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. a)

b)

The catchment area of a basin is approximated as a semicircle of radius ‘r” km with

respect to the coordinate axis set up with its origin at the centre of circle and the

x-axis coincident with the diameter. The area lies in the first and second quadrants

and the position coordinates of the rain gauge stations are (0,0),
r

(%g) and ("E'E) fkm. Show that the Thiessen Weights are given by 95,

(U.S, E«?) and (0.5, — %E).

Route the flood hydrograph through a river reach for which Muskingum coefficient
K=8hand X =0.25. _

Time (hr) 016 [12]18]24]30[36|42
Inflow (m*/s) | 7113 ]30[35]28 (21149

The infiltration rates observed during a test on a double ring infiltrometer are as given
below. Determine the constant f, /. and X of the Horton’s equation which fits the
above data.

T(hrs) {0.04]0.13}{033/0.75|1.50]2.503.50|4.50 | 5.50

f{ecm/hr) | 0.78 | 0.75 1 0.66 | 0.54 | 0.37 | 0.26 | 0.22 | 0.22 | 0.21

b) Briefly describe the methodology of estimating evapotranspiration using Penman’s

a)
b)

b)

equation and Lysimeter method.
Describe briefly backwater effects and unsteady flow effect on a rating curve.

With the following data, compute the discharge for a river. Calibrated values of
constants for current meter: a=0.51 and b=0.03.

Distance from Jeft bank (m) [0]1_ |3 |5 17 19 |11 |12
Depth (m) -1 12 |2512 fisi1 |-

Revolution at 0.6d - 140 160 1110190 |50 |30 |-
Time (sec) - 1100 | 100 | 150 } 150 | 100 | 100 | -

Differentiate between baseflow and direct runoff. What are limitations of unit
hydrograph?

The ordinates of a 3 hr unit hydrograph of a catchment is given below

[10]

(6]

[10]

[3+3]

(3]

(1]

[342]

T (hr) 013 |6 |9 |12 |15 |18 |21 |24 [27]30]33]|36

42

3 hr UH 0]25]50 85| 125160 | 185160 | 110 |60 |36 2516

ordinates (m’/s)




b)

Derive the flood hydrograph in the catchment due to the storm given below.
Time from start of storm (hr) {0 {316 |9
Accumulated rainfall (em) [0[4]12] 17

The storm loss rate ®-index for catchment is estimated as 0.25 cm/hr. The baseflow

can be 15 m’/s at the beginning and increases by 2.0 m’/s for every 12 hours till the
end of the direct-runoff hydrograph.

For the river estimate the peak flood for 500 years return penod if the 100 years and
50 years return period flood was 1020 m */s and 850 m’/s respectivally using
Gumble’s method having large sample data.

A catchment of 85 ha has slope of 0.006 and the maximum length of water travel
950m, if the maximum depth of rainfall with 25 year return period has following data.
Calculate the peak flow for 25 years return period using rational method taking runoff
coefficient of 0.3.

Duration (minute) 5 ]10]20]30
Depth of rainfall (mm) | 17 | 26 | 40 | 50

¢) An anaiysm of an annual flood series covering the period 1920 to 2020 (100 )]!ears') on

a certain river shows that the 100-year flood has a magnitude of 640,000 m /s and 2
years has magnitude of 225,000 m’/s. Assume the ;mnuai flood fits with the Gumbel
distribution. What is the probability of having 575,000 m 3/s flood or a greater flood in
coming 25 years?

* ek

{11]

(6]

[6]

(4]
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. a)

b)

Explain briefly humankind’s interference in various parts of hydrological cycle.

What are the causes of inconsistencies in the rainfall data at a station? How do you
find whether the rainfall data is consistent or inconsistent using double mass curve
analysis?

Explain the procedure of deriving Clark UH.

An isolated storm in a catchment produced a runoff of 3.5cm. The mass curve of the

average rainfall depth over the catchment was as below. Calculate the ¢-index for the
storm.

Time from beginning of storm (hr) [0]1 |2 13 14 15 [6
Accumulated average rainfall (cm) | 0 | 0.5 | 1.65 | 3.55 5.65 6.8 775

b) Derive an expression for estimation of evaporation in a lake by the energy balance

¢)

. a)

b)

b)

b)

method.

Justify the statement “Hydrological losses are not actual losses”. Briefly describe
factors influencing evaporation.

During a flood flow, the depth of water in a 10 m wide rectangular channel was found
to be 3.0 m and 2.7 m at two sections 200 m apart. The drop in the water surface
elevation was found to be 0.12 m. Assuming Manning’s coefficient to be 0.025,
estimate the flood discharge through the channel. Assume no eddy loss. For the
application of the hydraulic formulae for stream flow computation, what are the
parameters that need to be measured in the channel?

List out the steps how to develop rating curve of hydrological station.
What is unit hydrograph (UH)? How do you prepare UH for multiple storm?

Calculate the flood discharge from the outlet of the catchment if the total rainfall of
5.2 cm occurred at an interval of 6 hours using following 2 UH. Assume Base Flow =
15 cumes and infiltration index of 0.2 cm/hr.

Time (hr) 01214168 (10]12] 14 16| 1820 | 22
] ' |
2hr-UH(cumes) | 0 /30 | 55 190 | 130 | 170 | 180 | 110 | 60 | 35| 20 | 0

If the annual flood series data for a catchment is available for N consecutive years,
explain a procedure to determine a flood discharge with a return period of T, (where
T>N), by using log-normal distribution.

Analysis of the annual flood peak of river of 21 years yielded a mean of 8520m>/s and
standard deviation of 3900 m’/s. A proposed water control project on this river is to
have an expected life of 40 years. The acceptable reliability by the design policy is
85%. Gumbel’s Method recommend the flood discharge for this project. Take Vo=
0.5252 and 8,=1.0696 for 21 years.

[3]

[3+3]
[6]

[6]

[5]

[2+3]

[3+8]

[4]
[2+4]

[12]

[6]

(6]

Define the terms return period, frequency and risk. [1+1+2]

& %
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Define hydrology. Why hydrology is considered important in case of water resources
engineering?

. a)

b)

b)

b)

Explain different methods of determining the average rainfall over an area due to a
storm. Discuss the relative merits and demerits of various methods.

An isohyet drawn in the catchment of Bagmati river basin with catchment area of 442
sq. km has following data. Calculate the average rainfall for the basin.
SN | Range of isohyet (cm) | Area enclosed by isohyet (Sq. km)
1 17-13 125
2 13-9 _ 117
3 9-5 ' 108
4 5-1 92

Briefly describe the types of evaporimeters with neat sketches.

Calculate the potential evapotranspiration for an area over Dang in the month of May
by Penman’s method using following data: Latitude = 26°N; Mean temperature =
10°C; Mean relative humidity = 65%: Mean monthly solar radiation at the top of
atmosphere = 15.88 mm of evaporable water/day; Wind velocity at 2m height = §
km/day; Psychrometric constant = 0.49 mm/C ;Mean sunshine hour = 10.1hr;
Potential sunshine hours = 13.5hr: Reflection coefficient = 0.25; Slope of saturated
vapor pressure at 10°C = 1.24 mm of Hg,

Define stream gauging. What factor should be considered in selecting a site for a
stream gauging station?

Discharge measured at Nakhu Khola using current meter has following data.
Calculate the total discharge of river,
Distance from left bank (m) | Depth (m) | Velocity (m/s)
At 0.2d | At0.8d
0 - % -
1.5 1.3 0.6 0.4
3.0 20 0.9 0.6
5.0 1.7 0.7 0.5
6.0 1.0 0.6 0.4
f 0.4 0.4 0.3
9.0 - - -

[143]
[2+4]

(4]

(6]

(8]
[242)

[6]



.

5. a) Point out the applications and limitations of hydrograph theory, [3+3]
b) A 2-hr unit hydrograph is shown in the figure below: [2+3+116]
(i) Determine the catchment area of the basin.
(i) Determine the resulting flood hydrograph for a net rainfall of 1.5 cm/hr for the
duration of 2 hr if the constant base flow is 2cumecs.
(iii) What will be the time of concentration for the basin?
(iv) Two different storms, with rainfall of 0.47 cm/hr and 0.64 cm/hr occur for 1 hour.

If the ¢ = 0.12 cm/hr for the basin, what will be the peak discharge for the
* resulting flood hydrograph?

14
12
10

Q(cumecs)

Time (hr)

6. a) What are the different methods of flood prediction? ' [4]

b) Using 30 years data and Gumbel’s method, the flood magnitude for return period of
100 and 50 years for a river are found to be 1200 and 1060 m®/s respectively. [4+242]
(i) Determine the mean and standard deviation of the data used. Take values of reduced
mean and reduced standard deviation in Gumbel’s extreme value distribution for
n=30as 0.5362 and 1.1124.

(i) Estimate the magnitude of the flood with a return period of 500 years.
(iii)What are the 95% confidence limits for this estimate if f (95%) = 1.96.

7. a) Whatis flood routing? Explain about Clark [UH method of flood routing. [4]

b) The storage in the reach of a stream has been studied. The values of x and k in
Muskingum equation have been identified as 0.28 and 38.4 hr. If the inflow

hydrograph to reach is as given below, compute the outflow hydrograph. Assume the
outflow from the reach at t = 0 is 35m’s. (8]

Time (hr) 0 16 |12|18 |24 |30
Inflow (m®/s) | 35 | 55 92 | 130 [ 160 | 140

i L L
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. Define hydrological cycle. Draw a net sketch of hydrological cycle illustrating its

components. [1+3]
a) Differentiate Arithmetic Mean, Thiessen Polygon and Isohyetal Methods. [5]

b) The mass curve of the rainfall of 100 min duration is given below. if the catchment
had an initial loss of 0.6cm and @-index of 0.6cm/hr, calculate the total surface runoff

from the catchmen. [6]
[ Time from start of rainfall (min) | 0 [ 20 [40 | 60 | 80 | 100
Cumulative rainfall {cm) _10105112126]3335

a) Differentiate AET and PET. Explain the method of measurement of
evapotranspiration in field with sketch. [242]

b) Describe types of infiltrometers with sketch. How the data of infiltrometer are used to
derive the Horton’s constant? Explain with assumed data. [3+5]

a) What is rating curve? Explain with sketch how would you determine stage for zero
discharge. [2+6]
b) The data pertaining to a storm gauging operation at a gauging site are given below.
The rating equation of the current meter is v = (0.32N+0.032) m/s where N is

revolution per second, Calculate the discharge in the stream. (8]

Distance from right bank (m) | Depth (m) | Revolution of CM at 0.6d Time () |
O ——— 0 O S 0 —f
2 05 | 80 180 |
4 1.1 83 120 |
6 1.95 131 120
9 2.25 139 120
12 1.85 212 120
15 1.75 114 120
18 1.65 109 120
20 1.5 _ 92 120
22 1.25 85 120
23 0.75 70 150
2 0 0 0




b)

b)

b)

What is unit hydrograph? How do you prepare the unit hydrograph for mulitiple storm
of same duration?

The ordinates of 6 h-UH of a basin are given as under. Derive the storm hydrograph
due to a 3hr storm with a total rainfall of 4cm, ¢-index of 0.5cm/hr and base flow of
2m’/s.

Time(hr) |[0[6]12]18]24[30[3642 |48
Ordinate m’/s 14|28]16]10/ 6 |4 ] 0

<
oo

What return period will you adopt in the design of a bridge on a river if you are
allowed to accept only 5% risk of flooding in the 25 years of expected life of the
bridge?

30 years flood data of Kamalamai River has been used for frequency analysis and
after fitting the Gumbel distribution the 100-year and 50-year floods are predicted
equal to 1200 m/s and 1060 m’/s respectively. Calculate the magnitude of flood for
500 years return period if reduced mean and reduced standard deviation in Gumbel’s
distribution for available data series are 0.5362 and 1.1124 respectively. Also
Calculate 80% confidence limitsof 500-year flood if f(c) for 80% is 1.28.

Explain the concept of attenuation and lag of peak due to routing with sketch.

Route the flood hydrograph through a river reach for which Muskingum coefficient
K= 8 h and X=0.25. Initial outflow discharge from the reach is 8.0 m*/s,

Time (hour) | 0] 6 [12]18[24[30[36]42]
Inflow (m’/s) | 8 | 16 130 130(25]20[15] 10

LE 24

[2+4]

9

141

i8]
(2]

(8]
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Describe Hydrological cycle. Discuss about the uses of Engineering Hydrology. [2+2]

2. a) What are the different method for the presentation of rainfall data? Explain any two

methods. (4]

b) Following are the data of a storm as recorded in a tipping bucket located at Lumie
(Lat: 28.3°, Long: 83.8°) for 1.5 hours: [4+6]

Time from beginning of | 10 {20 [30 |40 [50 |60 |70 |80 {90
storm (minute) .-.

Cumulative rainfall(mm) | 1.6 | 6.6 { 13.8 | 20.2 | 24.2 | 38.4 | 46.8 { 49.4 | 50.8

ii) Plot the hyetograph of the storm.
(ii) Plot the maximum intensity duration curve of the storm.
a) Describe Penman’s methods to estimate daily PET. 5]

b) Ina 120 minute storm the rates of rainfall observed in successive 20 minute interval
are 5.8,15,12,9 and 2 mm/hr, Assuming the ¢-index value as 2.5 mm/hr and an initial
loss of 0.5mm, determine the total rainfall, net runoff and w-index of the storm. [1+2+5]

a) Find the drainage density, average length of overland flow, form factor and channel
slope for a basin with the following data: Area of Basin (A) = 140 sq. km, Distance
between the outlet to the farthest point (L) = 21km, elevation difference between the
outlet and the farthest point (h) = 1090m and total length of the channels of all order

(Ls)=65% km. [4]
b) Define Rating Curve and explain the use of Rating Curve. (3]
¢) Following data is the discharge measurement of Jhiku khola using stream gauging,
compute the discharge of Jhiku khola. (8]
Distance from left bank (m) | Depth (m) | Velocity (m/s)
At0.2d | At0.8d
0 PR . -
1.5 1.1 0.7 0.42
3.0 2.7 085 | 0.63
5.0 1.9 0.75 0.54
7.5 0.9 0.65 0.46
10.0 0.5 0.45 035
12.5 - - -




5. The ordinate of 4-Hr UH are given: [14]

Time(hr) 0] 2 | 4 6 8 110 )12 [14[16[18|20|22 |24

Ordinate of | 0 | 30 | 100 | 150 | 200 | 160 | 120 | 80 { 40 |30 | 20| 6 | o
UH (m’s) I

A catchment has rainfall of 3.2, 3.0 and 5.0 cm in three consecutive two hours period.

Assuming an average ¢ index of 1.25 cm/hr. and base flow of river is 40m’/s, determine
the flood hydrograph of the catchment.

6. a) Prove that for a large sample as per Gumbel’s distribution, the mean annual flood will
have a return period of 2.33 years. [4]

b) From the analysis of available data on annual flood peaks of a small stream for a
period of 35 years, 50 years and 100 years flood have been estimated to be
660 m*/s and 740m’/s. Using Gumbel’s method, estimate the 200 years flood for the

stream. (Take Y, = 0.54034 and S, = 1.12843 for n=35 years) [8]
7. A drainage basin has the following characteristics [8]
Area = 180 kin®

Storage constant = 10hrs
Time of concentration = 8 hours

The inter isochrones area distribution are as follows

Travel time (hr) 0-1]11-2(2-3|3-4|4-5|5-6}6-7]|7-8

Inter isochrones area (km®) | 14 | 38 | 28 | 36 | 30 | 20 10 | 6
Determine the instantaneous unit hydrograph (IUH) for this catchment.

ko
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. Explain water balance equation through hydrological cycle. [4]

a) Describe the procedure of estimation of mean rainfall over an area using Thiessen
Mean Method. 14]

b) Annual Precipitation of station X and average of the 15 surrounding stations are listed
below. Examine the consistency of the station X. In which year, the change in regime
observed? Make adjustments in the rainfall data wherever applicable. (8]

Year 2022 | 2021 { 2020 | 2019 | 2018 | 2017 | 2016 | 2015 | 2014 | 2013

Rainfall at station | 173 [ 290 |225 |246 |260 |493 |320 |305 |340 |437
X (mm) )

Average Rainfall | 234 | 333 | 236 |251 |284 [36]1 282 |240 |265 |[302
at  surrounding
stations (mm)

a) HO\:?‘the infiltration of soil can be measured by laboratory method? Elaborate

Horton’s equation with neat sketch. [4+3]
b) The mass curve of an jsolated storm in a 500-ha watershed is as follows: [7]
Time from start (hr) 012 |4 16 |8 |10 |12 |14 |16 |18

Cumulative rainfall (cm) | 0 |08 12.6 |28 |4.1[73]10.8]11.8 124126

If the direct runoff produced by the storm is measured at the outlet of the watershed as
0.340 Mm’, estimate the ¢ - index of the storm and duration of the rainfall excess.

a) Calculate the flow discharge of a river from the following data using area velocity

method using Mid sectional area. (8]
Distance from bank (m) |0 [ 1.5 [3.0 {45 6.0 |75 |90
Depthof flow(m) ~ [0[0.75{2.50]3.50[2.30{0.80|0
Velocity 0.2 depth |- |o065|090]050]- |-
Velocity 0.6 depth 0]035] - - - 0300
Velocity 0.8 depth - |- 0.25]0.40 | 0.20 | - -
b) Establish relationship between rainfall and resulting runoff for a large catchment.
Point out the factor affecting runoff from a basin. [3+3]
a) From the given hydrograph below, answer the questions: [6]

(i) What is the total amount of rainfall and average rainfall intensity?
(ii) What is basin lag time and time of concentration?
(iii) What is the total time base of flow?



b)

b)
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Time (Hrs)

Rainfall [cm/he]

Following are the ordinates of hydrograph from a catchment area of 770 km? due to
6-hr rainfall. Derive the ordinates of flood hydrograph due to 3.3 ¢m and 5.5 cm
effective rainfall of duration 6-hr.

Time (hr) 0 |6 |12 |18 124 {30 |36 [42 (48 |54 |60|66|72
Dir;charge 40 | 65215 | 360 | 400 |{ 350 | 270 | 205 | 145 | 100 | 70 | 50 | 40
(m’/s)

Make suitable assumptions regarding the base flow.

A catchment area has the time of concentration of 20 minutes and an area of 20 ha.
Estimate the peak discharge corresponding to 25 vears return period. Take runoff
coefficient of 0.25. The intensity duration frequency curve for the storm can be

expressed in em/h by:

i =KT"/(D+a)". Take K = 6.93, x = 0.189, a=0.50 and n= 0.878.

A hydraulic structure has been designed for a discharge of 350 m’/s. From the 25
years annual flood series data, the mean and standard deviation are 140 and 65 m’/s
respectively. Calculate the return period for the design flood by using Gumbel’s
method. Take reduced mean variate and reduced standard deviation for this series as
0.5299 and 1.0876 respectively.

Discuss application of probability plots with figure.

The inflow hydrograph readings for a stream reach are given below for which the
Muskingum coefficients of K = 36 hr and x = 0.15. Route the flood through the reach
and determine the outflow hydrograph. Also, determine the reduction in peak and the
time of peak of outflow. Qutflow at the beginning of the flood may be taken as the

same as inflow.

Time (hr)

0

12

24

36

48

60

72

84

96

108

120

| Inflow (cumec)

42

45

88

272

342

288

240

198

162

133

110

%%

[5]

[6]
B3]
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1. As a civil Engineer how do you justify the need and importance of Engineering
Hydrology for the design of Bridge? [4]

2. a) Explain a procedure for checking a rainfall data for consistency. [4]

b) Calculate the maximum intensity of rainfall for lhr, 3 hr and 5 hr with following data. [8]

Tslol 1| 13W4567T8

) !
Duration 718 | 9 |10} 11 ‘ 12 | 2
am\am am | am | am | am | am | m | am | am | am | am | am | am
= ¥ ko ]
_'2Ti__L_8;121? 6|00

|
a) Derive the expression for potential evapotranspiration using Penman’s method. [6]

- !
Reinfall(mm) | 10 | 8 | 6 |12 5 | 0

h

(5]

b) Following data represents the temporal distribution of rainfall in Bagmati Basin for
the duration of 8 hrs. If surface runoff generated by the rainfall is11 .6 cm calculate the
infiltration index. Assume no initial losses. ‘ [6]

[_____D_gration(hr) l 1 12 31415 6 ]]7 S_l
lRainfallperhr(cm)lO.S 1.813]46(3.6 3.212 I}

4. a) Write the equation of rating curve and explain it with figure. How daily discharge

hydrograph is obtained from daily stage hydrograph? [6]
b) Calculate the flood discharge of Marin River at Kusuntar by slope area method using
following data: L (8]
Upstream | Downstream
Flow area 175m? | 224m’
Wetted Perimeter | 75 m 166 m J

Reach Length=120m
Fall in water surface elevation = 1.46 m
Manning’s Coefficient = 0.1

5. a) What is Unit Hydrograph? What are its assumptions and limitations? Describe the
method of base flow separation. [1+3+2]

b) Derive 2-hrs hydrograph from following 4 hrs unit hydrograph using s-curve method:  [8]
Time (hr) 0] 2 4 6 1 8§ | 10 | 12 {14[16]18]20]22 24—!

Ordinates of 4 | 0| 12.5| 625|130 | 175|180 | 140 | 90| 50 125 | 13} 3 | 0
br UH | ;




6. a) The observed annual peak flood for Lothar River from 1989 to 2009 are as follows: [10]

Year 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998

Peak 419 1320 |65 150 | 1170 {392 | 86 74.7 {219 | 142

Discharge(m’/s) L n

Year 1999 [ 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2007 | 2008 | 2009 |
Peak 787 | 245 539 692 | 245 1293 | 585 | 774 | 672 |208

Discharge(m’/s)

Find the flood value with return period of 30 years using Gumbel’s Method. [ Use
Reduced Mean = 0.5236 and Reduced Standard Variation = 1.0628 for sample size of
~20]. What is the return period of peck flood occurred on 19897

b) Describe Rational Method for estimation of flood, its assumpations and Limitations. [5]
7. a) What is flow routing ?Explain its importance. [3]

b} Route the following flood hydrograph at Chovar of Bagmati River using Muskingum
method having coefficient k = 10 hr and x= 0.2. Following is the inflow hydrograph
with outflow of Chovar at the start is 60m’/s. [7]

t(hr) 0] 6 |12 ] 18 124 |30 | 36| 42 |48]|54|60
Inflow(m/s) | 60 | 120 | 480 | 660 | 460 | 260 | 160 | 100 | 90 | 60 | 40

dokk
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a) A catchment has six rain gauge stations. In a year, the annual rainfail in cm recorded
by the gauges are as follows: 240, 252.2, 228.3, 218.6, 275.3, 212.2. For a 10% error
in the estimation of the mean rainfall, calculate the optimum number of stations in the
catchment. (4]

LRNR X

e

Discuss water balance and watet budget analysis i Bydroiogy-

'!\_)

b) Explain briefly the following relationships relating to the precipitation over a basin.
(i) Depth-Area Duration Curves (ii) Intensity-Duration Frequency Relationship. [3+3]

3. a) What are the advantages of double ring infiltrometer over single ring infiltrometer. [4]

b) Determine @-index for a watershed with catchment area of 0.8 km’ if temporal
distribution of rainfall at different time duration are as the following table. Take
surface runoff as 92,800 m’. [6]

[Duration (br) __ i 2345161718
ncremental raiafall (om) | 08 | 18130 46[3:6]32[20[10

4. a) Write about the methods practiced in Nepal for estimating runoff from ungauged
basins. 4]

b) The following daia is ObSCIVEd.ON-A=SHEMD using current meter. The rating equation
of current meter is V = (0.05 + 0.3N) m/s, where N is rev/sec was used to measured

the velocity at 0.6 d depth. Calculate the discharge of the stream. (8]
e T8 16 [ 24 [ 30 [ 36 [ 42 [ 50 [ 5866
Depth (m) 05 | 1.0 l 16 l 2.0 \ 20 [ 18] 12 [ 0600 |
No.ofrev. _ _23__4&..__3.3__4_32 28 |24 [14 |-
Time (e Tag 5y [ 54 |58 [s8 [ 53 [50 [ 45 [-

5. a) The ordinates of 6-h UH of a basin are given as under.

Feh 016 2] 2A 30 36914 ]
g@;&;ﬁﬂgﬂ_@ i?j_% 1 LLH_&_}__Q 1310

Derive the storm hydrograph due to a 3.1 storm with a total rainfall of 15 em. Assume
initial loss of 0.50 cm and ®-index of 1 em/h. Take base flow of 4 m’/s. [8]

b) Explain the concept of the unit hydrograph, What are the assumptions and limitations
of unit hydrograph theory? [2+4]



b)

b)

c)

water control project near this site has an expected life of 45 years. The policy
decision for project provides the reliability of 85%, [4+2]

(1) Using Gumbel’s method recommend peak discharge. Take ¥a = 0.5309 and
Sa=1.0915

(1) Calculate the design discharge if factor of safety is 1.3 and also the corresponding
safety margin. -

A rainfall storm for the duration of 20 mins. 40 minsand 80 mins are 40 mm, 70 mm,

90 mm and 100 mm respectively. If the slope of the catchment is 0.01, runoff

coefficient is 0.7, maximum length of the travel is 1,100 m and catchment area is

3 km’, estimate the peak flow by rational method, 78]
Explain briefly the basic principles involved in the development of IUH by Clark’s
method. (6]

A drainage basin has area of 157 km. stor =€ constant = §h and time of concentration
= 7h has the following

[ - 0-1 11

[ Time h B 2123734745156 67
| Inter isochrone arca km” 10 138 20451321101 2 ]
Route the flood hydrograph. [6]
Why flow routing is required? Explain Time-Area method of Routing. [6]
= *¥EE
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1. Explain the hydrologic cycle in .nature with the help of a neat sketch. ' 4]
2. Discuss three different methods of determining the average depth of rainfall over a
' catchment. . ' ' (61
3. Following are the rain gauge observations during a storm. Construct mass curve of
precipitation, hyetograph and maximum depth-duration curve. - [6]
. ﬁime since commencement of storm(min) Accumulated rainfall (cm '
5 ' 0.1
10 0.2
15 ' - 0.8
20 : 1.5
25 18 |
30 2.0
40 . 2.9
45 2.9
50 ' 3.1
4. Discuss briefly methods used to estimate evaporation from a lake. B ()
5. Follo\éuing are the monthly pan evaporation data (Jan-Dec) near Kfcithmandu in a certain
year in cm. 16.7, 143, 17.8,25.0,28.6,21 .4, 16.7, 16.7, 16.7, 21.4, 16.7, 16.7. The water
spread area in a lake nearby in the beginning of January in that year was 2.80 km? and at
the end of December it was measured as 2.55 km?. Calculate the loss of water due to
evaporation in that year. Assume a pan coefficient of 0.7. _ [6]
6. For ungauged basins, how would you determine the monthly flow from rainfall? Explain
any two methods. : : (8]
. 7. The high flow water surface elevations of a stream at two section 10 km apart are 306.920
m and 306.650 m. The cross-sectional area and wetted perimeters are as follows:
TSection | Area(m’) | Wetted perimeter (m)
A 733 _ 26.80
B 93.4 30.23
Assume 1 = 0.02. The eddy loss coefficient is 0.30 for gradual expansion and 0.10 for
~ gradual contraction. Estimate the discharge at the stream. Section A is upstream of B. 81
8.

Define flood hydrograph, Direct Run of Hydrograph (DRH) and Unit Hydrograph. Write
the different methods of base flow separation in hydrograph analysis. ' [8]



9. The ordmates of a 2-h UH are given below. Derive the ordinates of a 3-h UH by S-curve

method.

Time (hr) 01 2

4 | 6

8 10 { 12

Ordinates of 2-h UH | 0 | 12

48 | 78

114 | 72 | 54

10. Write 1he equations of flood prediction by rational and empmca] methods. Also write the
-Jimitations and appropriate uses of these equations.

11. For a river the estimated flood peaks f{n two return periods by the use of Gumbel’s

method are given below:

Return period (yrs) Peak flood (m’/s)
100 1020
50 850

What flood discharge in this river will have a return period of 500 yrs?

12. A drainage basin has the following characteristics: Area = 120 Kkm?, timé of concentration
= 14 h, storage constant = 10 h and inter-isochrone area distribution as below:

Travel time (hr) 0-2 24|46

6-8 | 8-10

10-12

12-14 | 14-16

16-18

Inter-isochrone area (km?) | 3 | 10 | 20

26 | 18

18

13 8

4

'_Compute the flood hydrograph by using Clark’s method.

k%

6

(61

(8]

(8]
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. What is a hydrologic cycle? Why do we need to study hydrologic cycle and water bud zet

equation?

aj

b)

b)

b)

a)

b)

What are common causes of inconsistencies in rainfall data? Please demonstirate
applications of mass curves with appropriate illustrative examples.

Mean and standard deviations of annual rainfzll estimated based on seven stations in a

“catchment are 143 mm and 31.6 mm, respectively. For a 7% error in the estimation of

mean rainfall, do we need additional rain gauges in the catchment? If yes, what are
the minimum numbers of additional rain gauges required to be established in the
watershed.

A reservoir of a hydropower project has a surface area of 2 km®. Estimate volume of
water evaporated from the reservoir in March (30 days), if temperature = 25°C,
relative humidity = 70%, wind speed at 2m above the ground surface is 12 km/h, and
saturation vapor pressure at 25°C is 23.76 mm of Hg. Take Meyer’s coefficient as
0.36.

Daily (24-hrs) rainfall observed over a catchment of 1 km? is 10 cm. A Horton’s curve
with a coefficient (K) of 0.5 hr” indicated an initial and final infiltration capacities of
0.8 cm/hr and 0.3 cmv/hr, respectively. If an evaporation pan (pan coefficient = 0.7)
installed in the catchment indicated 0.5 cm drop in the water level during the 24 hours
of its operation, determine runoff from the catchment.

During a flood flow the cross section of area of a river were measured as 60 m® for w/s
and 45 m” for d/s at two sections 6 km apart. Wetted perimeters of these sections were
18 m and 14 m respectively. Elevation difference between /s and d/s bed of the river
was 0.45m. Estimate the flood discharge of the river. Take Manning’s rugosity
coefficient = 0.025 and eddy loss coefficient = 0.15.

Explain the methods practiced in Nepal for the estimation of runoff from an ungauged

basin.

Discuss how different factors affect flood hydrograph. What are various methods for
baseflow separation?

Observed streamflow in a catchment (Area = 600 km?) from a storm event of 4 hours’
duration tabulated hereunder. If baseflow is 10 m’/s, derive 4 hr unit hydrograph.

Time(hr) 0] 4 [ 8 12711620 [24]28]32[36]40]44]4s

Observed flow (m*/s) { 10 | 100 [230 [ 190 130 100 [ 70 | 60| 50 | 30|20 | 15 [ 10

[1431]

[3+3]

[5]

(51

[5]

[8

(6]

[3+3]

(8]



6. a) Using given data for annual discharge in a section of a river from year 2000 to 2009.  [6+4]

(i) Calculate sample mean, sample standard deviation and ssimple coefficient of
skewness.

(i) What would be the prebability of the flood of magnitude 250 m®/s occuring in the
next year?

Year 2000 | 2001 [ 2002 [ 2003 | 2604 | 2005 | 2006 | 2007 | 2008 | 2009

Discharge (m’/s) | 33.9 |31.7 |31.5 | 596 [50.5 [38.6 {43.4 | 287 1320 151.8

Reduced mean ¥, = 0.4952, Reduced Standard Deviation (o,) = 0.9497.

b) Define the terms exceedance probability, recurrence interval and frequency factor. [6]

7. a) What are the processes that Clark’s method considers in the transformation of excess
precipitation to runoff? How are they achieved? [3]

b) Route the following hydrograph through a river reach with routing parameters K and
x as 10 and 0.20, respectively. Take ouiflow discharge at the start of inflow flood as
5 m/s. Also estimate attenuation and lag of peak. [6+2]

Time (hr) 0l 5T10015]20725]307 35 |40

Inflow(m’s) | 5 [ 10 | 30 [45]40 (30| 18] 12 | 8

ek
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. The catchment area of a reservoir is 15.5 km®. A uniform precipitation 0

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. 4

The figures in the margin indicate Full Marks. Bor . O o e
A separate graph is provided. X, &
Assiime suitable data if necessary.
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5 em/h for
2 hr was observed on a particular day. 65% of precipitation reached into the reservoir. A
canal 1::a'rryi1:lg> a flow of 1.1m’/s is taken from the reservoir. The rate of evaporation was
0.6 mm/hr/m’. Assuming seepage loss to be 45% of evaporation loss, find the change in
reservoir level for 10 hrs, if the water spread of the reservoir was 0.6 km?.

The normal annual rainfall of four stations A, B, C and D in a catchment area is
1150, 940, 1080 and 980 respectively. In a particular year the station B did not work and
the rainfall amount of A, C and D were 1000, 970 and 890 respectively. Compute the
missing precipitation at point B for that year.

Write down the procedure of developing Depth Area Duration (DAD) curve. From an
isohyetal map prepared for 12 hrs precipitation, following data are obtained.

Isohyetal interval (cm) [ Area enclosed (km?)
>T70 125
60-70 225
50-60 215
40-50 350
<40 150

Explain with neat sketch toYetermine the infiltration capacity of soil by using double ring
infiltrometer. How you differentiate ¢ index from w-index.

The infiltration rates observed during a test on a double ring infiltrometer are as given
below:-

Time(hrs) | 0.0417 [ 0.125]0.333 | 0.75 | 1.5 | 2.5 35 | 45 1 55 | &5

flem/hr) | 0.781 |0.747 | 0.662 | 0.535 | 0.370 | 0.255 | 0.224 0.218 | 0.207 | 0.207

Determine the constant f, f; and k of Horton’s equation which fits the above data.

With the following data, compute discharge for a river.

Duration of observations(sec) | 0 | 100 | 100 | 50 | 50 | 50 | 100 | 160

Distance form left bank (m) (0! 1 4 7 10 | 13 | 16 | 19 |20
Depth(m) 0] 1 |125011.75/2.15/1.80]1.201.05} 0
Revolution at 0.6d 0{30] 401 30 {40 | 35 | 25 {20 |0

0

Calibrated value of constants for current meter: a= 0.51 and b=10.03

(6]

[2+4]

[5+43]

[6]

(6]



7.

10.

Calculate the flood discharge of a stream by the slope area method given as below:

Upstream flow area = 45 m” Downstream Flow area = 50m”
Upstream wetted perimeter = 26 m Downstream wetted perimeter = 28 m
Upstream velocity head coefficient = 1.18 | Downstream velocity head coefficient = 1.23

Falling Difference = 1.15m, Reach length =7km, Manning’s Coefficient = 0.03

The eddy loss coefficient of 0.3 for gradual expansion and 0.1 for gradual contraction. {8]
The ordinate of 4-h UH are given:
Time (hr) 0(2 |4 6 8 10 |12 |14]16118]20122]|24

Ordinate (m’/s) | 0] 30 | 100 | 150 [ 200 | 160 | 120 | 80 | 40 | 30 2016 {0

A catchment has rainfall of 3.5 cm, 2.5 cm and 4.5 cm in three consecutive two hour
period. Assumiing an average @-index of 1.25 cm/hour and base flow of river is 50 m’/s;
determine the flood hydrograph of the catchment. [12]

A river, whose annual flood peak can be represented by Gumbel distribution, has
100-years and 500-years return period flood of magnitude 9900 m’/s and 12100 m’/s
respectively. The sample size = 30. [4+4+3+3]

[y, =0.536, S,=11124]

a) What is the magnitude of 200 years and 1000-year flood?

b) What are 95% and 80% confidence limits for 200 year and 1000 year flood if {{95%)
= 1.96 and f{80%) = 1.28

¢) A hydraulic structure of 25-year life was designed for 12300 m’/s peak flow. What is
the hydrologic risk of this structure? -

d) What peak flow should be taken into consideration if you want the structure to be
99% reliable for a structure life of 25 years.

A drainage basin has the following characteristics [8]
Arca=180 kmz,
Storage constant = 10 hours

Time of concentration = § hour
The inter isochrones area distribution are as follows

Travel time (hr) 0-111-2]23]3-4|4-5156[6-7|7-8
Inter isochrones area (km>) | 14 | 38 [ 28 136 {30 {20 |10 | 6
Determine the instantaneous unit hydrograph (IUH) for this catchment

Bk
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Year 1950| 51 | 52 [53 54 [ 55 56 157 15815960 | 61 62 )63 |64]65

Ppt(em) [ 13.0 [12.0 7.6 {14.3]16.0/ 9.6 | 8.0 [12.5 112/89(89]7.8]90 10.2/8.5]7.5

a) Calculate PET for May month by Penman method,
Mean monthly temperature = 20°C
Mean RH = 75%
Medn Sunshine hoar = 10 hr,
Potential Sunshine hour = 13.5 hr.
Wind velocity at 2m height = 8 km/hr.
Albedo = 0.028
Upper terresirial solar radiation = 14.4 mm of Hg/day
Latitude = 27°; Longitude = 86°
Saturated vapour pressure at 20°C = ] Imm of Hg

| U/SSection | Middis Section | D/S Section |
Area (m?) | 105.75 102.63 96.63
Wetted perimeter (m) { 64.25 60.20 58.00
Gauge Reading (m) 1 3155 - 31515
| Manning's Roughness [ 0.025 0.027 0.029

- - -~ STy, . e e e
Determine the stream discharge for length between U/S and D/S sections as 260 m
assuming coefficient of contraction Keas 0.1,

<) Define shifting control in st« ge discharge relationship. What are the causes of shifting
controf?

Slope of Saturated vapour pressure = 1.42 mm/°C [8]
b) A storm with a 15.0 em precipitation produced a direct runoff of 8.7cm. The time

distribution of storm is as follows.

Time from start (hr) | 1 [ 23574 S 161 778

{ Incremental rainfall in each hr (em) | 0.6 [135[225 345 127 1241151075
Estimate the ®-index of the storm, [5]
- @) Define catchment, What are the factors affecting runoff from a catchment? [1+5]

b) For the purpose of discharge measurement in a stream by Slope-Area method the

following data has been obtained. {8]

[142]



5. a) Define unit hydrographs and explain the uses of hydrograph. [5]
b) The ordinates of a 4 hr UH of a basin area of 300 km’”, Three hundred square km
measured at 1-hr internals are 6, 36, 66, 91, 106, 93, 79, 68, 58, 49, 41, 34, 27, 23, 17,
13,9, 6,3 and 1.5 m’/s respectively. Obtain the ordinates of a 3 hr UH of the basin
using the s-curve technique. ' [10]
6. a) In the time series data of annual peak flood for 75 years, the mean and standard
deviations are found to be equal to 5561 m*/s and 1718 m¥/s respectively. Using
yn=0.556and S,=1.189 (for 75 yrs). : [4+4]
i) Determine the peak flood for 0.4% probability of exceedence by Gumbel's
method.
i) Compute 90% confidence limits for above floods, using f{c) = 1.6 for 90%
confidence level respectively,
b) Explain the rational method of determining the floods. Also write down its
limitations. [6]
7. A drainage Basin has the following characteristics: [6]
Area =110 Km®, Time of concentration = 18 h, Storage time constant = 12 h and inter-
isochrones area distribution as below:
Travel Time (h) 02 | 2.4 | 46 | 6-8 | 8-10 10-12 | 12-14 | 14-16 [ 16-18
Inter-isochrone area (km?) | 3 9 12 | 2 16 18 10 8 4

Determine the Clark's 2h-1UH for this catchment.

k&
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Assume suitable data if necessary.

Explain hydrologic cycle with neat sketches and justify itS need in Engineering

Hydrology.

2. The rainfall depth with time during a storm at a station is given below. Compute
maximum average intensities of the rainfall for durations 30 minutes, lhr, 2 hr, and Shr

and plot the resulting intensity duration curve.

[3+2]

[6]

Time

(hr)

06:00 | 06:30 | 67:00 | 07:30 | 08:00 | 08:30 | 09:00 | 09:30 | 10:00 | 10:30 | 11:00 | 11:30 | 12:00

Rainfall
(mm)

0 6 6 5 8 5 9 13 6 4 3 2 0

3. a)
b)

Explain the water budget and energy budget methods for estimation of evaporation.

The mass curve of an isolated storm in a S00ha watershed is as follows:

Time from strat (h) 0] 214618 10| 12| 14 | 16 | 18

cumulative rainfall (cm) | 0| 0.8 12.6 2.8 |41{73[108|11.8[124]12.6

c)

If runoff measured at the outlet is 0.361Mm” is baseflow, estimate the ¢-index of the
storm and duration of rainfall excess. Also determine W-index if the other losses in

the storm is 0.1 Mm’.
Differentiate actual and Potential Evapotranspirations.

Following are the data of gauge and discharge collected at a particular section of the

river by stream gauging operation.

1) Develop a gauge-discharge relationship for this stream at this section for use in
estimating the discharge for a known gauge reading. What is the coefficient of
correlation of the derived relationship? Use a =7.5m for the gauge corresponding
to zero discharge.

ii) Estimate the discharge corresponding to a gauge reading of 10.5m at this gauging

station.
Gauge reading (m) | Discharge (m’/s) | Gauge reading (m) | Discharge (m’/s)

7.65 15 8.48 170

7.7 30 8.98 400

7.7 57 9.30 600

7.8 39 9.5 800

1.9 60 10.5 1500
7.91 100 11.1 2000
8.08 © 150 11.7 2400

[343]

[5+1]
(3]

[6+2]



b)

Calculate the discharge in a stream by using mid-section method from provided data.
A current meter is used to measure velocity at 0.6 depth and calibrated as

- V=0.3N+0.004
Distance from right bank (m) | 0 | 2 4 6 | 9 {12} 15|18 20
Depth (m) olosoliic|i1o0(22 |18 11107 0
Number of revolutions 0] 80 | 83 | 130 {121 (116 10090 1| O
Time (s) ol1701 110§ 100 | 100} 100 | 100 9010

b)

. a)
b)

b)

Define storm hydrograph, direct runoff hydrograph and baseflow. Explain the
methods to separate base flow strom hydrograph with clear sketches.

Following are the ordinates of hydrograph from a catchment area of 770km” due to
6-hr rainfall. Derive the ordinates of flood hydrograph due to 3.3cm and 5.5cm
effective rainfall of duration 12-hr.

t (hr) 01 6112118124130 36|42 48[54 [60]66]|72
?&%}’;ﬂrge 40 1 65 1 215 | 360 | 400 | 350 | 270 | 205 | 145 | 100 | 70 | 50 | 40

Explain Rational method of flood predication . Also mention its limitations & uses.

Analysis of the annual flood peak of river of 21 years yiclded a mean of 8520m’/s and

standard deviation of 3900m?/s. A proposed water control project on this river is io

have an expected life of 40 years. The acceptable reliability by the design policy is

85%.

i) Using Gumbel's Method recommend the flood discharge for this project. Take
y,=0.5252 and S,=1.0696 for 21 years.

ii) What would the 80% confidence limit of the above flood if f(c)=1.282 at 80%
confidence level.

What do you understand by flow routing?

A drainage basin has the following characteristics:
Area = 123 km?®, time of concentration=14 hr, storage constant=10h and inter-
isochrone area distribution as below:

(8]

[3+3]

(10]

[3+3]

[4+4]

[2]

Travel Time (hr) 0212-4146]6-8]8-10]10-12 | 12-14 | 14-16 16-18[

ampute the flood hydrograph by using Clark's [UH.

ETT

Inter-isochrone area (km”) | 4 | 10 | 21 24 | 18 20 12 9 5 |

(6]
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Assume suitable data if necessary.

Explain double mass curve method for checking a rainfall data for consistency.
What facters should be considered in selecting a site for stream gauging station.

The catchment area of a reservoir is 1600 ha. A uniform precipitation of 8 mm/hr for
2 hour was observed on particular day. 55% run off reached the reservoir. A canal
carrymg a flow of Im/s is taken from the reservoir. The rate of evaporation was 0.8
mm/h/m?. Assuming seepage loss is 40% of evaporation loss, find the change in the
reservoir level for 6 hours, if the water spread of the reservoir was 45ha.

Explain the different methods of determining the average rainfall over a catchment
due to a storm.

Calculate the potential evapotranspiration from an area near Dharan, Sunsari in the

month of april by Penmans’ formula. The following data are available.

Latitude: 26°-49’N, Elevation (from msl) : 250.00 m

Mean monthly temperature : 22.5°C, Mean relative humidity: 75%

Mean observed sunshine hour: 10 hr Wind velocity at 2m height: 80 km/day

Psychrometric constant : 0.49mm of Hg/°C  Reflection coefficient:0.20

€y : 20.4mm of Hg, A: 1.24mm/°C b=0. S%' Ha = 14.9mm of evaporable water per
day

Mean monthly value of possible sunshine hour (N) ; 12.7 hours

Nature of sunshine cover: closed ground green crop, where the symbols carry their
usual meanings '

The mass curve of an isolated storm over a watershed is given below.

Time from start (hr) 01051 1 |15 2 125] 3 [3514]45] 5

Cumulative rainfall (ecm) | 0| 0.6 |14(1.9({28]|3.7[54(62|7/78[82

b)

If the storm produced a direct run off of 3.8 cm at the outlet of the watershed,
estimate the @-index of the storm and duration of rainfall excess.

The ordinates of a 2-h UH are given below. Derive the ordinates of a 3-h UH by S-
curve method.

(6]
[4]

[6]
(6]

[10]

[6]

[ Time (hr) 0l 2] 4 6 8§ |10 |12 ]14[16]18|120]22 |24
Ordinates of 2-h UH [ 0 [ 25 | 100 [ 160 | 190 [ 170 [ 11070 [30[20[15] 6 | 0
{m3i's) :

Calculate the flood discharge of a storm of 3h and 2h rainfall of 8 cm and 7 cm
respectively. Consider @-index 0.3cm/hr and baseflow 10m/s.

[10]




4. a) The ordinates of 4 hr unit hydrograph are given below.

Time (br) 0T2T 27618 10]12]14]16]18[20]22]24
4-hr UH ordinates (m/s) 0] 9| 12| 28 |40 |52 [49]36[29120]13]10} 0

The storm has successive 2 hr, 4 hr and 6 hr rainfall of 2.5, 8.0 and 9.0 cm
respectively. ¢-index is of 0.15 cm/hr and base flow of 40m’/s. Determine the 2 hr
UH and resulting flood hydrograph from above storm. [12]

b) Annual flood peak flood of a river for 20 years yielded a mean value of 5460 m3/s
and the standard deviation of 2950 m’/s, The proposed hydraulic project on this river
has an expected life of 35 years and reliability of project is 87%.

(i) Using Gumbel’s method predict the flood discharge for the project if the value of
yn =0.5402 and Sn = 1.1285.

(ii) What discharge is to be adopted if the safety factor for flood magnitude is taken as
1.5 and also determine safety margin on this basis.

(iii)Calculate the confidence limits at 95% confidence probability f(c) = 1.96 [12]

5. Route the following hydrograph through a river reach for which K = 12h and X = 0.20. At
the start of the inflow flood, the outflow discharge is 10m’/s also find lag of peak and lag
attenuation. [10]

Time (h) 016 ]12]18[24[30]36[42]48]54
Inflow (m/s) | 10|20 [ 50|60 |55]45]35|27|20|15

Ak
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Candidates are required to give their answers in their own words as far as practicable.
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Necessary tables are attached herewith.

Assume suitable data if necessary.

. Explain water budget equation. What is the role of water budget equation in hydrology?  [2+2]

The annual rainfall at station X and the average of annual rainfall at 25 surrounding base
stations in can are given below for the period of 36 years starting from 1941 [6+1+4+3]

1) Check whether the data of starting X is consistent

i) In which year a change in regime indicated?

i) Compute the mean annual rainfall for stations X at its present site for the given 36
year period first without adjustment and secondly with the data adjusted for the
change in regime.

iv) Compute the adjusted annual rainfall at station X for the affected period.

a) Starting from Horton's equation. derive an expression for total infiltration in time "1".
Also draw graph showing infiltration and total infiltration vs time. [4+2]

b) Calculate the potential evapotranspiration from an area near Simara, Bara, in the
month of April by Penman's formula. The following data are available. [10]

Latitude: 27N
Elevation (from msl): 107 m
Mean monthly terpesar. w 23°C
Mean relative humidity: 75%
Mean chserved: sunshine hour: 10
Wind velocity at 2 m height: 85 km/day
Nature of sunshine cover: closed ground green crop
~Given: :

A 1.27mm/°C

Hz = 15.00 mm of evaporable water per day

Mean monthly value of possible sunshine hour (N): 12.5 hours

Saturated vapour pressure at 23°C = 21.04 mm of Hg




4. a) (a]cu]ate the flood discharge of a stream by the slope area method given the
following data: [12]

- Upstream flow area = 3500 m’
Upstream wetted perimeter = 650

Upstream velocity head coefficient = 1.17

Down stream flow area = 3250 m’

Down stream wetted perimeter =621 m
Down stream velocity head coefficient = 121
Falling difference = 0.4

Reach length=1300 m

Manning's coefficient n = 0.03

T T e e
e FhEa,

b) Describe about the use of current meter according to flow characteristics of channel. [4]
5. a) What is Unit hydrograph? What are assumptions and limitations of UH? [2+2]

b) In a storm, the rainfall of depth 0.7cm, 0.9cm, 0.2cm, 1.0cm occurred in four
successive hours. The storm hydrograph due to this storm has following hourly
ordinates: [8]

0.5,44.5,110.5, 85.5, 102.8, 94.0, 38.4, 18.6, 10.9, 5.3, 2.9, 0.5 m*/s

If the average losses are 0.2cm/hr, estimate the hourly ordinates of unit hydrograph.
Assume suitable value of base flow. Calculate 2-h UH using Scurre Method.

6. A river, whose annual flood peak can be represented by Gumbel distribution, has
100-years and 500-year return period flood of magnitude 9900 m’/s and 12100 m%/s

respectively. The sample size isn = 30.[3:'n =0.536, s, =1.1 124:' [4+4+3+3]

) What is the magnitude of 200 vear and 1000 year flood? 5

i) Yhat are 95% and 80% confidence limits for 200 'fe;ar and 1000 year flood if i
f(95%) — 1.96 and f (80%) = 1.28 ¥

iii) A hydraulic structure of 25 year life was designed for 12300 m3/s peak flow. What is
the hvdrainaic risk of the struciure?

1v) What peak flow should ve iaken into consideration if you want the structdfe w oe
99% reliable for a structure life of 25 years.

7 A drainage basin has the following Characteristics, {41
Area = 172 Km®,
Storage constant = 10 hour
Time of concentration = 8 hour
The inner-isochrones area distributions are as follows

Travel Time (hr) % 0-i |12 |23 |34 (45 |56 |67 [78
Inter-isochrones area (Km®) |12 [40 |26 |36 128 |18 |8 4

Determine the IUH for this catchment.
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*. Explain Water balance Equation and explain each process.

2. A storm commenced at 7:00 hours. The ordinates of the rainfall mass curve of this storm
in mm as recorded by a recording rain gauge at 15 minute intervals are 0, 9.5, 17.0, 27.0,
40.5, 49.0, 63.0, 84.0, 95.0, 102.0, 110.0, 112.0 and 112.0. Plot the intensity duration
graph by computing the maximum rainfall intensities for durations of 15, 30, 45, 60, 90,
120 and 180 minutes.

3. a) Explain energy balance equation and derive evaporation equation using Bowen's ratio.

b) For a storm of 3 hours on 50 ha catchment, the rainfall rates are as follows:
Time of rain from beginning (min): |0 |30 |45 |75 |100 |125 |[150 |180

Rain fall rate (cm/hour): 0 125 |35 |28 |48 |52 |18 |55
If the ¢ index of this basin is 2.5 cm/hour, calculate total rainfall, runoff in (cm) and
peal discharge.

¢) Explain interception and depression storage losses. How these losses are estimated
during hydrological analysis.

4. a) Explain how stage discharge relationship is established.

b) Explain the procedure of stream flow measurement by area-velocity method. Also,
= describe the mid section method for discharge computation using sketch and
equations.

b) What factors should be considered in selecting a site for stream gauging station.

5. a) The 3 h unit hydrograph of a basin with an area of 20 km” at one hour interval are as
given below 0, 0.41, 1.38, 4, 7.72, 10.06, 9.24, 6.62, 4.57, 3.86, 2.76, 2.07, 1.38, 0.83,
0.41, 0. If rainfall excess with intensity of 2.0 cm/h for a period of 4 h followed
immediately by another 3 h storm with an intensity of 1 cm/h occurs on the basin,
what is the peak flow produced by this rainfall and at what time after the
commencement of rainfall would this peak flow occur? Assume baseflow is
negligible.

b) A 6 h unit hydrograph of a basin has a peak ordinate of 96 m®/s. When the base flow
in the stream is 25 m’/s, and when the basin has reached its minimum infiltration
capacity of 2.5 mm/h, a 6 h storm with 18.3 cm of total rainfall had occurred on the
basin. What is the magnitude of the peak discharge in the flood hydrograph produced
by this storm?

[4]

[12]
[4]
(6]

[2+2]
[4]

[343]
(4]

[10]

[4]




6. a) The annual peak discharge of a river follows the Gumbel's extreme value distribution
with a mean of 10000 m’/s and a standard deviation of 3000 m*/s. What is the
probability that the annual peak discharge is more than 15000 m’/s? What is the
magnitude of the peak discharge with an exceedance probability of 0.1? [Hint:

1.28255
i —
c

b) Differentiate between continuous and discrete random variables. Give examples each
in hydrology. Give three formulae which are used to determine the return period. [1+2+3]

iB=pn—-0.48c - [8]

7. The ordinates of the inflow hydrograph at 6 hr interval are as follows: [8]

Time(hrs) |0 6 | 12 | 18 | 24 30 36 42 48 54 60 | 66 | 72 | 78 | 84 | 90

Discharge | 0 | 50 | 280 | 610 | 1290 | 1900 | 2130 | 1900 | 1600 | 1440 | 1060 | 780 | 500 | 370 | 220 | 130
(m’/s)

The discharge over the spillway Crest and the surcharge storage above the crest for different
water surface elevations are as follows:

Water surface elevation (m) | 140 | 141 [142 [143 | 144 145 146
Outflow Discharge (m’/s) [0 170 1482 [883 |1360 |1905 |2500
Storage x10°(m°) 0.00 [15.0 [35.0 [60.0 |95.0 |140.0 |240.0

Determine:

1) Maximum reservoir level
ii) Maximum outflow rate
iii) Reduction in the peak
*% %
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Define the following terms: hydrological cycle, runoff, water balance and catchment.

The catchment area of a basin may be approximated as a semicircle of radius r km with
respect to the corordinate axis set up with its origin at the center of the circle and the
x-axis coincident with the diameter the area lies in the first and second quadrants and the

position coordinates of the rain gauge stations are (0,0), (—;—,%J and [-_—21,%] km. Show

that the Thiessen weights of the gauges are given by 9—'5—, (0.5-0.25/m) and (0.5-0.25/m)
T

respectively.

a) The ordinates of a rainfall mass curve of a storm over a basin of area 850 km’
measured in mm at one hour interval are 0, 10, 22, 30, 39, 45.5, 50, 55.5, 60, 64 and
68. If the infiltration during this storm can be represented by Horton's equation with
f,= 6.5 mm/h, fc = 1.5 mm/h and k = 0.15 /h, estimate the resulting runoff volume.

b) Write down Penman equation and explain all variables and constants involved in it.

a) Mention the factors that should be considered for the proper selection of stream
ganging site.

b) Explain with sketch how you determine the stage for zero discharge.

¢) Find the drainage density, average length of overland flow, form factor and channel
slope for a basin with the following data:

Area of basin (A) = 140 km?

Distance between the outlet to the farthest point (L) = 21 km

Elevation difference between the outlet and the fartiest point (h) = 1090 m
Total length of channels of all order (Ls) = 654 km

a) Describe the procedure of derivation of unit hydrograph from complex storms using
appropriate expressions.

b) Given below are ordinates of a 4 h unit hydrograph of a basin in m’/s at one hour
intervals.
4,25, 44, 60, 70, 61, 52, 45, 38, 32,27,22,18,14,11,8,6,4,2, 1
What is the area of the basin?

The observed annual peak flood of a river in m*/s for a period of 20 years from 1981 to
2000 are given below:

190, 155, 298, 136, 137, 131, 140, 124, 185, 104, 91, 154, 109, 269, 164, 270, 142, 72,
130, 111.

Prepare a graph of flood peak versus the return period and hence estimate the annual peak
flood with a return period of 30 years. :

Route the following flood hydrograph through a river reach for which Muskingum
coeﬁgcicnt k=10 h and x=0.2. At the start of inflow flood, the outflow discharge is
10 m”/sec.

[Time () 0 |6 |12 |18 [24 [30 [36 [42 [48 |54 |

[4]

[12]

[10]
(4]

(4]
(6]

[4]

(8]

(6]

[14]

(8]
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¥ Assume suitable data if necessar;v -
1. Explam HVdrologlc cycle and Water baiance equatlons [2+2]
2. 'a) Explain the different” methods of dPtermuuﬂc the average ram&l over a caichment
due to a storm. Dlscuss the relanve ments and demerits of the various methods = [3+43]
b) Explain double mass curve test for rmnfall data S a BN (3] Sl
3. a) Explam briefly (i) ] Inﬁltratxon Capa01ty (11) ®-index lake (iii) W—mdev o : ‘[6] :
b) E)mlam the energy budget method of eshmaﬁ ng eva:orﬂ‘ﬂon from a la.bce - [8]
4 @) Determine the stage corresponding to ZeT0 d1schage from the following daia of a '
' rating curve: , [8]
Stage (m) 20.80 | 21.42 |.21.95 | 2237 | 25.00 | 23.52 24.00 | '
_Discharge(m™/s) | 100 | 260 | 360 | 400 | €60 | 800 1000
b} Explain different methods of Stream gauge reading with sketch. a [6]
5. A hydrograph for a 4250—acre basin is shown in the accomnpanying sketch. ‘The given
hydrograph actually appeared as a direct runoff hydrograph from the basin, caused by net . .
rain falling at an intensity of 0.20 i m /hr for a duration of § hr, beginning at t=0. = [4+3+3+4]
. %;« T N e . ."A. 'i QP Note »
o A 1 p ! in = 1nches
¥ 700} . f10 V- H i cfs = cubic feet/sec
S sl A 12 inches = 1 foot
g N ) i : _ aa
g soob- E ; ) ! 1 Acrg =43560sq.it
8 400 ! ' H ! , 400. '
“E g5 Voo ] PN _
'3 a0l . Ao | i i i ! 260
E oL /10 p oy TN
R 1748 N RN O DU N T I
g 1 2 3 4 5 6 1 &

Time, ¢

(2) Detemine the excess release time of the basin, :
B (b) What percentage i the mﬁ basin was contributing to divest mnoff 4ir afierrzin
negaa {r =437
{c} Use your r&snoﬁse fo.part {B) to datermine 3, 25 shown in the sketch, Do not sealt

L_ﬂ”“f‘ﬁ fhie dravi 2 >




6. a) Explain Gumble s Distribution function. Derive frequency factor (k) using Gumble's
distribution. .

b) The ﬂood dlscharoe for 25 and 250 years from ﬁtted Gumbel ismbuhon are 90 and
550 m*/sec respectively. Estimate the ﬂood magmtudes for 50, 5 00 and 1000 years by
Gumbel analytically.

7. A basii ’havmg 128 km?of dramage area has 22 hours and 14 hours ‘of conceniratlon time.

and storage constant respectively. Detenmne the IUH for this basm if mter-lsochrones
' area dxsmbutlon is as below:

Traveltlme(hrj 03 | 36 6-9' 9-12 | 12-15 15—18T18-21 21-24 '24-27

Areaem’) | 2 | 7 [ 17 [ 25 | 31 [-23 | 14 | 6 | 3]

B ST

7]

P4
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1. Explam all hydrological processmHydrologlcal Cyclc SRR SR o ![4]
a) Descnbe methods of averagmg point ramfall over a catchment area with neat-
. sketches. : ) [6}'
" b) Explam the energy budget method of estlmatmg evapora‘uon from a lakc . [61
.3 Calculate the potential evapotranspiranon for an area over Kad)mandu in the month of A
‘March by Penman Method. _ A o : [14]
The ﬂowmg data is available: ' ‘
. Meen Monthly temp . :18.0°C
‘Mean RH : 60%
Mean sunshine hours :9h
Potential sumshine hours :129h ’ o
Wind Velocity at Zm height = : 5 Km/hour e
Albedo :025 S
Y - Upper terresierial Solar radxatxon 1 1 mm of hg/day
Other values: ' , _
. Lattiude : 2_8.5°
Longitude 1 84.5% S ,
Saturated vapor pressure at 10.0 °C ' =92mmofHg -
Slope of saturate vapor pressure o ='1.24 mm/°C
~ Psychrometric constant - =0.49mm/°C
' "Boltzman constant S =2 0'I*E-9 mm/day o
A " S S
4: a) Computo the stream ﬂow from foﬂowma tiata -The- cahbrated equatlon of cun'ent
meter ist — - [8]
© V=), 03 5+(3.74*N, where'V is in m/sec and N § is ~3volunon/sec .
Dristance from bank {m) 0 0.6 1.5 2.5 3.5 5.0 6.0 7.0 7.5
Water Depth (m) - : 0 0.3 0.75 1.2 - 1.7 1.3 0.7 $3 0 -
No. of Revolutions 0 15 95 | 1i0 120 1i 80 20 0
Time (sec) 0 45 85 95 S0 100 70 40 0
b) Explain how the mondLV flows from the ungauged I ocwons are estimated from the
observed rainfall dat, over the catchment, in Nepal. f6]

P.1



S. A 2-hr unit nydrograph for a basin is shown in the skutch [6+3+5]

{&) Determme the peak dtsciiarge (in ¢fs) for a net rain of 5.00 th‘ and a doration of 2 hr.
i(b) What is the tota! direct surface runoff (in inches) for the storm described in part (2)7
{c) A different storm with a net rain of 0.50 in./hr lasts for 4 hr. What is the discharge at

3p. m, if the mmfaﬁ started at 4 pam.?
Note:

________ - - , in = inches

600 : / 12 inches = 1 feet
\ . . cfs = cubic feet/sec

: o h%g:g t.l.ﬁ:tb A unit hydrograph

PN yd YAIOEHAPR s response of catchment

X . due to 1 inch effective - -

—---:---'—, ~ _rainfall over it.

\
!
]
l
1
t
]
1
1
|
1

 Discharge (cfs)

piss ioom o it

ed Joo o e fon e o o o o

i
|

g

i

1

i

!

{
R ‘ .
: ' '
B for e o e e N

{
Tme(hr) ' )

6. a) If the annual flood series data for a catchment are available for N consecutive years,
explain a procedure to determine a flood discharge with a return period of T, (where -
T>N), by using Log Pearson type III distribution method. [8}

b) Calculate the flood discharge using Empirical method from a catcﬁment of area .-
100sqgkm. The catchment has longest river of 60km. The elevation difference of the L

river is 20m. Raiﬁfeﬂ runoff coefficient is 0.6 and maximum daily rainfall is 200mm. [6]
7. Explmn in detaﬂ time area method for estimating runoff hydrograph. o : (8] L

P.2
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alance e u_atioﬂ.'Write' .,do,w,n a general water

balance equatxon for a basm

a) The shape ofa catchm m of a pentagon ABCDE Therc are 4 rain

‘gauge stations P,Q, R and S ‘inside the catchment. The position co-ordinates in km
are: A(0,0), B(50,75), C(IOO D(ISO 0), E(75, -50) P(50 25), Q(100,25), R(100,-
25) and S(50,-25). If ramfalls recorded at P,Q.,R and S are 90, 105, 114 and 12 mm
respectively, determine the’ mean ramfall by Thxcssen Polygon method.

b) Explain the dlffercnt types of precxpltatxon based on hftmg mechanism.

a) Calculate the free water surface evaporation in june using the Penman method from

an area, whose latitude is approximately 33°N. The available data include air
nos

-L*ﬁ:)c.t..tuc = 30°C, Vv’ind QPGSd at2m heigh = 10 km/h, relative Hmuidiiy 60%,
mean observed sun shme hours 12 and re‘lectwn coefficient = 0.05.

b) The infiliration opamty m a basm is erresented by Horton’s equation as
fp=3.0+e", where fp is in cm/hr_and ‘’ in hours. Assuming the infiltration to take
place at capacny rates ina strom“ of 60 ‘minutes durmg, estimate the depth of
mﬁltranon in (1) the ﬁrst 30 mlnutes‘and (n) the second 30 minutes of the storm.

a) Estimate the flood d:scharge through a 5m—w1de rectangular channel for the folleving
data. The depth of water is 2m and 1.8m at two section 500m apart. The drop in water
surface eIevatmn is 0.25 m. Mannmg s roughness coefﬁment is 0.025, Assume eddy

~ lossto be zero. 5 , L :
b) The following data were oollected for a stream at a gaugmg station. Compute the
discharge. S . :

G

[6]
o

(81
[3+3]

{8l

6]

Distance fram. one end of | Depth d immersion of current mater bejow watar surface o
water surface - T (m) o at0.6d at0.2d at 0.8d -
{m) ' ’ " |Rev. |Sec. {|Rev. |Sec. |Rev. |Sec.
3 14 12 50 '
6 33 38 52 23 |55
9 ' 5.0 40 58 |30 |54
(22 .o . 180 .~ |48 60 |34 58
15 ) 54 34. |52 |30 |50
18 - ' 38 35 - {52 |30 |54
21 1.8 18 50

Rating equatson of current meter : v= 0.3N+0.05
An S- hydrograph is given such that at time t = 0, its ordinate is lTem/h and it remains so

for an indefinite period of time. Determine a 2-hour unit hvcrocrmb Using this vnit
hydrograph, determine a 4- hoyx unit byd:ograph

P.5
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6. An analysis of an annual flood., series convering the period 1890 to 1966 on a certain
river shows that the 80 year flood has a magnitude of 620000 units and 1.4 year flood has
a magmmde of 215000 units. Assume the annual floods are Gumbel distributed. [6+4+4]

1) What i is the probabﬂlty of having a flood as great as or greater than 440000 umts?
. u) What is the magmtude of flood havmg a recurrence interval of 40 years‘7
111) What is the probabxhty of havmg 575000 units ﬂocd or a greater ﬂood in the commg

25 years txme‘? L S ‘
7. a) Explam the concept of attenuaﬁon and lag of peak due to routmg with sketch , [4]
b) Startmg from the commmty equanon, obtam the equauon of reservoxr routmg . [4]

T4 . 53 295

. ; ;_94-9! a“_ 11.20 . 3.66
. Mmomﬂqm@y;mywk mzmamq GUiER
SPACE (EXTRATERRESTRIAL RADIATRONY, 4. 54 Sfie)

NORTHERN mmsmwnuussemua ’

OB w B o )
-t e —_ 128 145
it =7 Ll 139: 150
= 18 43 4B 182
73 78 91 7152 14T
149 146 136 CTISE T 139
181 198174 48 . 134
168 165 1538 148 133
112 s 114 1329 2
26 . s &3 B9 153
— AT L34 B 55 G X
- =0 131146 . .- o .
.;* . —— — B

3 . 124 143

2

TN
R 21 124 121 2.1 21 121
i 116 HS8 1201 24 126 12,7
0, IL1 115 126 126 131 133
3¢ 184 1 1.0 129 137 ML
86 W7 19 B2 a4 150

i N RS

i
. bg

A3 BE 154 [64 160

FRE
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Why the study of hydrology is important for engineers for planning and designing of
water resources projects in Nepal? Explain the significant features of global water balance
with necessary equation. [2+2}

a) In what way you can present the precipitation data? What are the benefits of each
method? Explain the method of drawing Intensity Duration Frequency (IDF) curve. [3+2+3]

b) A catchment has seven raingauge stations. In a year the annual rainfall in cm recorded
by the gauges are as follows: 130, 142.1, 118.2, 108.5, 165.2, 102.1, 146.9 for a 5%
error in the estimation of the mean rainfall, calculate the minimum number of

additional stations required to be established in the catchment. [4]
A 4-hour storm occurs over a 80 km® watershed. The details of the catchment are as
foliows: _ ' o B [14]
Sub basin ¢ index Hourly Rainfall (mm) N
(km?) (mm/h) 1* hour 2™ hour 3" hour | 4% hour
15 10 16 48 22 10
25 15 16 42 20 8
35 21 12 40 18 6
5 16 15 42 18 8
Calculate. the runoff from the catchment and the hourly distribution of the effective
rainfall for the whole catchment.
Calculate the discharge of river section as given: [14]
Distance 011 2 3 4 6 8 12 16 17 18 | 19
(m)
Depth(m) {10 |1 43 {72 |85 (74 156 (47 |35 {21 (1410
Revolution |0 [ 14 {10 |26 |29 |27 |25 {23 [21 |18 |[15]|0
/sat0.2d ; -
Revolution |0 |.7 |12 {18 [20 (1.9 |17 {15 {13 |[1.1 |[1.0]0
/s at 0.8d
The current meter formula is v = 0.02 Ns -0.02, v = velocity (m/s) and Ns = revolution
per minute,
In a storm the rainfall excess of 0.5 cm, 0.0 cm and 0.8 cm occurred in three successive
hours. The storm hydrograph due to this storm has the hourly ordinates (Q) as given
below: 0.5, 44.5, 110.5, 85.5, 102.8, 94.0, 38.4, 18.6, 10.9, 5.3, 2.9, 0.8 (cumecs). If there
is a constant base flow of 0.5 cumecs, find the hourly ordinates of unit hydrograph. If 2
successive storms of 6.5 cm and 10.5 cm of 3 hours duration and ¢-index of 0.2 cm/hr .
occurred in the same catchment, what is the peak flow from the catchment? [9+5]



6. a) Mention the steps for the computation of flood of return period T using graphical

method. : [4]

b) The following are the annual peak flow data (m*/s) of a river from 1990 to 2006: [10]
Year 1390 19591 1992 1993 1994 1995 1996 1897 1998
Peak
discharge
{m’/s) 1400 4160 2580 2910 2250 1360 2280 2540 3900
Year 1993 2000 2001 2002 2003 2004 2005 2006
Peak
discharge
{m%/s) _ 3420 6170 | 2160 1360 | 5440 1340 336Q . .| 2800

Compute flood magnitude with 50 year return period (T) using Log-Pearson type III
distribution. For T = 50 year, obtain frequency factor (K1) for the computed coefficient of
skewness (C;) using following table.

G |0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Kr 12054 |2.107"Y 2159 |2211 |2261 2311 {2359 |2.407 |2453 |2.498 |2.542

G 12 14 f16 |18 |2 22 |25 |3 *
Kr 12626 |2.706 |2.78 |2.848 2912 |2970]3.048 | 3.152
7. Explain the procedure of deriving Clark UH. {8]
EE T 2 . P T o
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1. Explain different prospects of Hydrological study. 4]
2. a) What can be the causes of inconsistency while recording the rainfall of a station? :
Explain how it can be corrected for the future use? [4]
b) The rainfall depth with time during a storm at a station is as given: [2+6]
Time 6:00 | 6:30 | 7:00 | 7:30 | 8:00 | 8:30 | 9:00 { 9:30 ] 10:00 | 10:30 | 11:00 | 11:30 | 12:00
Rainfall(cm) | 0 7 5 8 9 13 ] 10 8 6 5 3 1 0
i) Construct the hyetograph of this storm for 30 min and 2 hours interval
il Compute maximum average intensity of rainfall for 30 min, 1 hour, 2 hour in this
storm and plot the resulting intensity duration curve.
3. a) Calculate the daily potential evapotranspiration by the Penman method from an area
having the following characteristics: latitude = 30°N, elevation = 300 m above mean
sea level, mean monthly temperature = 15°C, mean relative humidity = 70%, mean
observed sunshine hours = 10, wind velocity at 2 -m height = 50 km/day and
reflection coefficient is 0.05. [8]
b) Precipitation falls on a 100 km? drainage basin according to the following schedule: [6]
Time (minute) 30 {60 190 120~
Rainfall intensity (cm/hr) | 4 2 6 5
Determine the total storm rainfall. Also, find out ¢-index for the basin if the net storm
rnoffis3em.
4. a) Explain the stream flow computation by slope area method. [5]
b) Write the method of estimating monthly flows in a stream or river by MIP method in
a Nepalese river. _ 4]
c) What is mean by rating curve? Write the uses of rating curve. Also explain the
method of drawing the rating curve ina particular section of a river. [142+42]
5. a) The direct runoff hydrograph due to an effective rainfall event in given by a triangle
such that its base is 8 hours and its height at the mudpoint of the base is 1cm/h. The
- duration and intensity of the effective rainfall are 4 hours and lcm/h, respectively. :
Derive and sketch a 4 hour unit hydrograph. [8]
b) A 1 bhour unit hydrograph is given by a rectangle whose base is 4 hours and height is _
0.25/hour. Construct an S-hydrograph using this UH. [6]
6. a) Analysis of the annual flood pea' of a river for 43 years yielded a mean of 330m’/s
and a standard deviation of 187 m%/s. A proposed water control project on this river is
to have an expected life of 50 years. Policy decision of the project allows an
acceptable reliability of 85%. Using Gumbel’s method, recommend the flood
discharge for this proj ect [91
A table for reduced mean (y“ ) and reduced standard deviation (S,) i is given below:
N |40 41 42 43 44 45
;n 0.5436 | 0.5442 0.54_148 0.5453 | 0.5458 | 0.5463
Sa 1.1413 | 1.1436 | 1.1458 | 1.1480 {1.1499 | 1.1519
(5]

b)

Explain log pearson II distribution and its use in the prediction of flood.



7. For what purpose time area method is used? Explain time area method using a time area
histogram of a catchment and a set of effective rainfall hydrograph over it. Comments on
its drawbacks. [1+5+2]

SATUW’!ON VRPOR PRF.SSURL QF WAM

Saturation vapor

+.: Temperature. ... pressure, & :
S —— — . slops
°C C°F mb’ mm “of Hg ' (mm Hgi°F)
0. 32 R B ;.030,4_
750 410 - 871 654 T 0ds
7.5 45.5 10.37 178 g 0.54
100 ° 500 " 12.28 931 ‘0.60
B 5 545 1449 10.87 0T
5.0 - 590 " 17.05 12,79 . 0.80
175 . 63.5 2006 . - 1500 T 095
. 200 68.0 23.38 17.54 1.05
S 225 72.5 27.25 2044 1.4
250 710 31.67 23.76 C 140
215 8.5 36.71 21.54° t.61
300 86.0 42.42 . 3182 185
- 325 - 9.5 - 48.89. - 36.68 2.07
35.0 950 - 57.07 4281 - - 238
37.5 C 995 64.46 48.36 2.62
40.0 104.0 73K 55.32 2.95
45.0 113.0 94.91 71.20 3.66
MEAN MOMNTHLY SOLAR, wm AJTHE EARTH'S OUTER
SPACE (EXTRATERRESTRIAL RADIATION), I, 1N 5 Wmv N
 NORTHERN HEMISPHERE WITH L = ssoauc
Nc-’t!\ [atitude (‘N)

Moath o 80° (i o R A S |
Janaary EI - —_ 13 36 : 14.5
Febryary. == — Lt 35 .59 83.. 105 15.0

i March - — .18 43 68 4l 152
April 79 78 91 1LY 27 2147
May 149 146 136 146° 154 : : 150 139
Tune - 181 7.8 170 - 165 167 W67 o {6 5. "-IS‘ ;B - 134
July ‘168 165 158 157 161 163 162 157 148 135
August 1.2 106 1.4 127 139 148 153 153 150 142

gpte ' : RS, 149 149
Octo ‘141 150

2 131 146
3 . 124 14.3

Nov.” ’”136«;-.
2.1 121
11.7 115
11.2 - 10.9
06 102
T 100 9.4

9.t B
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1. What is hydrological cycle? Draw a neat sketch of the cycle showing all components.

2. a) How would you determine optimum number of rain gauges to be installed in a given
catchment?

4y b) Explain Intensity Duration Curve and Depth Area Curve.
Ay

3. a) What is the difference between potential evapotranspiration (PET) and Actual
evapotranspiration (AET)? Explain the penman's method for the estimation of PET
from an area.

b) The infiltration of a catchment can be represented by the equation f = 15+50e%, If

~
2 the rainfall intensity of 45mm/hr occurs continuously for 10 hour from a catchment of

[1+3]

(6]
[6]

[2+4]

area 12km?, calculate . [2+2+2+2]

i) Total runoff volume generated from that catchment
ii) Total infiltration volume at the period

~ = {ii) Calculate time from the start of rainfall from which runeff started. —— - - .
iv) Show your all (above three) results in infiltration curves

4. a) The stage and discharge data of a river are given below. Derive the equation of rating
curve (stage-discharge relationship) to predict the discharge for a given stage. Assume
the value of stage for zero discharge as 161.0m.

(8]

Stage (m) 1613 | 161.7 | 161.9 | 162.8 | 163.4 | 163.8 | 164.5 | 1654 | 165.7

Discharge (m’/s) 30 120 210 450 650 825 900 | 1000 | 1050

rd

b) Describe the principle'of slope-area method for the measurement of flood discharge in
a stream. Explain the procedure to compute peak discharge using method.

5. A 1 hour unit hydrograph of a small catchment is triangular with peak value of 3.6 m’/s

. / occurring at 2 hours from the start and a base time of 6 hours. Following urbanization

over a period of two decades, the infiltration index ¢ has decreased from 0.7cm/h-to
0.4cm/h. Also one hour unit hydrograph has now peak of 6.0 m 3s at 1 hours from start

and time of base is 4 hours. If a design storm has intensities of ‘4cm/hour-and 3em/h for
two consecutive one hour intervals. .

a) Estimate the percentage increase in the peak storm runoff due to urbanization.
b) The volume of flood runoff due to urbanization.

6. The project life of headworks is 50 years. The flood discharges at risk 63.58303% is
" 4200 cumes. The average flood is ;wcumec which is derived from long term historical
data using Gumbel distribution. Calculate the discharge from 500 year return period and
risk 39.49939%. Prepare a Gumbel graph paper usmg normal arithmetic graph paper. Plot
these three discharges on Gambel paper.

7=7. What is hnear reservoir? Explain the procedure to obtain Clark UH from time area

method.

ok

[3+3]

[14]
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.. ra)

b)

c)

d)

b)

)

a)
b)

What is a water balance equation? Write its significance in engineering hydrology.

Estimate the average depth of precipitation over the drainage basin with following
data.

Isohyetals (Intervals, cm) 15-12 1 129 1 9-6 | 6-3 | 3-1
Inter-isohyetal area (km?) 92 128 | 120 | 175 | 85

A catchment has seven rain gauges. In a year the annual rainfalls in cm, recorded at
these gauses are 130, 142.1, 118.2, 108.5, 165.2, 102.1 and 146.9. For a 5% error in
the estimation of mean rainfall, calculate the minimum number of additional rain
gauges required to be established in the watershed.

Explain the use of Double Mass Curve with sketch.
Discuss briefly the various hydrological losses from precipitation.

Estimate daily evaporation from a lake at 30°N for April by Penman method with

following mean monthly data. -

Ta Kelvin RH,% | n,hrs | u), m/s | H,, mm/day | N, hrs
293 65 10 1.2 14.8 12.9

A storm with 20 cm of precipitation produced a surface runoff of 12cm. Estimate the

@ index of the storm.

Storm time(hr) 1 2 3 4 5 6 7 8

Rainfall (cm/hr) | 0.7 | 22 | 30 {46 | 3.6 | 3.2 { 20 | 0.7

Define rating curve and explain its uses in hydrology.
Determine the stage corresponding to zero discharge for following data of a smooth

rating curve.

Stage (m) 20.80 | 21.42 | 21.95 | 23.37 | 23.00 | 23.52 | 23.90

Discharge (m’/s) | 100 | 200 | 300 | 400 | 600 | 800 | 1000

c)

Differentiate Velocity-Area and Slope-Area methods of flow estimation.

The ordinates of a 6-h unit hydrograph are given below. A storm had three successive 6-h
intervals of rainfall magnitude of 3.0, 5.0 and 4.0cm respectively. Assuming an index of

0.20cm/h and a base flow of 30m®/s. Determine and plot the resulting hydrograph of flow.
“Time (i) 0 [ 3 16 9 [ 1211824 [30]36[4az] 48] 54]60]66
6 U ordinate | 5 | 150 | 250 | 450 | 600 | 800 | 700 | 600 | 450 | 320 200 { 100 | 50 | 0

a)

Bﬁeﬂy describe the procedure of flood estimation by Log Pearson III method.

(4]

(4]

[4]
(4]
(4]

]+

(4]

(4]
(5]

(5]

[14]

B



b) A highway-bridge has to be designed with an expected life of 50 years and an
allowable flood risk of 4%. The flood data of bridge site were well fitted to Gumbel
EV distribution and discharges. for 50 and 300 years return period are found to be 150
and 650m’/sec respectively. Estimate the frequency and magnitude of design flood for
the bridge.

6. A drainage basin has area =157km? storage constant K= 9.5h and time of
concentration = 7h. The following isochrones area distribution data are available.

Determine the IUH of this catchment.

Time(h) 4011121231341 45|56 | 6-7
Inter-isochrone area (km®) 10 {38 12045 [ 32 (10| 2
* k%

[9

(8]

wd

S
w4
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J

The following are the ordinates of the hydrograph of flow ﬁom a catchment area of
700km” due to a 6-h rainfall.

Time(Hour) 0

6

9

12 | 18

24 30

33 | 36

42 48,

541 60

66

72

Discharge(m’/s) | 40

65

140

215 | 360

400 | 350

330} 270

205 | 145

100 | 70

50

40|

a) ,Derive the ordinates of 6-h unit hydrograph

hours duration rainfall and an average storm loss of 0.25cm/hr

) Calculate the flood hydrograph for two successive storms of 9.5 and 12.5 cm of 6
I

y a) Describe the statistical approach for estimating the floods of required frequencies
(design floods) when annual maximum floods of few years are available.

b}, Compute the stream flow from following data. The calibrated equation of current
meter is; V = 0.045 + 0.76N, where V is in m/sec and N is revolution/sec.

7.0

Distance from bank (m) 0 | 06 | 1. 5125 35| 50| 6.0 7.5
Depth (m) 0 03107512 |17 ]13107]03 0
No. of Revolutions 0 15 95 1110 | 120 | 110 80 | 20 0
,Tlme (sec) 0 _4.5 . 85_ 2 55..90 1100 1 .70 ; 40.: O

3, oa) Descnbe various forms of prempltatlon

‘t)/ A-4 hour storm occurs over a 80km’ watershed. The details of the'catchrﬁent are as

follows.
Sub,basin(kmz) ¢ index (mm/h) 1* hour Hg‘%rgosralniﬂlh(;nufl ) 4" hour
15 10 16 48 22, 10
25 15 16 42 20 8 -
35 21 12 40 18 6
-5 16 15 42 18 8

Calculate the runoff from the catchment and the hourly distribution of the effective
rainfall for the whole catchment.

4. \ajln a recuperation test, the static water level in an open well was depressed by pumping
by 3m and it recuperated 1.5m in 1 hour. If the diameter of the well is 3.0m and the
afe working depression head is 2.4m, find out the average yield of the pump.

y/;escribe the hydro-geo-morphological characteristics of rivers with sketches.

[16]

(8]

[4]

(12}

(8]
(8]




A

T
1
: |
- 5. Calculate the discharge of a stream having a high water surface elevations noted at '
two sections A and B, 10km apart. These elevations and other salient hydrauhc
properties are given below. 18] ""I
. Water Surface | Area of x-section | Hydraulic Radius ! L
- .4 Section | N SRR e 8
: . : e elevatlon (m), . ~ (m) - (m).. o a3 AX
A 104.77 - 73.293 2.733 ' ' ‘
B 104.500 93.375 3.089
- The eddyless coefficient is 0.3 for gradual expansion, 0.1 for gradual contraction and =
Marning’s roughness is 0.02. - ‘
How is the double mass curve technique used to check the consistency and adjust the
; rainfall at a suspicious station? Explain with sketch. - (8]
{ 6. ,29/ What is a rating curve? Write down a standard equation for a rating curve. Explain in T
/ﬂetail the procedure to estimate the parameters of that rating equation. [1+1+8] P
. . o o . . Iy
'; b) Prepare a Gumbel probability paper from an ordinary graph paper provided to you. 1 Gher ‘
‘\ . ***."{“"_‘ ‘ » h:‘;”w’;.» B
] ' : e
o L
. '\
{
I |
|
...:"\ . L
j i
\ L - i I I{
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A 1-hour unit hydrograph of a small catchment is triangular with peak value of 3.6 m’/s
occurring at 2 hours from the start and a base time of 6 hours. Following urbanization
over a period of two decades, the infiltration index ¢ has decreased from 0.7cm/h to .
- 0.4cm/h. Also one hour unit hydrograph has now peak of 6.0 m*/s at 1 hour from start and
time of base is 4 hours. If a design storm has intensities of 4cm/hour and 3cm/h for two

consecutive one hour intervals, estimate

|

[16]

a) the percentage increase in the peak storm runoff due to urbanization.
b) the volume of flood runoff due to urbanization.
= 2. a) Briefly describe the role of ground water in irrigation development. . [6] é
b) Calculate the daily potential evaporation by Penman method using following data:
- Latitude = 27.5°N, Elevation = 1400m above mean sea level, mean monthly :
A ’ temperatire = 10°C, relative humidity = 70%, mean observed sunshine hour = 7h,
wind velocity at 2m height = 80 km/day, the ground surface is observed with géen ;
- grass, Albedo = 0.15. Saturated vapor pressure at 10°C = 11.4mm of hg, Slopefiof
saturated vapor pressure = 1.24 mm/°C, Psychrometric constant = 0.49mm/°C, and
Boltzman constant = 2.01x10™ mm/day. [10]
= 3. a) In a 140-minute storm, the following rates of rainfall were observed in successive
20-minute intervals: 3.0, 3.0, 9.0, 6:6, 1.2, 1.2 and 6.0 mm/hr. Assume the ¢ index
value as 3.0 mm/hr and an initial loss of 0.8mm. Determine the total rainfall, net
- ~ runoff and w-index for the storm. , [6]
b) For a drainage basin of 600km?, isohyetals drawn for a storm gave the following data: [4]
. Isohyetals intervals (cm) 15-12 | 12-9 | 9-6 | 6-3 | 3-1
Inter-isohyetals area (km®) 92 128 | 120 | 175 | 85
- Find the average rainfall over the basin.

c) What is rating curve? What are the factors affecting run off? Explain. ’ [2+4]
— 4. a) Followings are the data obtained from a stream gauging station. A current meter with
a calibration equation V = (0.32N + 0.032)m/s where N = revolutions per second, was

used to measure the velocity at 0.6 depth. Calculate the discharge in the stream. [10]

- Distance fromright | o | 5 | 4 | ¢ | o | 12| 15| 18|20 |22]23}24
bank (m)
Depth (m) 0 105 | 1.11.952.25|1.85]1.75|1.65]1.50| 1.25|0.75] 0
- No. of Revolutions | 0 | 80 | 83 | 1311139 | 121 |114[109] 92 | 85 | 70 | O
Time (sec.) 0 1180 1120 1 120 | 120 | 120 | 120 | 120 ]| 120 | 120 | 150] 0

[6]

b) Explain slope area method for estimating discharge of a stream.




v&wwxw,. AR

. Using 30 years data and Gumbel's method the flood magnitudes, for retum periods of 100

and 50 years for a river are found to be 1200 and 1060 m’/sec respectively.
(y, =0.5362 and S, = 1.1124).

a) Determine the mean and standard deviation of the data used.

b) Estimate the magnitude of a flood with a return period of 500 years.

c) What are the 95% confidence limits for this estimate if f{95%) = 1.96.

d) What is the probability of the flood equal to or greater than a 500-year flood occuring
three times in the next 10 years?

a) A 30cm well fully penetrates an unconfined aquifer of saturated depth 25m. When a
discharge of 2100 lpm was being pumped for a long time, observation wells at radial
distances of 30 and 90m indicated drawdowns of 5 and 4m respectively. Estimate the
co-efficient of permeability and transmissibility of the aquifer. What is the drawdown
at the pumping well?

b) Describe the four important hydro-geomorphological characteristics of a river.

& % %k
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1. Unit hydrograph of 3h duration from a catchment area of 524.88 ha has peak discharge value after

9 hours from the start of the storm. It has half of the peak discharge value at
3 hours and 15 hours after the start of storm respectively. If time base (t,) is 30 hours, constitute
the unit hydrograph and calculate the flood hydrograph from the following rainfall data. Assume

the Phi index ($) as 0.333 cm/hour and base flow as 20 cumecs.
Time (hours) 0 6 9
Cumulative Rainfall (cm) 0 12 12

2. The project life of a headworks is 50 years. The flood dischafges at the risks 63.6% and 39.5% are

4200 cumecs and 5800 cumecs respectively, which is derived from long term historical data using

Gumbel distribution. Calculate the discharge from 500 years return period. Plot these three
[16]

discharges on Gumbel paper.
3. a) Write down the factors affecting evapotranspiration.

b) Calculate the potential evapotranspiration for an area over Kathmandu in the month of
February by Penman Method. The following data is available.

(16]

12
23

Mean Monthly Temperature : 12.5°C
Mean RH : 70%

Mean Sunshine Hours: 7 h

Potential Sunshine Hours: 11.9h

Wind Velocity at 2m Height = 120 km/day

Albedo : 0.15
. Upper Terrestrial Solar Radiation : 9mm of water/day

Other values:

Latitude : 28.50
Longitude : 84.50
Saturated Vapor Pressure at 12.5°C : 11.4mm of Hg

Slope of Saturated Vapor Pressure : 1.24mm/°C
Psychrometric Constant : 0.49mm/°C
Boltzman Constant : 2.0x10™ mm/day
a) Depth of a triangular shaped river is 3m. Its top width is 10m. The maximum depth of the
river is at 4m from the one side. The top velocity of the river measured at 3.0 and 7.0m from
the same side are 1.5m/s and 1.8m/s respectively. Calculate the discharge of the river. [8]

4.

b) Explain slope area method for discharge calculation.

\% a) Explain different types of rain gauges with neat sketch.

- 'b) There are four rain gauges at four corner of a rectangle. The two sides of rectangle are 100km
and 150km. The yearly rainfalls of four gauges are 1200mm, 1300mm, 1500mm and 1100mm
respectively. Calculate the average rainfall by Theissen polygon method. (4]

(4]

¢) Explain @ (Phi)-index and W-index.
\/é./ a) Explain hydrological cycle. ' (4]
b) Define floods. Enumerate the causes, effects and mitigation of floods. [1+5]

¢) In arecuperation test, the static water level in an open well was depressed.using pumps by §m
and it recuperated 1.5m in 1 hour. If the diameter of the well is. 3.Qm and the} safe W01_"k1ng
depression head is 2.4m, find out the average specific yield of the soil and specific capacity of [6]

the soil.

= - dokk :




