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EJM – 102



*EJM102*



I Semester M.E. (Civil) Degree Examination, March 2013 Water Resource Engineering 2K8 WR102 : SURFACE WATER HYDROLOGY Time : 3 Hours



Max. Marks : 100



Instructions : 1) Answer any five full questions. 2) Assume any missing data suitably. 1. a) Explain the terms : i) vapour pressure, ii) water vapour in atmospheric column and iii) precipitable water.
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b) Calculate the precipitable water in a saturated air column 10 cm high (increment in elevation is 2 km), above one square meter of ground surface. The surface pressure is 101.3kPa; the air surface temperature is 30°C/km. 12 2. a) For a sandy loam soil of unit horizontal cross sectional area, initial moisture content θ , cumulative depth of water unfiltered F(t), hydraulic conductivity K and wetting front ψ , show that the Green-Ampt equation for the infiltration ⎛ ψΔθ ⎞ rate f(t) is f( t ) = K ⎜⎜ + 1⎟⎟ . 10 ⎝ F(t ) ⎠ b) Using Green Ampt theory compute the infiltration rate f and cumulative infiltration F after one hour of infiltration into a silt loam soil that initially had an effective saturation of 30 percent. Assume water is ponded to a small but negligible depth on the surface. Also compute the ponding time and the depth of water infiltrated subject to rainfall intensities of 1 cm/h and 5 cm/h. 10



3. a) Describe briefly impulse and step response function of hydrologic linear system model and show that the impulse response function u(t) of a linear system with water storage S, inflow I, Outflow Q and storage constant 1



1 −K e . 10 K b) Derive the equation for ordinates u(t) of instantaneous unit hygrograph.



K(S = K Q) is u( t ) =



1 −t / K ⎛ t ⎞ u( t ) = e ⎜ ⎟ K Γn ⎝K ⎠



n−1



.



Using above relation, compute the ordinates of 2 h unit hygrograph at 2 h interval for a drainage basin of area 200 km2 having parameters n = 3 and k = 5 h in the above equation. 10 P.T.O.
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4. a) Explain the generation of synthetic sequences of annual discharge volumes using i) Autoregressive Integrated Moving Average (ARIMA) model and ii) The Thomas-Fiering model. 10 b) Mean monthly flows, standard deviations of monthly flows and correlations of each months flow with that of the preceding month, at a gauging station are given below. Generate a synthetic flow sequence using the Thomas-Fiering model. 10 Months



Jan



Feb



Mar



Apr



May



Flow (106m3)



15.70



13.62



26.21



22.25



23.03



SD



4.14



4.15



24.32



11.52



Correlation



0.637



0.864



0.302



0.854



Jun



Jul



Aug



Sep



Oct



Nov



Dec



37.54 206.09 619.60 371.62



92.45



20.84



18.01



10.09



23.94



57.71



118.56 192.37



69.33



5.34



5.08



0.460



−0.01



0.316



0.486



0.258



0.628



0.716



0.449



5. a) Describe the procedure of derivation of an urban storm using Chicago storm method. b) Annual maximum values of 10 minutes duration rainfall are presented below. Develop a model for storm rainfall frequency analysis using the extreme value type I distribution and calculate the maximum 10 minutes rainfall with a return period of 5, 10 and 50 years. Year



0



1



2



1978



3



4



5



6



7



8



9



0.49



0.66



0.36



0.58



0.41



0.47



0.74



1988



0.53



0.76



0.57



0.80



0.66



0.68



0.68



0.61



0.88



0.49



1998



0.33



0.96



0.94



0.80



0.62



0.71



1.11



0.64



0.52



0.64



2008



0.34



0.70



0.57



0.92



0.66



0.65



0.63



0.60
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6. a) Describe kinematic flood routing and explain the methodology of evaluation of its weighting coefficients. 10 b) Bangalore city’s estimated water demand is three units, with a standard deviation of one unit. Calculate : i) the risk of demand exceeding supply if the city’s water supply system has an estimated capacity of 5 units; ii) the risk of failure if the estimate of the capacity has a standard error of 0.75 units. Assume that loading and capacity are both normally distributed. 10
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7. a) Explain synthetic unit hydrography.
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b) The following are the ordinates of the 9 hrs. unit hygrograph for the entire catchment of a river up to a dam site. Time (hrs.)



0



9



18



27



Discharge (cumecs)



0



69 1000 210



36



45



54 63 72



81



90



118



74



46 26 13



4



0



The catchment characteristics are as follows : Area of the catchment, A = 4480 km2, Length of the longest water course, L = 318 km, Length along the main stream Lc = 198 km Derive a 3hrs. unit hydrograph for the catchment area of the river up to the head of reservoir, given the catchment characteristics as : Area of the catchment, A = 3780 km2, Length of the longest water course, Ll = 284 km, Length along the main stream Lca = 184 km Use Synder’s approach with necessary modifications for the shape of the hydrograph. 8. a) What is a hydrological drought ? What are its components and describe briefly a marked Poisson cluster drought model ?
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b) The annual rainfall and runoff of a watershed, both expressed in centimeters for a period of 17 years are given below. Do you suspect any dependence between rainfall and runoff ? If so, obtain the regression line to predict the annual runoff from annual rainfall. What is the standard error of estimate for the regression line ? R a in f a ll cm R u n o ff cm R a in f a ll R u n o ff c m



11 3



1 28



12 7



1 04



10 8



1 15



16 7



15 4



99



74



1 04



96



61



59



82



10 9



10 2



57



11 9



1 52



13 7



1 65



15 1



1 60



13 0



14 9



78



1 09



96



1 24



10 3



1 34



87



10 6



————————
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10. b) Mean monthly flows, standard deviations of monthly flows and correlations. of each months flow with that of the preceding month, at a gauging station are. 
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