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JE – 945



*JE945*



First Semester M.E. (Civil) (Water Resource Engineering) Degree Examination, July/August 2013 2K8WR102 : SURFACE WATER HYDROLOGY Time : 3 Hours



Max. Marks : 100



Instructions : 1) Answer any five full questions. 2) Assume any missing data suitably. 1. a) If a spherical raindrop of diameter D, density ρ w, and drag coefficient Cd, is released from rest in an atmosphere of density ρ a, specific humidity qv. Show that the terminal velocity Vt and the precipitation of intensity i is given by ⎡ 4gD ⎛ ρ w ⎞⎤ ⎜⎜ Vt = ⎢ − 1⎟⎟⎥ ⎠⎦ ⎣ 3Cd ⎝ ρ a



1 2



and i =



4ρ a V Δz ⎛ q v1 − q v 2 ⎞ ⎜ ⎟. ρ w D ⎜⎝ 1 − q v 2 ⎟⎠



10



b) A thunderstorm cell 5 km in diameter has a cloud base of 1.5 km and surface conditions recorded nearby indicate saturated air conditions with air temperature 30°C, pressure 101.3 kPa and wind speed 1 m/s. Assuming a lapse rate of 7.5°C / km and an average elevation of 10 km, calculate the precipitation intensity from this storm. Also determine the rate of release of latent heat through moisture condensation in the column and portion of the incoming moisture precipitated as air passes through the storm cell.
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2. a) Differentiate between infiltration capacity and infiltration rate. Derive the mathematical form by which, the infiltration capacity curve is represented.



10



b) A storm commenced at 10.00 hrs. The ordinates of the rainfall mass curve of this storm in mm as recorded by a recording rain gauge at 30 minutes intervals are 0, 6, 11, 16, 24, 29, 38, 51, 57, 61, 66, 67 and 67. Fit an appropriate regression equation for the intensity duration curve obtained above. Assume the best value of time constant ‘a’ = 10.



10 P.T.O.
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3. a) Describe briefly pulse response function of a hydrologic linear system model and show that the pulse response function h(t) of a linear system with water storage S, inflow I, outflow Q and storage constant K (S = K Q) is −



h(t) =



e Δ



t k



⎛ − Δkt ⎞ ⎜ e − 1⎟ . ⎟ t ⎜⎝ ⎠
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b) The effective rainfall has intensities of 2.56, 2.52, 2.53 and 2.55 cm/hr in four successive periods of one hour each. The runoff ordinates measured at one hour intervals are 2.83, 14.15, 40.50, 52.60, 45.80, 34.50, 24.90, 19.20, 14.70, 10.20, 6.80, 3.96, 2.26 and 0.90 m3/s. Determine the values of Nash’s model parameters n and K. 10 4. a) Explain the generation of synthetic sequences of annual discharge volumes using : i) Autoregressive model and ii) Fractional Gaussian noise models.



12



b) The mean annual flows in cumec for a large river are as below : 39793 42892 69040 43653 56700 45990 28758 32889 48926 52024 56265 49034 43653 36803 52242 54797 77575 83120 69366 76161 72899 71269 61538 62571 57461 51590 50883 45229 51970 48002 41370 43707 35064 41968 35118 43598 44413 58983 48871 53275 75291 57624 69583 73497 72464



48491 59309 60885 54145 48002



Fit in first order and second order autoregression curve.
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5. a) Describe the method of urban storm estimation using : • Huff storm method, and • SWMM runoff algorithm.
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b) Route the flood hydrograph given below, through a channel reach and derive the outflow hydrograph Time hours



0



4



8



12



16



20



24



28



32



36



40



44



48



52



56



Q m3/s



42



68



116



164



194



200



192



170



150



128



106



88



74



62



54



The values of Muskingum parameters for the reach may be taken as 12 h and 0.278 respectively.
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6. a) Explain the first order analysis of uncertainty of Manning’s equation by considering i) Depth of flow as the dependent variable ii) Discharge as the dependent variable.
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b) From the topographical map of a drainage basin the following quantities are measured : Area A = 3480 km2, Main stream length Main stream length from basin outlet



L = Lc =



148 km, 74 km.



The 12 hour unit hydrograph derived for this basin has a peak ordinate of 155 m3/s occurring at 40 h. Determine the coefficients for the synthetic unit hydrograph of the basin. Another basin having a drainage area of 2500 km2 with L = 100 km and Lc = 50 km is a sub basin of the above catchment. Compute a 4 h synthetic unit hydrograph for this sub basin. 10 7. a) Perform a first order analysis of uncertainty for the Darcy Weisbach equation for full pipe flow using the following equation : 1



π ⎛ 2 g S ⎞ 2 52 Q= ⎜ ⎟ D 4⎝ f ⎠



Consider slope S, frictional factor f and depth of flow D to be variables.
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b) Analysis of rainfall and runoff records for a certain storm over a basin of area 3210 km2 gave the following data : Rainfall for successive 2hr periods :



2.5, 6.5 and 4.5 cm/hr



An average loss of 1.5 cm/hr can be assumed. Direct surface discharge at the concentration point for successive 2hr periods : 446, 4015, 1382, 25000, 20520, 10260, 4900 and 1338 cumecs. Derive the unit hydrograph in the form of distribution percentages on the basis of 2hr unit periods. 10
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8. a) Prove that the travel time T of a kinematic wave in a wide rectangular channel of width B, length L, slope S, and Manning roughness n carrying a flow of Q is given approximately by : 3



2 5 −2 3 ⎛⎜ nB 3 ⎞⎟ 5 T= Q 1 L. 5 ⎜⎜ 1. 49 S 2 ⎟⎟ ⎝ ⎠
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b) The yearly fluctuations in the groundwater table are believed to depend on the annual rainfall and the volume of water pumped out from the basin. The data collected on these variables for a period of 10 years is given below. Establish the multiple linear regression equation among the variables : 10



Water table fluctuations (cm)



26.9



− 35.8



1.6



−15.4



31.0



38.8



− 0.4



− 27.1



0.7



− 4.9



Annual rainfall (cm)



70.7



42.7



51.3



58.0



45.3



74.7



62.7



46.7



79.3



34.0



GW volume pumped out (cm)



4.1



5.2



4.4



5.6



3.9



4.3



5.9



5.2



4.4



6.4



———————
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