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Attempt All questions.
The figures in the margin indicate Full Marks.
Semi-log graph is provided.

Assume suitable data if necessary.

a) In a certain catchment, inflow rate into the catchment due to rainfall is given by
* equation =2t m%s. If loss n the catchment is neglected, determine the change is

Candidates are required to give their answers in their own words as far as practicable.

storage in catchment with in 3 hr duration. . [4}
b) Justify the uses of Hydrology in Engineering Design. [3]
For a station A, the recorded annual 24 hr maximum rainfalls are given below. = [8]
Estimate the 24 hr maximum rainfall with return periods of 50 years by using provided
semi log graph. -
Year 19501 51 | 52 |53 |54 | 55|56 |57 1585976061 62163164165
Ppt (cm) | 13.0 [12.0[ 7.6 [14.3]16.0/ 9.6 | 8.0 [12.5[11.2| 8.9 | 8.9 7.819.0(10.2{85]7.5
a) Calculate PET for May month by Penman method.
Mean monthly temperature = 20°C
Mean RH =75%
Mein Sunshine hoar = 10 hr.
Potential Sunshine hour = 13.5 hr.
Wind velocity at 2m height = 8 km/hr.
Albedo =0.028
Upper terrestrial solar radiation = 14.4 mm of Hg/day
Latitude = 27°% Longitude = 86°
Saturated vapour pressure at 20°C = 11mm of Hg
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 2 3 4 5 6 7 8
Incremental rainfall in each hr (cm) | 0.6 {1.35[225(345| 27 [ 24 | 15 1 0.75
Estimate the ®-index of the storm. ' [5]
a) 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]
U/S Section Middle Section D/S Section
Area (m®) 105.75 102.63 96.63
Wetted perimeter (m) 64.25 60.20 58.00
Gauge Reading (m) 319 - 313.15
Manning's Roughness 0.025 0.027 0.029
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 stage discharge relationship. What are the causes of shifting

control?

[1+2]



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 ms respectively. Obtain the ordinates of a 3 hr UJ of the basin
using the s-curve technique. e

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.

if) Compute 90% confidence limits for above floods, using f{c) = 1.6 for 90%
confidence level respectively.

[10]

b) Explain the rational method of determining the floods. Also Write down its

limitations. [6]

A drainage Basin has the following characteristics: [6]

Area=110 sz, Time of concentration = 18 h, Storage time constant = 12 h and inter-
isochrones area distribution as below:

Travel Time (h) 02 | 2-4 | 46 | 68 [ 810 | 10-12] 12-14 14-16 | 16-18

Inter-isochrone area (km?) | 3 9 20 1 22 1 16 18 10 8 4

Determine the Clark's 2h-IUH for this catchment.
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Attempt All questions.

The figures in the margin indicate Full Marks,
Semi-log graph is provided.

Assume suitable data if necessary.

Candidates are required to give their answets in their own words as far as practicable.

- a) In a certain catchment, inflow rate into the catchment due to rainfall is given by

- equation I=2t m’s, If loss n the catchment is neglected, determine the change is

storage in catchment with in 3 hr duration. . [4}
b) Justify the uses of Hydrology in Engineering Design. [3]
For a station A, the recorded annual 24 hr maximum rainfalls are given below. =~ [8]
Estimate the 24 hr maximum rainfall with return periods of 50 years by using provided
‘semi log graph. ‘ : o
Year 1950151 152 {53]54155(56157 5859|6061 62163]64165
Ppt (cm) | 13.0 [12.0] 7.6 {14.3]16.0/ 9.6 | 8.0 {12.5[11.2/ 8.9 { 8.9 | 7.8 { 9.0 |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 kmn/hr.
Albedo=0.028
Upper terrestrial solar radiation = 14.4 mm of Hg/day
Latitude = 27°% Longitude = 86°
Saturated vapour pressure at 20°C=1Immof Hg
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 7 2 3 4 5 6 7 8
Tncremental rainfall ineach hr (em) | 0.6 113512251345} 27 | 24 | 1.5 {075
Estimate the @-index of the storm. : [5]
a) 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]
U/S Section Middle Section D/S Section
Area (m°) 105.75 102.63 96.63
Wetted perimeter (m) 64.25 60.20 58.00
Gauge Reading (m) 315.5 - 315.15
Manning's Roughness 0.025 0.027 0.029
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 stage discharge relationship. What are the causes of shifting
control? -

[142]



. a} i}e:f ne unit hydrographs and explain the uses of hydrograph.
b} The ordinates of a 4 hr UH of a basin area of 300 km?, Three hundred square km
- measured at 1-hr mtemals 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 respectwely Obtam the ordinates of a 3 hr UH of the basin
using the s-curve techmque o

. ) Inthe time series data of annual peak ﬂood for 75 years, the mean and standard
devzatxcms are found to be equal to 5561 m*/s and 17 18m s :espcgswely Using

yn =0.556and S,=1.189 (for 75 yrs).
1) Determine the peak flood for 0.4% probability of excecdencc by Gumbel's

method.

i} Compute 90% confidence hmxts for above ﬂoods, usmg flc)= 1 .6 for 90%

confidence level respectwe}y

| b) Explain the rational method of detenmnmg the floods. Also Write dnwn its.

limitations.

. A drainage Basm has the foliamag characteristics:

Area =110 Km?®, Time of concentration = 18 b, Storage time constant = IZ k and inter-

isaochrones area d‘stnbutxon as below '

51

[10]

{4%4]’

6
Of

| Travel Time (h)

0-2

2-4 | 4-6

68

810

;10-12‘-

12-14

 14-16

[16-18 |

Inter-isochrone area (ki) |

3

9 20

2

16

18

Determine the Clark's 2k-IUH for tEns catchment.
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v’ Attempt Al questions.
v’ The figures in the margin indicate Full Marks.
v A4 seperate graph paper is provided.
v’ Assume suitable data if necessary. _
1. Explain hydrologic cycle with neat sketches and justify its need in Engineering
Hydrology. " [3+2]
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. [6]
T(LT)" 06:00 | 06:30 | 67:00 | 07:30 | 08:00 | 08:30 | 09:00 | 09:30 | 10:00 | 10:30 | 11:00 | 11:30 | §2:00
Ramfall | o | ¢ Vg | s | 8 | 5 | o (.13 6 | 4| 3|20
(mm) ; .
3.. a) Explain the water budget and energy budget methods for estimation of evaporation.  [3+3]
b) The mass curve of an isolated storm in a S00ha watershed is as follows:
Time from strat (h) 0214|618 10) 12 |14 | 16 | 18
cumulative rainfall (cm) | 0] 0.8 (26|28 {4.1{73]108]11.8]124 126
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’. [5+1]
¢) Differentiate actual and Potential Evapotranspirations. 31
4. a) Following are the data of gauge and discharge collected at a particular section of the
river by stream gauging operation. [6+2]

i) 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.

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

station.

Gauge reading (m) | Discharge (mr’/s) | Gauge reading (m) | Discharge (m’/s)
7.65 15 8.48 170
7.7 30 8.98 400
7.77 57 9.30 600
7.8 39 9.5 800
7.9 60 10.5 1500
7.91 100 11.1 2000
8.08 - 150 11.7 2400




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

. a)

b)

. Q)
b)

Distance fromrightbank m) | 0] 2 [ 4 [ 6 1 9 112 ] 15 |18 20
Depth (m) 0105011.1061190122 1181170710
Number of revolutions 0| 80 | 83 |1301121(116[100190 ] 0
Time (s) ol170 1101 100 [100}100]100] 901 0

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

Following are the ordinates of hydrograph from a catchment area o 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,

18]

[3+3}

[10]

t (hr) 0161121181 2413036 4248 | 54 [60]66]72

?;3?;”36 40 1651215 1 360 | 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 yielded 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

.oa)
b)

85%.

i) Using Gumbel's Method recommend the flood discharge for this project. Take.

©y=0.5252 and S,=1.0696 for 21 years.

- [343]

[4+4]

i) 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:

Travel Time (hr) ] 02| 2-4 |46 6-8 | 8-10 | 10-12 | 12-14 | 14-16 | 16-18

Tnter-isochrone area (km?) | 4 | 10 [21]24 | 18 1 20 | 12 | 9 5
Compute the flood hydrograph by using Clark's IUH. ‘

BT

(6]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. :

~ The figures in the margin indicate Full Marks.

Semi-log graph is provided. '

Assume suitable data if necessary.
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1. a) In a certain catchment, inflow rate into the catchment due to rainfall is given by
- equation I=2t m*/s. If loss n the catchment is neglected, determine the change is
storage in catchment with in 3 hr duration. . [4]
b) Justify the uses of Hydrology in Engineering Design. - [3]
2. For astation A, the recorded annual 24 hr maximum rainfalls are given below. ?~ [8]

Estimate the 24 hr maximum rainfall with return periods of 50 years by using prov1ded
‘semi log graph.

Year 1950] 51 | 52 [ 53 154 55 |56 | 57 | 58 |59 | 60| 61 | 62 | 63 | 64 | 65
Ppt (cm) | 13.0 [12.0] 7.6 |14.3]16.0| 9.6 | 8.0 112.5/11.2/8.9{8.9] 7.8 | 9.0 {10.2] 8.5[ 7.5

. a) Calculate PET for May month by Penman method.
- Mean‘monthly temperature = 20°C

MeanRH =75% :

" Medn Sunshine hoar = 10 hr.
Potential Sunshine hour = 13.5 hr.
Wind velocity at 2m height = 8 km/hr.
Albedo=10.028
Upper terrestrial solar radiation = 14.4 mm of Hg/day
Latitude = 27°% Longitude = 86°
Saturated vapour pressure at 20°C = 11mm of Hg
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 2 1 3 4 5 6 7 8
Incremental rainfall ineach hr(cm) | 0.6 | 135122513451 27 { 24 | 1.5 1 0.75
Estimate the ®-index of the storm. - [5]
4. a) 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]
U/S Section Middle Section D/S Section

Area (m?) 105.75 102.63 96.63

Wetted perimeter (m) 64.25 60.20 ‘ 58.00

Gauge Reading (m) 315.5 - : 315.15

Manning's Roughness 0.025 0.027 0.029

Determine the stream discharge for length between U/S and D/S sections das 260 m
assuming coefficient of contraction Keas 0.1.

c¢) Define shifting control in stage dxscharge relationship. ‘\Vhat are the causes of shifting
controt? : [1+2]



W

-~ Determine the Clark's 2h-IUH for this catchment.

- a) Define unit hydrographs and explain the uses of hydrograph. - (3]

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, B

_ [10]
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=10.556and S,=1.189 (for 75 yrs). T . - [4+4]
i) Determine the peak flood for 0.4% probability of exceedence by Gumbel's
method.
-ii) 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]
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) 02124 | 46 | 68 | 810 10-12 342-14 14-16 16-18
Inter-isochrone area (km?) | 3 9 20 | 22 |16 18 | 10 8 4

k¥
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. : '

The figures in the margin indicate Full Marks. .

Assume suitable data if necessary.

a) Define hydrology and write on history of hydrometeordlogy studies in Nepal.
b) Describe with a neat sketch the principle of working of a tipping bucket type

_ recording rain gauge. What are ifs advantages and disadvantages?

¢) A catchment area has seven rain gauge stations. In a certain month the precipitation

a) In a 3.5 hr storm following rates of rainfall were observed in successive 30 min .
intervals as 4, 4, 12, 8.5, 5, 5, and 8.6 mm/hr respectively. Assuming ¢-index of =

record of station D could not be measured due to the failure of instrument. Estimate
the missing precipitation of D from the following data available given in the table
below. '

Stations A|lBIC|DJ|E F | G
Monthly Ppt. {cm) 127 185|761 - | 5288197
Annual normal Ppt. (cm) | 188 | 210 | 152 | 175 246 | 270 1228

dmm/hr and the initial loss of 1.2 mm; determine the total rainfall, net runoff and W-
index. g ' '

') Explain the use of a lysimeter in measuring evapotranspiration.

¢) During a daily routine observation 10.8 litres of water was added to bring the water

surface in the evaporation pan to the stipulated level and the nearby raingauge
measured 3.6 mm of rainfall. What was the evaporation recorded for the day if the
diameter of the pan is 122 cm?

a) During a high flow water surface elevations of a stream of trapezoidal section with

' base width of 10m and side slope 2:1 (H:V) were noted at two sections A and B, 10

km apart as below. Find the flow discharge in the stream.

Sections | Elevation of Water Surface Remarks
Bed (m) Elevation (m)
A 503.25 - 505.95 Manning’s Constant = 0.025
B 502.85 504.20 Eddy.loss coefficient of 0.30 for
expansion and 0.10 for contraction.

b) Write the equation of the rating curve and explain with figure how the stage for zero

discharge is determined?

(5]

[6]

(6]
(5]

[5]

(8]

[6]



4. @) The ordinates of 4 hr unit hydrograph are given béI}ow.

[ Time () 67214168 [i0]12]14]16]18[20[22]24
[4-hr UH ordinates (m/s) [0 [912]2840]52149136[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. ‘

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%. - e
(i) Using Gumbel’s method predict the flood discharge for the project if thé‘_value of
yn=0.5402 and Sn= 1.1285. ‘ :

(i) 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. '

(iif)Calculate the confidence limits at 95% confidence probability f{c) = 1.96

5. Route thé_ 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
aftenuation. ‘

. [Time() |06 [12]18[24[30]36[42]48]54
[ Tnflow (m/s) | 1020 [ 50|60 |55 [45[35[27[20]15

sk

(12}

[12]

[10]
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Candidates are requized to give their answers in their own words as far as practicable.
Attempt Alf guestions.

The figures in the margin indicate Full Marks.

Assume suitable dataif necessary.

. a) Explain double mass curve method for checking a rainfall data for consistency.

b) What factors 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
carrying a flow of Im 3/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

s due to a storm.

by C&Igume the potential evapotranspiration from an area near Dharan, Sunsari in the

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

- Mean observed sunshine hour: 10 hr

3. a)

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

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

Wind velocity at 2m height: 80 kim/day
Psychrometric constant : 0.49mm of Hg/°C ~ Reflection coefficient:0.20

ew : 20.4mm of Hg, A: 1.24mm/°C b =0. 5%" H, = 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) 101051 1 | 151 2 |25) 3 13514]4515

Cumulative rainfall (cm) [0 0.6 | 141192837 ]54162]7]7.8]82

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 8-
curve method.

(6]
[4]

(6]
(6]

(o]

[6]

Time (hr) 0121 416 ] 8 J10] 12 14]16]18]20]22]24

(m’/s)

Ordinates of 2-h UH | 0 [ 25| 100 | 160 | 190|170 | 110 {70 .30 {20|15| 6 | O

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]



b)

Compute the stream discharge with the following data.

Distance from leftbank {0 2 | 4 | 6 | 8 | 10 {12
Depth (m) -10912412211.0/06] -
Velocity at 0.2d -10610910710%04]| -
Velocity at 0.8d -104]0.6/05|04]03] -

Explain briefly the basic principles involved in the developments of IUH by Clarks’
method.

Following coordinates are obtained from a stream gauging stations: (4m’/s, 9.55m),
(8m>/s, 9.75m) and (16m’/s, 10.15m). Determine the equation of rating curve and
compute the discharge in the stream corresponding to a stage of 10.40m.

Explain the MIP and WECS methods to determine the mean monthly flows of an
ungauged river basin.

A bridge has an expected working life of 40 yéars and is designed for a peak flood of
100 years return period. Estimate the risk of failure of this bridge. If a risk of 15% is
acceptable, what should be the return period for it?

Route the following flood hydrograph through a river reach for which Muskingum
coefficient 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
| Inflow (m3/sec) [ 14 [ 27 [ 60 | 150 | 135 | 115 [ 85 | 65 | 30 15

-

gk

(6]

[4]

[61

[4]

(6]

[6]
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Attempt AUl questions. :
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Assume suitable data if necessary.

Explain Water balance Equation and explain each process. - [4]

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.’ [12.‘].‘

a) 'fif‘Exp_lain energy balance equation and derive evaporation .equation_usihg Bowen'sratio. [4]
= _'”’b For a storm of 3 hours on 50 ha catchment, the rainfall rates are as follows: [61 «
- [Time of rain from beginning (min): [0 [30 145 [75 |100° 1125 | 150 180 |
Rain fall rate (cm/hour): 10 125 [35 |20 |48 |52 |18 |53 |

 Ifthe ¢ index of this basin is 2.5 em/hour, calculate total rainfall, runoff in (cm).and
* peal discharge. : g : ‘
¢) ‘Explain interception and depression storage losses. How these losses are estimated
during hydrological analysis. ' ; [2+2]
a) Explain how stage discharge relationship is esfablishpd. {41
b) Explain the procedure of stream flow measurement by area-velocity method. Also,

deseribe the mid section method for discharge computation using sketch and

equations. “ [3+3]

b) What factors should be considered in selecting a site for stream gauging station. [4]

" 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 r2.0',cni_/h for a period of 4 h followed
immediately by another 3 hstorm 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 1is
negligible. ’ ; : - [10].

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]




6 a) The annual peak d1scharge of a river follows the Gumbel‘s extreme value distribution - it
.. 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 dlscharge with an exceedance probablhty of 0. 1'7 [Hint:

128255B u-0asa R o | _—

'b) Differentiate between contintious and discrete random variables. Give examples each
~ in hydrology. Give three formulae which are used to determine the return period. [ 142+3]

7. The ordinates of the mﬂow hydrograph at 6 hr 1nterval are as follows:. = S [8]

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

Disclalarge 0|50 | 2806101290 | 1900 | 2130 1900 1600 | 1440 106;‘0 780 | 500 | 370 | 220 | 130
(m’/s) :

The discharge over the splllway Crest and the surcharge storage above the crest for dlﬂ'erent
‘ water surface elevations are as follows: , _
Water surface elevation (m) | 140 [141 [142 [143 | 144 ] 145 146 |-
OQutflow Discharge (m’/s) 0 1170 [ 482 |883 |1360 | 1905 -|2500 : UE oy
Storage ><10"(m) | 1000 | 1’,‘5;‘0 350 |60.0 950 |140.0 {2400 | o 18E

Determme - PR A AN

- i) Maximumreservoirlevel - . P TEERMR
4 i) Maximum outflow rate
iii) Reduction in the peak

Cookkck

:

e
8
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Attempt All questions.
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Assume suitable data if necessary.

NENENENEN

N

stations in can are given below for the period of 36 years starting from 1941

i) Check whether the data of starting X is consistent
ii) In which year a change in regime indicated?

Candidates are required to give their answers in their own words as far as practicable.

. Bxplain 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 . .-

[6+1+4+3]

iii) 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.

. ’fii/)l{: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 "t",
. Also draw graph showing infiltration and total infiltration vs time.

: . b) Calculate the potential evapotranspiration from an area near Simara, Bara, in the

Latitude: 27N

Elevation (from msl): 107 m

Mean monthly temperattué: 23°C

Mean relative humidity: 75%

Mean observed: sunshine hour: 10
Wind velocity at 2 m ﬁeight: 85 km/day

Nature of sunshine cover: closed ground green crop

(Given:
A 1.27mm/ “C

H, = 15.00 mm of evaporable water per day

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

o= ‘Saturated vapour préssure at 23°C = 21.04 mm of Hg

~month of April by Penman'’s formula. The following data are avaiiable.

'{44}2]

[10]



4» a) Calculate the flood discharge of a stream by the s,lope area method given the

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 [2-3 [34 [4-5 [56 [67 |78
Inter-isochrones area (Km*) |12 [40 [26 [36 28 [18 [8 |4

Determine the IUH for this catchment.

EE 2

followmg data: [12]
Upstream flow area = 3500 m?
Upstream wetted perimeter = 650
Upsiream velocity head coefficient = 1.17
o Down stream flow area = 3250 m”
Down stream wetted perimeter = 621 m
- Down stream velocity head coefficient = 1.21 -
Falling difference = 0.4
Reach length = 1300 m
Manning's coefficient n = 0.03
... + 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: [81
0.5,44.5,110.5, 85.5, 102.8, 94038418610953 2.9, 0.5 m’/s L
w40 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 dxstrlbu’uon has
- 100-years and 500-year return period flood .of magnitude 9900 m>/s and 12100 m3/s
“respectively. The sample size is n = ?s().{yn =0.536, 5, =1.1 124} ’ {4+4+3+3]
i) What is the magnitude of 200 year and 1000 year flood?
" ii) What are 95% and 80% confidence hmlts for 200 year and 1000 year flood if
£(95%) = 1.96 and f (80%) =1.28
iii) A hydraulic structure of 25 year life was demgned for 12300 m /s peak flow. What is
the hydromglc risk of the striciure? '
" 1v) What peak flow should ve :aken into, consideration 11 you waut the structure 0 Oe
‘ 99% reliable for a structure life of 25 years. :
7 A drainage basin has the following Characteristics, {41



J ST

v’ Candidates are fequired to give their answers in their own words as far as practicsge” . -
v Attempt All questions. N
v The figures in the margin indicate Full Marks. o » P o
v Necessary tables are attached herewith. <7 : &
v Assume suitable data if necessary.
1. a) Justify the importance of study of Hydrology in civil engineering work. o (4]
b) The catchment area of a reservoir is 1400 ha. A uniform precipitation of 6 mm/hr for
5 hour was observed on particular day. 55% run off reached the reservoir. A canal
carrying a flow of 1 m’/s is taken from the reservoir. The rate of evaporation was 0.5
mm/h/m?. Assuming seepage loss is 45% of evaporation loss, find the change in the
. reservoir level for 6 hours, if the water spread of the reservoir was 45ha. (6}
2. Annual rainfall at station X and the average of the annual rainfall at 15 nearby rain gauge
' stations for a period of 35 years is given below. ‘ [8+3+4]
- i) . Examine the consistency of the data at station X . _ "
~ ji) “In which year did a change in regime occur? Discuss the possible reasons
iii) Determine the average annual rainfall at X for 35 years first without adjusting the
data and later with adjustment for the change regime.
3. How you will interpret the Energy balance in a water body? Develop the relation for daily
Lake Evaporation using Energy-Budget method. [2+5]
4. a) What are the factors that affect the runoff from a catchment? , 31
b) The data pertaining to a stream-gauging operation at a gauging site are given below.
The rating equation of the current meter. is v = (0.55 N+0.04) m/s where N is
revolution per second, Calculate the discharge in the stream. [8]
Dist form Left edge (m) 0 [10 [40 [70 [10.0 [13.0 [16.0 17,0
Depth (m) ’ 0 |15 125 |35 |24 122 1.3 |0
Revolution of current meterat 0.6d 1 0 | 40 60 120 {125 150 40 0
Duration of observation (s) 0 | 100 | 100 |150 {150 | 100 |100 |0
¢) Define rating curve and describe its uses. [3]
5. The ordinate of 4n-uH are given: [16]
Time(hr) {0 [2 1[4 6 8 10 (12 [14 |16 [18 |20 (22 |24
Ordinate |0 |30 | 100 | 150 {200 {160 |120 {80 |40 |30 20 |6 |0
(m’/s)
A catchment has rainfall of 3.5, 2.5 and 4.5 cm in three consecutive two hours period.
Assuming an average ¢ index of 1.25 cm/hr and base flow of river is 50 m*/s, Determine
the flood hydrograph of the catchment.
e r r . ’ \‘ - P
f | A D TR foo0
| A
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6. a) The data of observed flood peaks of a river for a peﬁod of 30 years is found to plot as

a straight line on semi-log paper with return period plotted on the 1o§arithmic scale.

The largest and smallest floods in the record are 1170 m’/s and 195 m’/s respectively.

If 1350 m’/s respectively. If 1350 m’/s is selected as a design flood, what is the
probability of its being exceeded during the next 20 years? [7]

b) Prove that for a large sample as per Gumbel's distribution, the mean annual flood will
have a return period of 2.33 years. {5]
7. Explain the procedure of obtaining Clark IUH. - . [6]

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

The figures in the margin indicate Full Marks,

Assume suitable data if necessary.

RN NN

1. Define the following terms: hydrological cycle, runoff, water balance and catchment.

The catchment area of a basin may be approx1mated 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: Lhe

™

position coordinates of the rain gauge stations are (0,0), (—;—,%J and (-—5—,—5) km. Show

that the Thiessen weights of the gauges are given by 9_-_?_’ (0.5-0.25/7) and (0.5-0.25/7)
T

fespectively.
3. 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
v "V_’"‘68 If the infiltration during this storm can be represented by Horton's equation with

= 6.5 mmvh, fc = 1.5 mm/h and k = 0.15 /h, estimate the resulting runoff volume.
ite down Penman equation and explain all variables and constants involved in it.

; _'Ment}on the factors that should be considered for the proper selectxon of stream
- ganging site.

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

‘ind the drainage density, average length of overland flow, form factor and channel\
lope 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 farthest point (h) = 1090 m
Total length of channels of all order (L) = 654 km

5. a) Describe the procedure of derivation of unit hydrograph from complex storms usigng
appropriate expressions. ,,ﬁ.

b) Given below are ordinates of a 4 h unit hydrograph of a biéisin in m%/s at one h(’?im
intervals. h
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?

6. 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 penod and hence estimate the annual peak
flood with a return period of 30 years.

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

Time (h) 0 |6 |12 |18 [24 [30 |36 |42 |48 |54
Inflow (m*/sec) | 14 |27 |60 | 150 | 135 | 115 |85 |65 |30 |15

e ok

[4]

[12]

[10] -
-

4] .
6] -

[4]

6]

[14]

8]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions. ‘
The figures in the margin indicate Full Marks 120

Assume suitable data if necessary.

ey |

Explam Hvdrologxc cycle and water balance equations. - (
’a) Explain the different’ methods of determining the average rainfall over a catchment

due to a storm. Discuss the relative merits and demerits of the various methods. - [3+43]
b) Explain double mass curve test for rainfall data. ' ‘ 6]
a) Explam briefly (i) Infiltration Capacity (ii) ®-index lake (iii) W-index = _— [6]
b) Ewplam the energy budget method of estimating evaporanon from a lake. - [8]
a) Determine the stage con‘espondmg 10 zero d1scharge from the following data of a ‘

: xatmg curve:

I

Stage (m) __ 20.80 5743 [ 5195 | 2237 | 23.00 | 23.52 | 24.00
Dlschatgu(m s | 100 | 200 | 300 | 400 | 600 | 800 | 1000

b) Fxplam different methods of Stream gauge readmg with sketch. L [61

A hydrograph for a 4,250-acre basin is shown in the accompanying sketch. The given
hydrograph actually appeared as a direct runoff hydrograph from the basin, caused by net.

ram falhng at an intensity of 0.20 i m /hr for a duration of 5 hr, beginning att =0. - [4+3+3+4]
RO S % Note
o , 1 1 3 ' . in=inches
.‘g 700+ I &l ) oo cfs = cubic feet/sec
gg' 800 - \ | i i 12 inches = 1 foot
s [1 ‘ =
g 5001 E : b 1 Acge = 43560 sq.ft
g a00p- [ E N
; 'g 300 - ] ( . : ' .
g 200 4200 ; ': b H ’Zﬂﬂ
. nnle 4 [} - . t TN
4 N R T I B A
0 1 2 3 4 5 6 1 &
Time, ! ‘

(8) Detenmine the excess release time af the basin.

_ (b) What percentage of the dmmage: basin was matszaﬂ&g to direct manoff 4hr m"m gl
began {r = 4)?

{e:} Use your rcspemu topart (b) to deienmﬂe Q0 85 shown in the sketm Do nat soale
&, froon the drawing. »

{ﬁ} Moté that rain continved to fall Betweenr =3 and = S Why did the tydrogrgh

| é?m a glﬂiﬁ@u between ¢ = 3 and ¢ = 5, rather than continue to ris> during et

2. hours?




6. a) Explain Gumble s Distribution functlon Derive ﬁ'equency factor (k) using Gumble's .
distribution, (71

b) The ﬂood dlscharge for 25 and 250 years from fi jtted Gumbe] dxsmbutmn are 90 and

550 m’/sec respectively. Estimate the ﬂood magmtudes for 50, 500 and 1000 years by o
Gumbel analytically. : ‘ mn

. A basin having 128 km? of dramage area has 22 hours and 14 hours ‘of concentration time
and storage constant respectively. Determme the IUH for this basm if mter—lsochrones

area distribution is as below: (8]
Travel time (hr) /| 0-3 | 3-6 65 [ 912 1215 [ 15-18 | 1821 | 2124 | 2427
Areakm’) | 2 | 7 [ 17 | 25 | 31 | 23 | 14 6 3
»

S
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1. Deﬁne Hydrological cycle and watel balance cquatlon Write down a general water
balance equation for a basin. - [4]

2. a) The shape of a catchment is in the form of a pentagon ABCDE. There 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(100,70), D(150,0), E(75,-50), P(50,25), Q(100,25), R(100,-
25) and 8(50,-25). If rainfalls recorded at P,Q,R and S are 90, 105, 114 and 120 mm
respectively, determine the mean rainfall by Thiessen Polygon method. - [6]

Explain the different types of precipitation based on lifting mechanism. [6]

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
.. temperature = 30°C, wind speed at 2 m height = 10 km/h, relative humidity = 60%,
mean observed sun shine hours = 12 and reflection coefficient = 0.03. [8]

The infiltration capacity in a- basin is represented by Horton’s equation as =

fp=3.0+¢2", where fp is in cm/hr and ‘¢’ in hours. Assuming the infiltration to take .

place at capacity rates in a strom of 60 minutes during, estimate the depth of - .
infiltration in (i) the first 30 minutes and (ii) the second 30 minutes of the storm. [3+31 -

4 a) Estimate the flood discharge through a Sm-wide rectangular channel for the following

data. The depth of water is 2m and 1.8m at two section 500m apart. The drop in water
surface elevation is 0.25 m. Manning’s roughness coefficient is 0.025, Assume eddy

loss to be zero. , S {8l
b) The following data were collected for a stream at a gauging station. Compute the
discharge. ' (6]
Distance from one end of | Depth, d | immersion of current meter below water surface
water surface - {m) at (.6d at 0.2d at 0.8d
(m) ' Rev. |Sec. |Rev. | Sec. |Rev. |Sec.
3 14 |12 |50 |
6 3.3 38 52 23 55
9 ' 5.0 40 58 |30 |54
a2 180 . " 148 60 |34 58 :
15 ) 5.4 34 . |52 |30 |50 T
18- ‘ (38 35 - (52 (30 |54
21 1.8 18 50

Rating equation of current meter : v=0.3N+0.05

5. An S- hydrograph is given such that at time t =0, its ordinate is loem/h and it remains so
for an indefinite period of time. Determine a 2-hour unit hydrograph Using this unit
hydrograph, determine a 4- hour unit hydrograph. [8+6]



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 magmtude of 215000 units. Assume the annual floods are Gumbel distributed.
i) What is the probability of having a flood as great as or greater than 440000 units?

iiy What is the magmtude of flood havmg a recurrence interval of 40 years?

iii) What is the probability of havmg 575000 units ﬂood ora greater fleod in the coming
25 years time? , ,

7. a) Explain the concept of attenuation and lag of peak due to rouung with sketch.
b) Startmg from the contmulty equahon obtain the equation of reservoir routmg

SATU%BON VAPOR: I’RESSL{E@ @FW&ER

. Satumuun vapor _

.. Temperature, . pressurs, ¢ . R

% CoF mb’ (mm: Hg/*F)

0 32 030
50 41.0 045
7.5 45.5 0.54
100 500 0.60
B 545 P
15.6. 59.0 0.8
17.5 63.5 0.95
20.0 68.0 1.05
225 725 1.24
vatil 71.0 1.40
G21.8 . 8LS 1.61
30 860, 185
5325 LIB0S 207
50 1950 235
315 99,51 2.62
40.0 104.0 298
45,0 113 0 366
: Mmﬂm@hﬂﬂ@tﬁm ;
SPACE (mmmkmm RADIATION); AY] N
NQKthN Hm:svfmwrmzss

2| 1

— 14.5
1t 150
4.3 152
9.1 147
13.6 139
1.8 134
15:8 3.3
1.4 Wi
£ 143
b 5.0
8.1 T
- 143

e MEAN MONTHLY VALUES OF POSSIBLE SUNSWINE HOHIAH
"Feb.  Mar,  Apr.  May Jume © July Sept, ~ Oot. Nov, Dee.
hig 121 323 121 121 121 120 4k 121 - 121
10° 116 118 121 124 126 127 1612 1.7 ‘115
0° , L1 IS 120 126 I3 133 132 112 109
3¢ 194 L1 120 1289 137 M (139 15 102
40 96 107 119 132 M4 150 47 100 94
g 1547 164 o B

118 413.8

I'G

m.n-. .

Fok

[6+4-+4]

[4]
4]
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" . Candidates are required to give thelr answers in their own words as far as practlcable
v - Attempt All questions. . :
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1. Explam all hydrological process in Hydrological Cycle. ' 4
2. a) Descnbe methods of averaglng point rainfall over a catchment area with neat ‘
i - sketches. , [6}
; _ " b) Explain the energy budget method of estimating gvaporation from a lake. . [61
3. Calculate the potential evapotransplranon for an area over Kathmandu in the month of
. March by Penman Method. . : ' [14]
Tﬁe ﬂowmg data is available: '
. Mean Mounthly temp . - 10.0°C
'Mean RH : 60%
r w Mean sunshine hours - - :9h
: Potential sunshine hours :129b
1 Wind Velocity at 2m height =~ :5 Kwm/hour
' Abedo :0.25
v Upper terresterlal Solar radxatmn 11 mm of hg/day
E - " Othervalues: ,
b " Latitude . 98.5°
S A Longitude :84.5° -
‘ ‘ - Saturated vapor pressure at 10.0 °C =9.2mmof Hg -
j Slope of saturate vapor pressure . ='1.24 mm/°C
g Psychrometric constant - = 0.49mm/°C
' Boltzman constant P . =201*E-9mm/day
b 4. a) Compute the stream ﬂow from followmg data ‘The cahbrated equation df- current
' , - meter is: : [8]
- V=0, 035+0 74"N where 'V is in m/sec and N i is revolutlon/sec B ) s
Distance from bank (m) 0| 06 1.5 2.5 3.5 50 | 60 ] 70 7.5
. Water Depth (m) - - : 0 | 03 075 | 1.2 -7 1.3 07 { 03 0
No. of Revolutions 0 15 95 .| 110 120 110 | 80 20 0
Time (sec) . 0 | 45 85 95 90 100 70 40 0

b) Explam how the monthly flows from the ungauged Iocatlons are estimated from the
observed rainfall data oyer the catchment, in Nepal. [6]




5 A ’?-hr umt hydrograph for a basin is shown in the sketch : - ‘ [6+3+5]
(a} Dei:ermme the peak dwc:haxge (inofs) fora net rain of 5.00 in. Ihr and a duration of 2 hr.
(b‘i What is the total direct surface runoff (in inches). for the storm described in patt {a)?

(c} A different storm with a net rain of 0.50 in./hr lasts for 4 hr. What is the dxscharga at

8 p.m. if the ramfail started at 4 pm.? ;
: - Note:
— _ . in = inches

600 -~~~

12 inches = 1 feet
. L% T s cfs = cubic feet/sec
24 e Aniedak dasteat, el 2 hrumt . A unit hydrograph

is response of catchment
due to 1 inch effective -,
_rainfall over it. '

. hydrograph

_........L__.....

A

Discharge (cts)
o .
8

}

|

4 5 6 71 8 9
’ﬁme(hr) '

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

«b) Caleulate .the  flood: discharge:: usmg Empmcal ‘method from:a. catchment of area..
IGOqum ‘The-catchment haslongest river of 60km. The elevation difference of the -
mver 15 20m: Ramfall runoff coefficient is-0.6 and maximum daily ramfall is 200mm.  [6]

7 Explam in detaﬂ time area method for estxmatmg runoff hydrograph LA o [8]
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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? {41
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 1_'1:00 11:30 | 12:00
Rainfall (em) | 0 7 5 g 9 13 | 10 8 6 5 3 1 |0

i) Construct the hyetograph of this storm for 30 min and 2 hours interval
ii) 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]
?récipi’cation falls on 2 100 km? drainage basin according to the following schedule: [61 - o
o Time (minute) 30 160 |90 [120-] | o

- ' [Rainfall intensity (cm/hr) {4 |2 16 |5 ,
Determine the total storm rainfall. Also, find out d-index for the basin if the net storm -,
runoff is 3 om. ;

4 ) 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. L ) f
¢) What is mean by rating curve? Write the uses of rating curve. Also explain the i
method of drawing the rating curve ih a particular section of a river. [1+2+2] : |

Lh

E 5. @) The direct runoff hydrograph due to an effective rainfall event in given by a tﬁangie
B such that its base iz 8 hours and its height at the madpoint of the base is lcm/h. The
. duration and intensity of the effective rainfall are 4 hours and lem/h, respectively. S i

Derive and sketch 2 4 hour unit hydrograph. _ 18]
b) A 1 hour 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 peak 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 project. 91
A table for reduced mean (§n yand reduced standard deviation (S,) is given below:

N 40 41 42 43 44 45

v, | 0.5436 |0.5442 | 0.5448 05453 | 0.5458 | 0.5463

Ya

S, 11413 1.14367"1;14558 1.1480 | 1.1499 | 1.1519

b) Explain log pearson III distribution and its use in the prediction of flood. {5]

. ¢

o i

o £
B : ) . . ;
. §

f



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

sawmownrmmww

Saturation vapor

.. Lemperature, .- Pressure.e .. ..
e _— Slope -
C CF mb fnmi 'of Hg i (mm I-Igi"F)
o 32 6.11 458 o 030
: S50 4.0 - B2 654 T - pds
) 7.5 45.5 10.37 e SR 0.54
! Co1pe 500 228 et ‘0.60
LS 545 1449 10.87 o
150 - 550 1708 1z . 680
© 175 . 635 2000 - 15.00 . 9.95
) 200 680 23.38 17.54 105
! : RS 72.5 27.25 . W44 14
: . 258 71.0 3167 - 2376 1.40
215 81.5 36.71 27.54" 1.61
300 86.0 42.42 SR ©L8S
- 325 90.5 - 48.8%. - 36.68 2.07
350 950 . 57.07 4281 2.35
- 315 9950 64.46 48.3 2.62
. 40.0 104.0 73.14 55.32 2.95
45.0 113.0 9491 - 7120 3.66

o MERN MONTHUY SOLAR RA THE EARTH'S OUTER

SPACE (mmwmsrm RADIATION);

NORTHERN HEM!SFHEREWI’I‘H L= 560 B

| 7 North ltitde ON) | o

* Moth w0 se o W e WU e e
- Tenuary e e o 13 36 108 128 145

Bebrysry. =~ = L1 35 .59 AR 0139 150

March .~ — .18 43 68 . 44 139 W 152
| April 79 78 91 1Ll 27 153 U152 14T
, fay 149 146 136 146 1577150 139
‘ June 181 178" 170 - 165 158 - 148 - 134
‘ July ‘168 165 158 157 5.7 148 - 135

Augist 112 106 14 127 3 150 142
Septeml 26 .. 48 68 &S 4 149 143
: 5 — 6.2 24 47 9 141 150
? B SRS ¥ -FY 20 11 s
‘ i — — Ei%: 3 124 3
:
‘ U Ng. B
| 121 12
% 1.7 1LS
‘ 1.2 - 109
; 106 102

T 100 94
5.1 f,‘r’;‘.’-lj




- follows: _
Sub basin ¢ index Hourly Rainfall (mm) '
(km?) (mm/h) 1% hour 2™ hour 39 hour | 4 hour
15 10 16 48 22 10 .
25 15 16 ) 20 8
35 21 12 40 18 6
5 16 15 42 18 - 8

Candidates are required to give their answers in their own words as far as practicable.

v
v Attempt All questions.

v The figures in the margin indicate Full Marks.
v

Normal graph papers will be provided.
v Assume suitable data if necessary.

1. 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. a) In what way you can present the precipitation data? What are the benefits of each
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[2+2] -

method? Explain the method of drawing Intensity Duration Frequency (1DF_) 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. : .

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

4. Calculate the discharge of river section as giver:

Distance 0il 2 13 4 6 8 2 116 |17 |18 |19

(m)
Depth(m) [0 |1 73 |72 |85 |74 |56 | A7 35 |21 11410
Revolution | 0 | 14 10 126 |29 |27 |25 73 121 | 1.8 |1510

{sat0.2d : .
Revolution | 0 i 12 |18 70 118 [1.7 |15 13 | 1.1 {LO}0
/sat0.8d | | Lt
The current meter formula is v = 0.02 Ns -0.02, v = velocity (m/s) and Ns = revolution
per minute. :

5. 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, 10.9,5.3,2.9,08 (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?

., -houf?%tonn occurs over a 80 km? watershed. The details of the catchment are as

[4]

[14]

[14]

[9+51



.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 1890 1991 1892 1993 1994 1995 1596 1997 1598
| Peak ‘
| _ discharge : o
i {mfs) 1400 4160 2580 2910 2250 1360 2280 2540 .| 3900
| Year 1999 2000 2001 2002 2003 2004 | 2005 2006 '
| Peak : e
! discharge _ v
{m?/s) 3420 6170 2160 1360 - | 5440 1340 .| 3360 2800

Compute flood magnitude with 50 year return period (T) using Log-Pearson type HI

|

|

| o distribution. For T = 50 year, obtain frequency factor (K7) for the computed coefﬁment of
o ‘ skewness (C) using following table.

¢ 1o 01 102 Jo3 o4 Jo5s [es o7 Jos Jos |1
Kr {2054 2307 |2159 [2.211 |2.261 |2311 | 2359 2407 |2.453 |2498 |2542
6 J12 14 Tie Tis (2 ez 25 3 1
_:,{,z:‘ K [2:626 | 2.706 278 2848 2912 12970 | 3.048 | 3152 | L
7 Explam the procedure of derlvmg Clark UH. REF TR ' 8]

_***
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AN NN

1. What is hydrological cycle? Draw a neat sketch of the cycle showing all components. [1+3]

N

a) How would you determine optimum number of rain gauges to be installed in a glven
catchment? « 6]

b) Explain Intensity Duration Curve and Depth Area Curve. : {6}
3. a) What is the difference between potential evapotranspiration (PET) and Actual

evapotranspiration (AET)? Explain the penmans method for the estlmatlon of PET
from an area. [2+4]

b) The infiltration of a catchment can be represented by the equatlon f 15+50e%, If
the rmnfall intensity of 45mm/hr occurs continuously for 10 hour from a catchment of
area 12km?, calculate [2+2+2+2]

i) Total runoff volume generated from that catchment

i) Total infiltration volume at the period

1ii) Calculate time from the start of rainfall from which runoff started
iv) Show your all (above three) results in infiltration curves

4, a) I‘ he stage and discharge data of a river are given below. Derive the equaﬁon of reting
.. ‘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 | 165.4 | 165.7
Discharge (m”/s) 30 120 210 450 650 825 900 | 1000 | 1050

! 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. [3+3]

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 3/s at 1 hours from start
and time of base is 4 hours. If a design storm has intensities of 4cm/hour and 3cmv/h for
two consecutive one hour intervals. [14]

% 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 3500 cumec, which is derived from long term historical
f data using Gumbel distribution. Calculate the discharge from 500 year return period and
risk 39.49939%. Prepare a Gumbel graph paper using normal arithmetic graph paper. Plot
these three discharges on Gumbel paper. [14]

| 7. What is linear reservoir? Explain the procedure to obtam Clark UH from time area
method. : . E [2+6]
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. b). Flood control andr ‘
o d) :Recharge of ground Water!

Candidates aré required to give their answers in their own words as far as practicable.
Attempt any Five questions, A :

The figures in the margin indicate Full Marks,

Assume suitable data if necessary.

a)- The_ordinates ofa4-h UH of a catchment of area 105km? are given in the table below.
=" Derive 2-h total Runoff Hydrographs from (i) rainfall excess of 3.5 cm occurring in

4 hrs duration and (if) Rainfallfexcess of 3.5 cm’occurring in 2 hr duration, and a base
flow of 12m?/sec. % PR

W

a) Rational method for stirné.ting:dééign ﬂood - - S Ry 2
x}éigatiqp'mbt_hods._ . - €) Double Mass Carve- = .-

e) Evap(,ﬁl’netem L

i Level | BE | Full Marks | 80

! e s s s o b1

o
P hrs.

4 [12]
bhrs | 0 1 4 | 8 [ 121620 [24 [ 28 [ 32 [ 36 [ 40 [ 44 [ 45 [ 371
Q.m's | 0 |30 [ 55| 90 [130 170 [ 180 [ 160 [ 1101 60 [ 35 | 20 | 8 | 0
b) Describe the hydrological cycle with neat sketch. | - (4]
a) The flood discharges for 25 and 250 years from fitted Gumbel distribution are 90 and
5 O_Qm3/sec respectively. Estimate the flood magnitudes for 50, 500 and 1 000 years by
Gumbel analytically. . B TR T FEPR e 1-)
£ b) A storm “With3::;Eo;.ll{owi{ng;;disttibiu;t‘i‘onﬁifqﬂ1tainfa11:_f produced assurface:runoff of 12cm. .
.~ . BEstimate the ¢ index of the storm. - ol # 8
. [ Storm time (h) L L1213 457677 Lot
©+ . | Rainfall in each hour (em) | 0.7 22 13071 4636|3271 20 07 | 7
3. ) The normal annual rainfall at four stations A, B, C and D ‘In a basin was observed as
o 75.8,62.4,70.7 and 87:3cmi respectively. In ‘aparticular year, the «‘s,tatioll':if)‘:remféiined
_;;noperative and the rainfall at stations A, B and C was recorded as 85.3, 66.5 and75.2
Tespectively. Estimate the missing rainfall at station D. [4]
b) Describe slope, area method of estimating discharge with neat sketch? Differentiate ’
this method with Velocity-Area method? ’ : [12]
a) For the Horton model, the infiltration rate at the bégining of rainfall is 10cm/hr and
decreases to lem/hr after 10 hours. A total of 70cm of water infiltrated during the 10
hour period. Compute the value of k of the Horton model. - : — 6]
b) Derive the formula for discharge from a fully penetrating well opereiting under steady
~ state in a confined aquifer with neat'sketch showing all components. o [4]
¢) What are the metrological parameters used in Periman’s equation? Describe the use of :
‘ this equation. . _ S o ‘ A ‘ [6]
5. .a) Determine the stage corresponding to z'erQ discharge from the following data of this’
- . equation. T T , . [
| Stage(m) 20.80 | 21.42 | 21.95 | 22.37 | 23.00 23.52 | 24.00°] .
. = | Discharge (m%/s) 100 [ 200 [.300 | 400 | 800 800 | 1000-
. B:)» Deseribe the factors affecting runoff from a catchment, et :
Write short notes on any four of the following: - . .~

- T ———
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W ¥ 1 Assume suitable datg if necessary.

| 1. 2) The ordinates of 6-h UH are given as follows: , : _- o [12]
1215 | 13 ’ 21 " 24 |27 ' 30 | 33 3ﬂ

| ; | r

| ordinates 58 | 78 69}’ 58 |43 13017 (15 | 0 }

A storm has successive 3-br rainfall of 3, 5 and 4cm :respecti‘-/'ely. ¢-index is
--0.2:cm/hr, base flow is 53 m*/s. Determine the resulting flow hydrograph.

rit dovff;'n,thga hydrogeompzphological factors that affect the stability of stream or

Tiver.

2.. The data series of peak runoffin a stream was recorded as shown in the following table.: -

. Plot the observed peak flow versus retumn period and Gumbel extreme value fit curve. ;.

. Comment on the model applicability of the data series. - . S o © 161 - 4
e [ Year | Peak discharge | Year | Peak discharge |
1926 | - 16.64 1939 | 834
1927 11.03 1040 1740
11928 8.63 1941 | 7075 | | . o :
1929 414 1992 | 3235 ) . |
11930 2095~ | 1943 } 6.90 | , -
1931 764 1944 [ 1333 | | ,
| . | 1932 |° 354 1945 | 10.61 | :
! _ ] 1933 229.51 1946 | 4.30
| 1934 - 130.74 1947 10.92
1935 29.99 1948 11.26
1936 | 21.08 1949 3537
1937 | 11.09 1950 | 747
1938 | 175.46 |

Take y,=0.5308 and o, = 1,091

Three points on rating curve of a stream gauging station obtained from observed data
have the following co-crdinates (2m’/s, 10.65m), (4m’/s, 10.85m) and (8m’/s,
11.25m). Determine the equation of the rating curve and compute the discharge in the’
- stream corresponding to a stage of 11.5m [Use Q = C, (G-2)F as the equation of rating
curvel. - ' T S : o '

W
£

| o [6]
b) List out the causes of shifting control in gauge stream discharge measurement and its _ 7
relationship. o ' 2]



Lh

~ - determine the-average depth’cl rainfall nsing Thiessen polygon flz.k.u.;Od . L8y

" A sémi circle 6f “121’116‘128; of 40 km Wx’ch an eqmlf;’reral tri angle 07

side of 40km below
its diameter is a clase approximation to a river basin: The position co-ordinates. of 5

Tain gauge stations A, B, C, D and E Jocated within the basin with regpect to 2
coordinate axes system Whose X axis and Origin coincident with diameter and centre
of the circle are (10, 10), (-10, 10), {-10, -10), (10, -10) and 0, 6 km respectively. If
the rainfall recorded at theae rain gouges are 80, 95, 76, 82, 107mm respectively,

Define equivalent depth of water for -ertain snow depth. Calculute the equalent
water depth, if snow depth is 0.5m, dens ty of snow and water are 200k0/m and 1000 .
kg/m? respectively. , : [1-+3]

A stream 1is assumed to be trape’zoid;ﬂ t.1-cress section having bed width of lZm and
side slope 2 horizontal: 1 vertical in + reach of 1km. During flood time, high water

levels recorded at both ends of the re.ch are: : [8]
Section | Elevation ofbed (m) | Water surface elevation (m)
ws 100.20 102.70
s 98.60 10130

If Mamning’s n = (.03, estimate the discharge in the stream.

Write down the limitations of rational method for determmatwn of peak flood and its

‘application in civil engineering designs. R R R

~'The swad}/ state discharge from a pumping weLI is'0.025m/s. Following are:that'draw |

© downs.obtained from the‘multiple observation well test of confined aquifer. [8]

b)

a)
b)

‘v‘whc*re r = d1stmce of observation - Wellu ‘from pummng WF‘H and s drawdown '

rm) | 15 | 30 | 60 | 100 | 160 | 200
s(m) | 1.05 | 095 | 0.71 | 0.535 | 0.36 | 0.29

T

Caleulate radins of influence and transmissibility of the aquifer..

' £ -f e - . '
Show that F = =—= in which F is the total infiltration depth above the f; = £ of
K ,
Horton’s equation. Assume that the depth of soil is infinite. Where, f, = initial
infiltration capacity, f; = final steady state infiltration and k = Horton’s constant

dependmg on soil characteristics. [6]
What assu*nptmns did Penman use in derwmg his evaporatlon formula? N
Define Hydrology and explain its application in civil engineering fields. ' [1+3]
Write short notes on use of Garnma dis‘tribution in flow analysis.. = [4]
A reservoir has following average meteorological values during a given week. [1+2]

Saturated -vapour pressure (e;) = 31.82mrm of Hg
Relative Humidity = 50% :

. Wind velocity at Im above ground = 12km/h

Determine actual vapour pressure and wind velocity at 9m above ground.

‘ T S -
PIOVS ﬂmf the sppcmc :yield of an open well from recuperation test is A ==In—+, where' " [
= draw down i weh wh en pumping was stopped
52 = draw down in well after time T from the stopping of pump
A = cross section area of well
C = specific capacity of well

K kek

.o La

, it
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/| The following are the ordinates of ‘the hyrdrograph of flow from a catchment area of
B 700km® due to a 6-h rainfall, - [16]
i Sl Sl . - "

) s | Time(Hot) -~ [0 61 9 | 12 [ 18 [ 24 ] 30 | 33 [ 36 [ 42 | 43 | 54 [ 606672 .
: < | Discharge(m/s) | 40 | 63 | 140 | 215 [ 360 | 400 | 350 | 3301270 | 205 | 145 [ 100705040 1< ¢
] - - &) Derive the ordinates of 6-h unit hydrogr&iph T

b) Calculate the flood hydrograph for two successive storms of 9.5 and 12.5 cm of §
hougs duration rainfall and an average storm loss of 0.25cm/hr
; "X axtDescribe the statistical approach for estimating the floods of required frequencies
e o e Tde_:sign; floods) when annual maximum floods of few years are available, ‘ [8]

by “Cciimpﬁte the stream flow from following data. The calibrated equation of current
' meter 1s: V = 0.045 + 0.76N, where V is in m/sec and N is revolution/sec. [&]

| Distance rom bank (@) | 0] 0.6 T 157257 0] 7.0
171137071037 0
20 0
4

|
Depth (m) 0 [03]075] f | ,
No. of Revolutions * 0 | 15 [ 95 | 110 120 1107] 80 | 206 1
n : f ’ I
|

Tipee (se0) 0 | 45 | &s 00 ] e

; ~cribe various forms ofvprecipitation. o [4]

A-4 hour storm occurs over a 80km? watershed. The details of the catchment are as .

et e )

7,

<

, “follows. [12]

i — ‘ T - p

; EUb basin(lqnz) I ¢ index (mm/h) LTLSthour ,h;éfgim,ngﬂlh(iﬁ) 4 houl% ,

-‘ 15 | 10 16 | 48 [ 22 | 10 |

! ;‘ 25 |15 | 16 | 4@ | 20 | 3 :J

| |35 L2t T 12 a0 18 | 5 ] P
T f 16 15 | 42 | 18 | 8§ |

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

v
> 2) Inarecuperation test, the static water level in an open well was depressed by pumping L .
by 3m and it recuperated 1.5m in 1 hour. If the diameter of the well is 3.0m and the BRI
safe working depression head is 2.4m, find out the average yield of the pump. [81 v
b) Describe the hydro-geo-morphological characteristics of rivers with sketches. (8]




3 /

/
o [ |
| 5. 12) Calculate the discharge of a stream having a high water surface elevations noted at
o : two sections A and B, 10km apart. These elevations and other salient hydraulic
| properties are given below. (8]
‘ . Water Surface | Area of x-section | Hydraulic Radius
| Section : 2
; elevation (m) (zn%) ‘ (M) 4.5
‘1 A 104.77 73.293 2733

B 104.500 93.375 3.089

The eddyless coefficient is 0.3 for gradual expansion, 0.1 for gradual contraction and
Maming’s roughness is 0.02.

|
|
|
- b

How is the double mass curve technique used to check the consistency and adjust the
rainfail at a suspicious station? Explain witl sketch. N ) ey -
b \ 0/ a) What is a rating curve? Write down a standaxd ecplatlon/%c'i7 a rating curve. Explain in 3
L / detail the procedure to estimate the parameters of that rating equation. [1+1+8]
| \g ) Prepare a Gumbel probability paper from an ordinary gTaph{Ipaper provided to you. [6]
——lzf : »( . 77*
. ' Vot ;,/

P N - S
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Candidates are required to give their answers in their own words as far as practicablé,
Attempt any Five questions. ‘

The figures in the margin indicate Fiull Marks.

Assume suitable data if néecessary.

. The expected life of a diversion weir is 50 years. At 20% and 40% risk, the discharge of

the river is 1200 and 1060 m?/s. [8+8]

a) Determine the mean.and standard deviation of the data used.
b) Estimate the magnitude of flood with a return period of 500 years.

Ordinate of an 2 hour unit hj/drog'raph at ln—hour.,interval are 5, 8, 5, 3 and 1 m’/s.
Calcul_at'e — : : A [2+7+7]

a) Watershed area répresented by the unit hydrograph
b) 1 hour unit hydrograph for the catchment
¢) 3 hour unit hydro graph of the catchment

. a) The characteristics of an Isolated 1-h storm occurred over a basin is given below in .

the table. - . [10]
% of eatchment | ¢ index. | _rainfall (cm) | | ' o
Area | ‘(cmifh) | -Rirst 0.5 bour | Second 0.5 hour
10 - . 1.0 .08 15
20 ] 125 | T omEe. e 225
30 - |05 a0 08
, 40 0.75 1.0 L5
Calculate total rainfall, total losses and runoff from the catchment,
b) Discuss double mass curve method of adjustment. : [6]
2) Explain Velocity Area Method to calculate the diséhargé of the river. [8]
'b) Explain Slope Area Method to calculate the discharge of the river. [8]
a) Explain various geomorphological characteristics of rivers. [6]
b) Calculate the ETo by Penman Method for April month at longitude 84.5°, latitude
-+ 27.25° and altitude 1390m. The other climatic data are as follows: [10]
Trmin =20°C, Trmex = 30°C .- .
RHmin = 4’9%, ! RHmax = 92%
Wind Speed = 350 km/day at 2m height
Sunshine Hour = 9.5, Potential sunshine hours: 11.0 hours
Saturated Vapor Pressure (€a) =31.0 mbar, .
Extra Terrestrial Radiatiqn (Ra) =15 mm/day, albedo = 0.25
Slope of saturated vapor pressure = 1.4 mm/°C '
Stefan Boltzman constant: 2.01 x107° mm/day
Assume if any dafa missing
. a) Explain Rational Method of calculating flood discharge. . _ [6]
b) Write down the Dﬁpit’s assumptions. (2]

§
-¢) Derive expressions for well discharge for steady flow in confined and unconfined

. o
aquifers, - (8]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt any Five questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

The following are the ordinates of the hydrograph of flow from a catchment area of
770km?® due to a 12-h rainfall,

Time (Hour) 0 | 6 112118 124[30|36]|42[48]54|60]66] 72
Discharge (m/s) | 50 [ 75 1225]370]410]3601280[215]155]110] 80 | 60 | 50

a) Derive the ordinates of 12-h unit hydrograph.
b) Calculate the flood hydrograph for two successive storms of 9.0 and 12.0cm of 12
hours duration rainfall each and an average storm loss of Icm in 3 hours.

An anaiysis of an annual flood series covering the period 1900 to 2000 (100 years) on a
certain river shows that the 100 -year flood has a magnitude of 640,000 m’/s and 2.0 year
has a magnitude of 225,000 m*/s. Assume the annual floods fit with Gumbel distribution.

“What is the probability of having a flood as great as or greater than 440,000 m*/s?
‘b) »What is the magnitude of the flood having a recurrence interval of 50 years?
} “What is the probability of having 575,000 m’, /s-flood or-a:greater flood in coming 25
years time?
.d) Find the mean and standard deviation of the annual floods and occuwrrence interval of
‘the mean flood.

- a) “How would you determine. opumum number of rain: gauges to be installed in a given

“catchment.
b) Differentiate between recording rain gauge and non recording rain gauge.

¢) The infiltration rate for excess rain on a small catchment area was observed to be
9.0 cmv/hr at the beginning of rain and it is decreased expontantially tc be an
equilibrium of 1 cm/hr after 10 hours interval. Determine the value of Horton
constant.

a) Explain the stream flow measurement by velocity area method.

b) A small stream has rectangular section having 10m width in a reach of Skm and

Manning roughness coefficient 0.03. During 2 flood the high water level records at
the end of the reach as given below. Estimate the flood discharge of the river.

Section elevation of bed water surface elevation
u/s 100.2m - 102.7m
D/S 98.6m 101.3m
AY

a) Write down the steps with formula fo calculate wapohancplraﬁon from Penman
method. :

b} In arecuperation test, the static water level in an open well was depres-a,ef% by pumping
by 3m and it recuperated 1.5m in 1 hour. If the diameter of the well is 3.0m and the
safe working depression head is 2.4m, find out the average yield of the pump.

Write short notes:

¢) Rational methods of peak discharge estimation

d) Hydro geomorphological characteristics of river

a) Hydrological Cycle
b) Double Mass Curve
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“ylhe ordinated Gfﬁ hr unit 1ydrogmph ofa Cﬂtchment area of 77() km? are given be ow. [4+6
G [ 12 [ 18] 24 |30 | 36 | 42| 48 | 54.] 60 [ 66 | ‘
5135|641 72 62'1 46 | 33 | 21 [11.6]56|1.6] O

~J
3]

A

"Year-‘-s 552 1053 | 1954 | 1955 | 1956 | 1957 | 1958 | 1959
‘Peak d!aChﬁ; 0

o /SFC) 3000 4400 6000 | 3500 | 2900 | 4800 | 3900 | 3300 | 6700

Yearie- - | 1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | 1967

(ﬁé?;ﬁ?g .| -5400.. T43oo.,,~ 3700 | 4200 |-9000 | 4000 | 3600 | 5100

) Pr epafe a Gumbei s extreme value probablhty papes
b} ‘Estimate graphically 100 year and 500 yeari flood. Take mean and standard dcwatmn
- of Gumbel s reduced variate as O 518 and 1.041 respectwexy
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i ,'_.a): Ratmg curve

Wrue short notes on:

.b) ‘Penmann’s equation

¢} Flood mitigation . 4 e
d). Apphcanon of hydrology m Engmemng

5000 li tres per minutes, the wat\.r level in thc test well of lOOm away is 10wured by
0.5m and in a well of 30m away the drawdown is 1m. What'is the transmzsszbzhty of -
he aquxf'er and also detennme the drawdown in thc mam well ,

. a) i Héw wou]d you detcrmnc optzmnm number of rain gzu.ges to be mstailed ina gwen
L cqh,hmcnt“ ‘ R : :
b) E% piam {the stream ﬂow measv' rement by vuloczty area method i :
c} During a high flow, water _urface elevation of a. s*nall stream were- noted at two
stations A and B, 10km npart VEIEV&(IOHS and other silent Ieatures are given below. - '
§ , Water Surface Area of cross 4 _:Hydraulic Re*narks N
Section | g1cvation (m) "|"" section (m”) “radius (m) : ;
A 104.771 =~ d- 20073 2,7 A i U/S ofB
P i Roughness :
Take the eddy coefﬁmeﬁ ;,0.30 for: gmduai expansmu and 0. 10 for gradual
‘ COﬂtxHCth[’] Estimate the: discharoe in.the strsam i :
3 4 a)
“If the inf] Itrauon dunng tluszstor'nfc‘zm be represented byl Horton s qbuanon Wlth'
10 = 6 5mm/h f 1 Smm/h and ;
;‘_
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v" Candidates are required to give their answers in their own words as far as practicable,

v’ Artempt any Five questions. '

V' The figures in the margin indicate Full Marks.

v Assume suitable data if necessary.

1. The stream flows due to three successive storms of 4.5, 6.5 and 3.5¢cm of 6 hours duration

each on basin is given below. The area of the basin is 45.4 km?. Assuming the constant
base flow of 20 m°/s and an average storm lass of 0.25 em/hr. , [16]

Time 1 01 6 | 121 18] 24 13036 ] 42148 ] 54160 661 72

Discharge | 55 | 105 | 365 | 925 | 1255 | 985 | 739 | 555 | 403 | 265 | 165 | 75 | 25
{cumec) ‘ .

a) Derive the ordinates of a 6-hour unit hydrograph of the basin.
b) ‘Calculate‘ the flood hydrograph for storms of 11.5cm of 12 hours duration rainfall.

T

following peak discharge represents the annual maximum flows for the of a river
fom year:1961 to 1975: (18]

61 1 62 | & 1 6 | & | 6 | 67 [ o8
4510 | 7060 | 4550 | 3500 | 3420 | 3880 | 2740 | 3630
I T N N7 O F O 2
4350 | 2660 | 8030 | 3090 | 4080 | 2930 | 2410

| a) Calculate the 10-, 50-, and 100-year discharge assuming Gumbel distribution.

| b) Calculate the 2-, 10-, 50-, and 100-year discharge using Weibull Plotting position
| . .

| method. .

, Note: The reduced mean and reduced S.D. for 15 samples are 0.53 and 1.10 respectively.
| . a) Write down the factors affecting evaporation. (4]

i b

L2

~s ~/

Calculate daily potential evaporation by Penman method from an area having the
following characteristics. - [12]

Latitude = 30°N, Elevation = 300m above mean sea level, mean monthly temperature
= 15°¢, relative humidity = 70%, mean observed sunshine hour = 9h, wind velocity at
2m height = 50 km/day and the ground surface is observed with green grass.
Furthermore, '

Saturated vapor pressure at 15°C = 13.4mm of Hg
Slope of saturated vapor pressure = 1.24 mm/°C
Psychrometric constant = (.49 mm/°C
Boltzman constant =2.01x10" mm/day

Albedo =0.15



4. a) Calculate the average rainfall over a catchment of area 8 km? by three methods. [8]

, ‘ Ischetal
Station .Axmual Area enclosed P”R}'gﬁ,’“
ID Rainfall (mm) | Interval (m) (sqkm) Area (%)
A 2256 1.80-2.0 1.25 15
B 2534 2.00-2.2 0.75 31
C 2123 2.2-24 3.15 21
D 1867 2.4-2.6 0.85 11
E 2000 2.6-2.8 2.0 | 22

b) Compute the discharge of a stream with following data. A current meter with
~calibration equation V = 0.30N +0.032 where V in m/s and N in Revolutions/s i3 used

to measure the velocity. ‘ ' ’ - (8]
Distance (m) 0 | 21416 | 810 i2]14]16]18]20] 22

Depth (m) 0 [ 1 [43772/85174][56[47[35 2114 0
Revqlutlons/second 013 416 |lés 7 s ssl s 3 5 0

at 0.2d

Revolutions/second | | » | 3 | 5 | 55165 63|48 4 |25|15] 0

at 0.8d

5. a) The average rainfall over 45ha of watershed for a particular storm was as follows. [6]

| Rainfall(em) | 0 05 [ 325 | 323 15 o ;

"%ThBVOILImB runoff from this storm was determined.as. 2.25ha-m. Establish the ¢-
index. ' ' ‘
b) Write down the assumption of Dupuit formula and derive a well discharge equation
for steady state condition:for confined:and unconfined aquifer, } [10]

6. Write down four short notes: ' _ o [4x4]

a) Mass curve and its uses

b) Development of hydrology in Nepal

c) Ordinary flood, standard flood and probable maximum flood
d) S curve and its uses

e) Pumping and recuperation test
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