surface can never coincide with the physical boundaries of a system. 

(x) Temporal and spatial adaptive approaches for solving the Richards equation are restricted to the 
hydraulic condition of the unsaturated zone wherein soil moisture content is low. 

*** 




