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1. a) The catchment area of a basin is approxitnated as a ss:rnicircle r:f radius 'r' km with
respect to tho coordinate axis set up with its origin at the centre of circle and the

x-axis coincident with the diarneter. 1'he area lies in tire first and second quadrants

and tlie i:osition ooordinates of flre min gmgc stations are {0,0),

ti,i) a"a ( ,,r)km. Shou, thut the Thicsscn \,\/cights arc givcn by 9#i-,

(0.r,*.!3:) and (*.u,* T)
b) Route the flood hydrograph tkough a river reach fi:r which h4uskingum coeJ1icient

K* th snd X :0.25.

a) 'Ihe infiltration rates observecl during a test on a double ring infiltrometer are as given
below. Determine the constant fo, .1" and K of thc I{orton's equation wirich fits tire
above data"

.04 0.13 0.33 o.rs I r.so lz.so 3"50 4,sCI 5.50

7B 0.75 0.66 0.54 10.37 10.26 4.22 t).?2 0.21

h) Eriefly describe the rnethodology of estirnating cvapotranspiration using Penrnan's
ecluation ancl Lysimeter method.

a) Describe brie.fly traokrvater effbcts and unsteady flow effect on a rating curve.

b) With the following da1a, oompute the dischlLrge fol a river" {lalibra&d values of
constants for current meter: a:0.51 and b: 0.03.

Distance from ls{lbank 0 1
.,
) 5 7 9 II 12

I}*pth (n1) 1 2 2.5 2 I{ I

Revolutipn at 0.6c1 40 6f) 1l$ 90 50 3S

Time (sec) 100 00 150 r50 iCIo 100

llt)l

[6i

2.

[10]

3.

i3+3]

Is]

111l

4. a)

D)

Diflerentiate between baseflorv *nd direct runo1T. What are iimitatior:s of unit
hydrograph? f3+21

l'he orrlinates of a 3 hr unit hydrograph ola catchment is given bclow

Jime (hr) n b l2 18 1,t
L' 30 36 42

infilw amTs)
a t3 30 35 aoLO 21 14 I

;l
LJ

T (hrs)

f (cn'r4rr)

T( 3 6 9 t7 15 18 2t anL.t 17 30 33 36 39 t+1

3 hlul{
ordinates {m3/s}

0 25 50 8s 125 I60 185 160 110 60 36 25 16 * s



Ilcrive the flood to the stsm veii below.

Accumuiated r

5. ai

DJ

The storm loss rate th-inclex 1'or catchment is estimated as 0.25 cm/lr. 'l'he baseftroiv

can be 15 mjls at ttie beginning and increases by 2.0 mlis fot everf i2 hours till the

end of tire direct-runofftryiirograph. [l i i

For the river cstimate the peak l'lood far 500 years rctum period if the 100 years and

50 years retum period fiood was 1020 mJ/s and B5(l m'/s resper;tivally using

Gumble's method having large sample data. i6l

A catclunent of 85 ha has slope of 0.f106 and the mariururn lcn$h of water travel

950m, if the m*xirnunr depth of rainlall with 25 year returll peri*d lias followirtg data.

Cirlculate the peak {lolv fbr:25 years return period using rational rnethod taking ninoff
coelficient cf 0.3. t6l

c) An analysis 6f an alnual flood series covering the period 1920 to 2020 ( 1 00 year s) on" 
a cefiain river shoivs that the 100-year flood has a magnitude of 640,000 rnj/s and 2

years has magniturle of 225,000 m'1s. Assume the annual tloqrd fits with the Cumbel

distribution. What is the prolability of having 575,000 m]/s flood or a greater flood in

coming 25 ycars? 14l

Iluratir:n {minrrte) { l0 'jn 30

Dcr:th of iainfall (mm) tt to 40 50
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Cundidates are rersuiretl to give {heir answers in rheiy ot,,n words *s.far as practicable.
Alten?pt All questions.
T'he figures in the morgin inc{ic{tte Ful! kfuths.
Assuine suitable d{tto if nece s,\a:"v.

a) Explain briefly humankirid's interi'erence in i,aricus parls ot'hydroiogical cycle.
b) What are the causes of incoirsistercies in the rainfall data at a station? FIow do youfind whether the rainfall tlata is consiste,nt or inconsisrent using ilouble mass curl,eanalvsis?

c) Explain the proeedure of deriving Clark UFI.

2' a) An isolated storm in a catchment prnduced a runoff of 3.5cm. The mass curve of the
average rainfaltr depth over the catchment was as below. calcutaie tir* [-irae* for the
storm.

b) Derive an expression for estirnation of evaporation in a lake by the
method.

t.
t3l

not actual losses". Briefly describe

[3+.3.1

I6l

cnergy balance

Isl

L/.-t J I

I6l

b)

4" a)

b)

3. a)

5. a)

c) Justi$i the statement ..Hycirological 
losses are

factors infl uencing evaporation.

Durirrg a flr:od iiow. the depih of n'ater in a 10 m wirle lectanguiar.channel r.vas tiiundto be 3'0 m i-tnd 2'7 m at tr,vc sections 200 m a1;art. Tire tlrop in the water surfaceelevation was found to be 0"i2 m. Assuming ivfanning's coefficient to be 0.025,estlmate the flood 
-discliarge througir the channel, Assiirrie no ecldy loss. For theapplication of the h1'draulic formuiae fcrr stream flow ccmputarion, what are theparameters that n**ti to be meastired in tire channel?

List out the steps how tc cievelop rati*El clrrve of hyrlrtrlogical station.
what is i-rnit hydrograph (uH)? Hor,v do you prepare LII{ frrr nruitipie stor:m?
Caiculate the flood discharge frorl thc outlet of the catchment if the totai rainfall of5'2 cm occuned at an int*rval of f-, hours using fbliarving Z u-H. Assume Base Flow:
15 cumes and infiltration inriex of 0.1] c,u/hr.

[3+8]

t4l

[2*4]

l1)1L'-)

t6l

If the annual flUoci seri*s data fcrr a catchn:*nt is availal,",le for N consecutive years,explain a procedur* to detenlline a flood dischargc rvith a rsiur.n periocl of T, {whereT>N), by using iog-nonnal disrribution.

c) Defins the tenns return perio,J, frequency anci risk.

b) Anaiysis o{'the annual tillod peak of river of 2l years yic,l*Jed a mean of g520m3ls adstandard deviation of 3900 m3tr" A proposcd rl,ater cantroi prcject on this river is tohave ;rn expected iitb of 4il l,.ears. T.hr: aoceptabie reliabiiiti tli the design poiicy is85!yo' Gumbel's Method recommend the flcod cischarge ii:r this project. 'rake yn:0.5252 and S":1.06E6 for 21 years, e 
l6j

!r1gq from beginning of stcrrn

ig:grylatpd *fqre. ry1nrCl tcm) - -P i 
^ -1 \\ I r fr: 6.8 i 7.75

ilO 160i3s

**)F
Ii"r1+21

Exam.
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l.

)

candidates are required to give their answers in their own words as far as pracr
Attempt ill questions.
Thefigures in the margin indicate FUil n{ark+.
Assiie suitable dataif necerrray. 

-
De{ne hydrology. why hydrology is considered irnportant in eass of ruatgr r,&sourcesengrneermgz 

[l+31
a) Explain different methods of detennining the average rainfall oyer an ar,ea dus lo estorfi. Disouss *re relative merits,and demerits of varlous methods.
b) Anisohyet drarvn in the catehment of Bagmati river basinwith catchment area of 442

sq. km has following data. calcurate the aierage rainfall ro, tt 
" 
il;."*'

3. a) Briefly:deseribe the f5r,pes ofe'vaporirneters with neat sketches

b) lalulate the potential eY.apotaospiration for an area over Dang in the month of Mayby Penman's method using following data: Latitude = zi.nl;"rrl.* ;;;;1ui"'=l0!;Mear relative humidltf = 65%o; Mean monthly solar *ai"io" ut-ii" of
llgsrhey = 15.88 mm of evaporable w.ater/day; tVind veloeity ; il *Lil'= ,
km/day; Psy*rometrio constant = 0.49 rry/c;Moan sunshine, rro* 

-=Jo.rrrr;

Potential strnshine -1!*,- 13.5fu; Reflecrion ,o"m.irnt = o:s; slope of safirmhd
vapor pttssuro at lOC = l.Z4 mm ofHg.

SN Range of isohyet (cm) Arya gqclosed by isohyet (&l6i
I l7-13 t2s) l3-9 lL7
3 9-5 108
4 5-l 92

thqhfal discharge of river,
llrstance ftom left bank (m) Depth (m) Vrclosity (m/s)

At 0.2d At 0.8d
0

1.5 1.3 0.6 0.4
3.0 2,s 0.9 0.6
5,0 1.7 0.? 0.s
6.0 1,0 0.6 0.4
T.s 0.4 0.4 0.3
9.0

[2+4J

[4]

[2+21

4' a) Define shearn gauglng. What factor should be eonsidered in seleoting a site for a
strEam gauging statisn?

b) Discharge measured at Nakhu Khola usihg current meter has ftllowing
Calculate the total discharse of river.

data.

[61

t8l

t6l

[]aclr



5. a) Point out thc *pplications and limitations of hydrogtaph theory.

b) A 2"hr unit hydrograph is shown in tha figure below:

6. a)

b)

(0

t3*3]

[?+3'+1+:6J

(i) Deterrnine the eatchment area off}cbasin.
(ii) Detennine the resulting flood hydroeraph for a net rainfall of 1.5 cnr/lu for the

durationof ? hr if the constant ba.se flow is 2eumecs.

{iii} Whst will bB the tirne of concentrafion for the basin?
(iv) Two different $tonns, $/ith rainfell of 0.47 cm/tr and 0.64 cm/lroocru for t hour.

If the $ = 0.12 cm/lu for the basin, what will be the peak discharge for the
. resulting flood hydrosaph?

What are the different methods of flood prediction? [4]

Using 30 yoars 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 m1s respectively. 14+2+21
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:30 as G.5362 and 1.1 124-

(ii) Estirnate the magnituds of the flood with a returu period of 500 years.
(iii)What are the 95% confidence limits forthis estimate if f (957o) = 1.96.

7. a) What is flood routing? Exptain about Clark ttIH method of flood routing.

b) The storag€ in the reaeh 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 infloltr
hydrograph to reach is as given below, compute the outflow hydrograph. Assume the
outflow from the reach at t = 0 is 35rn'/s.

Time (lr) 0 6 t2 t8 24 30
Inflow (m'/s) 35 55 92 130 160 140

l4

I2

IO
6Sg
E
EI
.g,0
C}

4

2

0
25

The (hr)

l8l
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Candidates are required to give their answers in their own w-ords as far as

Attempt 4,ll questions.

The figures in the rn*rgirc indicsle Fwll Mstkl
Assume suitabie data if necessary.

Define hydroic,gical cycie. I)raw. a net sketch ot' hydrological cycie illustrating its

components.

a) Differentiate Arithmetic Meal, 'fhiessen Folygon and Isoiryetai \{eihods'

b) T'he nlass curr'e of the rainfali of 1t)0 min Ci.rraiion is gi,.'en belorv. i1'the catchment

had an initial ioss of 0.6cm and e-index of O.{rcnr,iiu. calculate the totai surtace runolT

h'om the catchmen.

2.

l"

b)

4. a)

b)

[1+3]

I5l

16l

12*21

[3+s]

12+61

i8l

'fime from start oi rainfali min

3" a) Differentiate AET and PET. Expl:lin the rnetirod of tneasurement r:f

evapotranspiration iri field with skrtch.

Describe types of infiltrometers witti eketoh. Florv the data of iniiltrcmeier are used to

derive the l{orton's constant? Explain w'ith assumed data"

\Yhat is rating curue? Explain with sketc'h how'rvould 1'cu detetmine stage for zero

discharge.

The dala oertaining to a storm gauging opelatrorl et: gauging site are given helou.

l-he rating equation of the eurrent rneter is v : (0"32N+0.032) n/s where Ni is
revolution per second, Calculate the discharge in the strearn.

Distance from right bank (m) Depth (m) a.r"rrri* "[*, ", 
o.oo Time (s)

0 0 0 0

2 0.5 80 180

4 1.1 83 IJU

6 1.95 131 i20
9 2.25 139 11nt-u
tZ 1.85 217 t2a

15 1.7s 114 i20
18 i.65 109 i20
28 1.5 92 i20
22 1"25 85 120

Z3 0.75 70 150

74 0 0 0

60 Tlo_i_lool

:rL;1,,j

j tr'un marrc i a0

Pass Marks i 32

BE

BCE

iiu i

0 20 40

Cumulative rainfall (cm) 0 t.L



5. a)

b)

6" a)

b)

7. a)

b)

trtrhat is unit hydrograph? Ilow do you prepare the unit hydrograph for muitiple storm

of same duration? 12+41

'l'he ordinates of 6 h-UIi of a basin are given as under. Derive the storm hydrograph

due to a 3hr storrn with atotal rainfall of 4cm, S-index of O.Scmilr and base flow of
2 rnr/s. tgl

What relum period *,ill yori adopt in the design of a bridge on a river if you are

allowed to accept only 594 risk of flooding in the 25 years of expectccl lif'e of the

bridge? t4l

30 years flood data of Kanralamai R.iver has been used tbr flequency analysis and

after firtiag the Gurntrel rlistribution the 100-year and 50-year floods ate predi.cteri

equai *"o 1200 rnr/s anii 1060 mj/s respectively. r-)aiculate the magnituCe of ilood for

-{00 years return period if reduced mean anC reduced standard deviation in (iurnbel's

distritruti+n tor avaitrable data series are $.5362 and i.l12;l respeciively" Aiso
Calculate 809'o confidence limitso{'500-year 11oo<1if f(c) tbr 80% is 1.28. i8l

Ixplain the concepf of attenuation and lag of peak due to rolrting rvith skotch. 121

Route the fiood hydrograph through a river reach for which tr4uskingum coefficient
K: I h and X: 0.25. Initial cutfl*r.v discharge liorn the reach is 8.0 rn 

j/s. 
[S]

Time (hr) rJ 6 t2 18 LA 30 36 42 48

Orclinate rn'/s 0 a 14 28 1,6 l0 6 4 0

Timc (hour) 0 6 12 18 i0 .Jr) +t
Inflow (nr'/s) B 16 _x0 30 25 2A I< 10
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1.

2.

3' a)

b)

4. a)

Candidates are required to give their answers in their
Attempt All questions.
Thefigures in the margin indicate Fwll Murks"
Assume suitable data if necessary"

l)escribe l{ydrological cycle. Discuss about the uses of Engineering Hydr6}sg-y"

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

l7+2)

[4j

f4l

1.,l

t.8l

b) Foliowing are the data of a storm as recordeti in a tipping hucket located at l.umie
(Lat: 28.3o, I-ong: 83.8") for 1.5 hours: [4+6]

Time ftom beginning of
storm (minute)

10 2A 30 40 50 60 7A 80 90

Cumulative 1.6 D-O 1 3.8 24.2 '1 4 :
-+.L 3 8.4 46.8 49"4 s0.8

(i) Plot the hyetograph of the storm.

(ii) Piot the maximum intensity duration cun e of the storm.

f)cscribe Penman's rnethods to estimate dail;r PET"

In a 120 minute storru the rates of rainfall obsened in successive 20 minute interval
are 5,8,15,12,9 and 2 mmfr. Assuming the $-index value as 2.5 mrutu and an initial

I(1a.)

b)

c)

loss of 0.5mm, determine the totai rainfall, net runoff and w-index of the siorm" I I +2 15 
J

Find the drainage density, avemge length of overland flow, form factor and channei
slope for a basin with the ft-,ilow,ing data: Area of Basin (A) : 140 sq. km, I)istance
between the outlet to the faiihest point (L) = 2lkm, elevation difference between the
outlet and the farthest point (h) : 1090m and total ienEh of the channels of all order
(Ls):654 km.

Define Rating Curve and explain the r:se of Rating Cun e.

Following data is tlre discharge rnea-c-rrerneni of Jhiku khola using stream gauging,
compute the discharge of Jhiku khcla"

Distance frora left bank (rn) Depth (m) Velociqv imls)

At0.2d At 0"8d

0

1.5 1.1 0.7 A"!+2

3.0 2.7 0"85 0.63

5.0 1.9 4.75 0.54

7.5 0.9 0.65 0.46

10.0 0"5 0.45 0.35

12.s

80

32

ii
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5. The ordinate of4-Ilr UH are given:

A catcirment has rainfall of 3.2, 3.0 anci 5.0 cm in three consecutive tw-o hours period.
Assuming an average rir index of 1.25 cm/lu. and base flow of river is 40m3/s, a"t"rrrin"
the flood hldrograph of the catchment.

a) Prove that for a large sample as per Gumbel's distribution, the mean amual flood will
have a retum period of2.33 years.

b) From lhe analysis of available data on annuai floo<I peaks of a small stream for a

ryTod.9f 3f years, 50 years ancl 100 years flood have been estimated to b,-.
660 m'/s and 740mJls' Using Gumbel's method, estimate the 200 years flood ibr the
stream. (Take Y" : 0.54034 and Sn: i.12843 for n= 35 years)

A drainage basin has the follorving characteristics

Area = i80 kful

Storage constant : 10hrs

Time of soncentration: I hours
'lhe inter isochrones area distritruticn are as follows

Deiennine the instantaneous unit hydrograph (IUil) for this catch.rnent.

*+*

li4l

680100

5.

7.

14l

l8l

l8l
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Please providc norma! gr-aph-

Assume suitable data if necessary"

?34

t4l1.

L.

Iixplain water balance equation tluough hvdrological cycle.

a) Dcscribe the procedure of estimation of mean rainfall over an area using Thiessen

Mean Method.

b) Annual Precipitation of station X and avcrage of the 15 surrounding stations arc listcd

belou'. Rramine the consistency of ti-re station X" In rvhich year, the change in regime

observed? Make adjustments in the rai4Q]] data wherevcr ble.

2018 I 2011 2014 2AB

Rainfall at stalion
x@___

2E4Avcrage Rainfall
at surtounding
stations (mm

3. a) Ilorvithe infillration of soii can be measurcd by laboratory method? Elaborate

Ilorton's crluation with neat sketch.

b) The mass curve ol an isolated stcirm in a 500-ha rvatershed is as fbllolvs:

Timc from start (hr 8 110

qqqlotivq Lsr&LI (qr) I 9-19! 2.6 1Q 4"rIt-t 10.8 I lr.8 I 124

if the direct mnoff produced 1...y the storm is measured at the outlet of the watershed as

0.34011.{ml, estimate the $ - index of 1hc storm and duration of the rainfail excess.

a) Calculate the flow dischalge of a ri',,'er fiom thc foliou'ing data using area velocity

t4l

18I

264

i02265

[4+3 ]
[7]

4.

l8l

b) Establish relationship betrveen rainfall and resulting runoff for a large

Point out the factor affecting runoff fi'om a basin.

a) Irrom the given hydrograph below, answer the questioirs:

(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 lhe total time base of flow?

catchmeut.

13f3i

t6l

method usine Mid sectional area,

Year 2022 7021 2420 2019 2016 20t5

173 290 225 246 49:1 320 305 i40 437

.1 JJ l)o 251 -10 I
1Q',)
LOL 244

0 2 ,1+ 6 12 14 t6 18

I l.l)

Distance &om bank (m) 0 1.5 3.0 4.5 6.0 9.0

Deoth of flow (m) 0 0.75 2.,50 3.50 2"30 0.80 0

Velocity 0.2 der;th 0.6s 0.90 0.s0

Velocity 0.6 depth 0 0.35 0"30 0

Velocity 0"8 depth 4.25 0.40 0.24



tt)

60

^50
c
4 4tJ
Q

- 3fi

2B

10

0

b)

4 5 6 i 8 9 10 11

I iBre (llr s)

F'olloq,ing are the ordinates of hydrograph from a catchrnent area of 770 kmr due to
6-hr rainfall. Derive the ordinates of flood hvdroglaph due to 3.3 cm anil 5.5 cm
ellective rainfall of duration 6-hr.

1',-" (hr) __"__

Discharge

i

I
I

I
"t

70

tsl
30

360
71m/s

6. a)

Iv{ake suitabie assumptions regarding the base flou,.

A catchment area has the tirle of concentration of 20 minutes and an area of 20 ha.
Estirnate the peak discharge corresponding to 2-\ years return period" 'I'ake nnoff
coelficient of 0.25. The intensit,v duration frequencv curve fbr the storm can be
expressed in crn,& by:

i : K'I'1(Dr-a)'. Take K : 6.9-?, x : 0. i 89, a:0.50 and n- 0.878. t5I
A hydraulic structure has been designed for a discharge of 350 mjis. Frorn the 25
years armuai flood series data, the mean and standard deyiation are 140 and 65 mr/s
respectively. Calculate the return period for the design flood by using Girmbel,s
method. Take reduced mean variate and reduced standard deviation for this series as
0.5299 and 1.0876 respectively"

c) Discuss application of probability plots ra,ith figr,ue.

7 - 'lhe inflow hydrograph readings lbr a stream rcach are given below for which the
Muskingum coeffrcients of K: 16 1l and x:0.15. Ror.rte the flood through the reach
and determine the out{lorv hydrograph. Also, determine the reduction in peat< and the
time of pcak of outflorv. Outflor.v at the beginning of the flood may be taken as the
safire as inflow"

t6l

t3l

b)

I8l

I

I

----r--l -

0 6 t2 1B 24 36 /l
+1- (+D CA

-)+ 60 66 72

40 6s 215 400 3s0 270 205 145 i00 50 4U

Time ftr) 0 12 ')1 36 60 72 B4 96 108 120

Inflow (cumec) Aa-tL 45 88 28B 240 r98 162 t J_1 110
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1.

Candidates are required to give their ansu'ers in their o\Yn \vor(

Attempt All questions.

lhe jgu,cs in the margin indicate fyU e@b
Assuntc suituble data iJ necessaiy

As a civil Ilngineer horv do -vou justi$" the

Ilydrology for the design of Bridge?

2.a)Explainaprocedureforcheckingarainfa]ldataforconsistency.

Calculate the maxlmu n1 of ralrtlall lor Inr,

I)uration I I
I u,o

-...-.-_-.-- -t---
rinfall(nul) 1 trl

8

dlll

9

am

10

am

11

am

12

am
1

am
2

am

58 6 72 5 (r 1

need and importance of Engineering

5

ancl limitations? Describe the

;;l;
4. a) write the equation of rating curve and cxplain it rvith {rgure' I{ow daily discharge

h-vdrograph is obtained from daili' stage h.vdrograph?

b) Llalculale the flood discharge of N4arin RiYer at Kusr-rntar by slope area method using

t4)

t4I

t8l

u +3 +21

method: [Bl

t6l

t6l

t6l

l8l
foliowing datq: --* --

I

t----
II Florr arca
f --- -

L -y'St S{ Pqrrysts'

5. a)

b)

Reach Length: 120 m

Fall in water surface elevation = l'46 m

Manning's Coefficient : 0"1

What is tlnit Hydrograph? trVhat are its assumptions

method olbase l1ow seParation'

;;;;;1il;;,";l
[ ,l*; I i;tl )
i zi_* _[ roo.- 

-,.]

llL
-----,+-,--"

12.s 162

ing 4 hrs unit Lrru6l s-curve metnoo:

I o I s I to
;l ';J;;;l;

11 t4 16 18 20 22 a^
LA

140 90 50 25 13 3 0
Ordinates of 4

3. a)

b)

Derive the expression for potential evapotranspiration using Penman's method'

Follolr,ing data represents the temporal distribution of rainfall i",8.ury1.:,?r"-*. f:
ih#H,"";"is ii;r. irrurfacc runtff generaterl b), tiie rainr'a[ isi 1.6 c::r calcutaic the

infiltration index. Assume no iry4g! 1g$91 ---.1----- - ----T-- - -r- , -'-

2-fus

Time (hr) 0

0

.;:': $ag['.,; ," '.-r1:r;t1

BCE

iii ri

Full Marks 80

).L

3 irt.
Pass Marks
llme

data.

aJ

am
4

am

5

am
6 1

aln
8

am

E i2 7 6 0 0



6.a The observed amual ood Lor I-othar River

Year I 989 1 990 1991 1992 1993

392Peak
Discharee(m3/s

419 320 65 150 1 170

Year 1999 2000 200 I 2002 2003

Peak
Discharee(m3/s)

781 4.1 ( 539 KO.) 245 293

flom 1989 to 2009 are as follorvs: [10]

Find the flood value u,ith return period of 30 years using Gumbel's Method. I Use
Reduccd lv{ean: 0.5236 and Reduced Standard Variation: 1"0628 for sample size of
20]. trrliat is the return period of peck flood occurred on 1989?

b) Describe Rational Melhod fbr estimation of flood, its assumpations and Limitatic;ns.

a) Wliat is flou,routing ?I*plain ils impoitance.

b) Route the follorving flood h,vdrograph at Clhovar of Bagmati River using Muskingum
method having cocfficient k : 10 lu and "*: 0.2. Following is the inflou. hydrograph
wilh outflorv of Chovar at the stafl is 60m'/s.

tsl

t3l

L7l

7.

,l;t
ilAq

2005

1994 1995 1996 1997 I 998

86 14.7 2t9 142

2004 2007 2008 2049

58.s 71.4 67.2 208

t(hr) 0 6 24 30 36 42 4B 54 60

inflow(m3/s) 60 120 +bu 260 160 100 90 60 4A
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Subject: - Engineering I'{ydrolagy (CE 646)

Candidatesarerequiredtogivetheiranswersintheirownwordsasfaraspracticable'
Attempt Alt queslions'

T:f*n;:,:l:'#trf;:;::::::;Fut'luat* IB-ryqP,
LIBRARY

Discussri.;-.eil.3i.,.;l.-'..:.'].':-.'..:.:.;..:.::..-'.-.--.

,r) r\ crrchrne*r has slr 
i:;1....1],*ioi,*l;;; Tr1,;:-i;I'l,11lli: ;ll:l';x,'fi;:,x*,:*

by the gaxges ale :is lolll\\: -tv' - -'" 
umber <lf static,ns inthe

in lhe estimation oJ-the rrean liiinlaiL' calc:ulatc lhe r:ptimunr n

b) Esplain brienv the followin* Tlill:i:In.',:X13,j: *:.flTJX'#ffi"o*'.X1; 
o*t" 

r3+rl

a) What are the advantages of double ring infiltrometer over single:"::"tlt:"i::::lieJ:ilh:i:lJ #"1;; i,,i"" riil rnteniity-Duraiion Frequencv Relationship

l.4l

Determine <p-index for a w-ater*t'*d. *it1 l.TP":: ::"ir:tr:;,t^H: [JiJ["#t, 
?,"mff.*;fffirili ^1 

ffiI,#;}*.*ar*"o, u'" as the fotlowing table. rake
t6l

;#;;";.ff as e2,8oo mr'

i-""*g"-.*, : -.-;
i fn"t"**@nfAt ("m) l!,

4.a)WriteaboutthemethodspracticedinNepaiforestimatingrunofffronrungauged

' ' : ' ':--'J' 'ir 'i :tICa:i- u)li.'; 
' 

j:''"-i :i',:''' ' rr! rullrrts
1 -. \t l^ *^-,!-an \r,rc tr!eai 1O 1l1t';-LSLllULi

qf curreri increi is r : g'r: - 
'.1 

t'',: "Jllll::c^l::::::::"*'used 
to tneasured

;;;;;,ty ai 0-6 d a"pti'' Calculate the discharge of the stream"

5. a)

catchmenl"

basins.

Oistince A"* Ue4E@

No.q!l"t:-
Time (sec)

The ordinates of6-h IIH ofa basin are given as under'

---l-o I al-lz i-iql-ul"lo1
l-.*,r;,;"*"J n-l ?hi l-z; Fo l-i-l

Derir,etlrestolmhydrographduetoa3.hstormwithatotalrainfallofl5cm.Assurne
initial loss of 0.50 "* "ij 

ip-index of 1 cm/h' Take base flow of 4 m3is'

Explaintheconcept-oftheunithydrograph'Whataretheassumptionsandiimitations

I

t8l

[2+4I
of unit hYrirograPh theor-v'?

<rl -- (r
-r.o 5.5

0.8
a- A
L.',+

0"5 th 7.4 2A 1.8 1"2 0.6 0.c
IJeprn (m, 1.7 LO l4

58 53
A<t-



6' a) Analysis of the annual flood peak data of a certain river covering the period of25 vears has the mean of 8520 and standard d-;;;;';f ;;;;rr: {.ir"" propor"owater contror project near this ri1*.1-1, an expect.d life of +r y"*r.^ri,e policy..

[4-2]
decision forproject provides the reliabiliti, ofSSio.
(i) Using Gumbel,s method recommerd pee-k disci:arge. Take y; : 0-53@ andSn : 1.09i5
ttt'Hffidesien discharge if factor of safeq'is 1.3 and arso the corresponding

o, frm*"Tf.:y g.:llo,.*:: T **& 80 mins are 40 m,o, 70 mm,
L?)

90 mm and 100 mm respectivet-.liil:ffi':IJ^":H=*"1uT'o,/0mm,
-_nt is 0.01, nrnoff-

n
Y basic piinciples invorved in the development of IUH b,v clark,s

c) Why flowror*iqg is required? Explain Time-Area method of Routing.
**

t6l

l6l

A drainage basin has area of 15? km:, storage consrant : gh ad time ofconoenhation:7hhc &e foltowing inter isochrone *"" &*iUoi* dr* -- -

-

rrrrch '0_l tl-2

7. a)
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Candidates are required to give their answers in thpir own words

AttgmptAllquestions' * ,.tt---.)
The Jigur e s in the margin incticate f ui! tvtli*s'

Assuie suitqble data if necessary"

Explain the hydrologic cycle in nature wilh the help of a neat *"1"h

Discuss three different methods of deterrnining the average depth of rainfall

catchment.

Following are the rain gauge olservati.o+L dy'g " :t11r'' 
Construct Eurss curve

pi*ipi",l"r,hyetograptr-andma"ximumd"n*d*1"on"*!',,, =,., =,

Oir.os iri.fly methods used to estimate evaporation from a lake'

;;;;"** ;; *; *'*1 ps 
^.":t"j"li:i 

d31"f 
T;D Tl ffi f "Hit"r'l,i 

-"qt
I:li"X'"*I;.t,fi ,'fi i-:d,ii:l',:j*i:*::1"'L?i;#**;13--lt,Tt1year iu crfr,. !6.7 r 14.3, I./'tr, Z)'U, '46'0' zr"t' ru" t rv": tv"' --- 

* ** 2.g0 kmz and at
ffi#;;;; r', "i,r.",-*tv 

h *" !:919F:llTlT"il,**T" loss of water cue tospr'ao area ul a ra$E uEnur 
si m2. ialculate the loss of water due to

t6l

t8l
"r"p"*f"" 

f" tha! year, AssufiIe apan coeffrcient of 0'7' 
-,

roi rrogaog*d basins, how would you determine the monthly flow from rainfait? Expiain

any two methods

?. The high flow water surface etevations of u:.L*1:.*iY"::":::1"?"-Y }f,ffi: 
3a6'eza

,1fi,fr-,,H;;t:'lT#ffi-;#;;J;"u *a wetted perimetets are as follows:

Assume n = 0.02. The eddy 1oss coeflioient is 0.30 for gradual expansion and 010 for

gradual contraction. Bstim# the discharge at the stream' Section A is upstream of B'

e. i"nr" flood hydrograph, Direct Run of Hydroeruph (DRT) and unit Hvdro$aph' wdte

the diJferentmetho;s iruus" now separation in hydrograph analysis.

TIBRARY

1.

2.

J.

over a

t4l

t6l

t6l
of

t6l
4.

5.

6.

t8l

18l

Exam.
Level BE Full Marks !v-

32
Programrne BCE .Pass Marks '

Year / Part TTI 1I Time 3 hrs.

as



g. The ordinates of a 2-h tIH are given below. Derive the ordinates of a 3-.h UtI bV S-ourve

method. 16l

Time &r)' 0 2 4 6 I 10 12

Ordinates of 2-h UH 0 12 48 78 114 72 54

10. Write the equations of flood prediction by rational and empirical methods. Also $nite the

limitations and appropriate uses of these equations.

ll.For a river the estinrated flood peaks for two return periodsby the use of Gumbel's

rnethod are given below:

Return period (lrs) Peak flood (m'/s)
100 i020
50 850

What flood discharge in this river will have a return period qf 500 yn?

12. A drainage basin has the following chaxacteristics: Area: 120 lqr2, dme of'concentration

= 14 h, storage constant: 10 h and inter-isochrone areadisfibution as beiow:

Ttavel time fhr} 0-2 2-4 4-6 6-8 8-10 10-12 t2-14 14-16 16-18

Inter-isochrone area (km') J t0 2A ?6 18 18 13 I 4

Cornpute the flood hydrcgraph by using Clark's method.

t

l6l

t8l

18l



TRIBHWAN I-INIVERSITY

Examination Control Division
2078 Bhadra

Programme iBCE
Year / Part

t

Ce.nciiiates aic required to give their answers in their o
A ttemlti AJJ t7 uestio n.s.

T'he jigures in the margin indicate Fuil$grb.
{; ryf, h tt il p er }t; il{ le pr
Assztme suilcble tlata if necessary.

saluration vapor pressure ar 25"C is 2-i35
0.36"

mn:. of FIg. Take Meyer's coefficient as

l5l

ttc.rble.

1. What is a hydrologic cycle? Why do '*e need to study hydrologic cycie and wabr budget
equation? 

[1+3J
?. a) What are cofitmon causes of inccnsistencies ia rainfall dara? Please demon$nate

apptications of mass curves wi& appropriate illus-trative examples. [3+3J
b) Mean and standard deviations of annual rainfall estimated based cn ser.eir srations in a

'catchrnent are 143 mm and 31.6 mm, respectively. Fcr a 7Yo error in tirc estimalion of
mean rainfail, do we need additional rain gauges in ihe catchment? If y*f r*'hat are
tire minimum rurmbers of additional rain gauges required to be established in the
watershed. t5I

3. a) A reservoir of a hy&opcwer project has a surface arca of 2 km2. Estimate voluine of
water evaporated from the reservoir in March (30 days), if temperature : 25oC,
relative humidity = 7$yo, wind speed at 2m above the ground surface is 12 km/h, and

5.

b) Daily (24-hrs) rainfull observcd over a catchment of I km2 is 10 cm. A }iorton's cune
with a coefficient (K) of 0.5 hr-l indicated an initial anti final infiltration capacities of
0.8 cnvtr and 0.3 cm/hr, respectively. If an evaporation pan (pan coeffrcient = 0.2)
installed in the calchment indieated *.5 cm drop in the rvatlr level dtiring the 24 hours
of its operation, delermine runoff fiam the catclirnent. tsl

a) During a flooci llow the cross section of area of a river were measureci as rio m2 for u/s
anci 4-{ m? fot d/s at two sections 6 km apart. Wettecl perimeiers cf these sections uere
18 m and 14 m respectively. Elevatiou difference iretwee.n ifs and cl/s bed of tLre river
was 0.45m. Estirnate the fiood discharge of the river. 'fake h,{anning,s rugosity
coeffrcient: 0.025 and eddy loss coefficient: 0.15- tSj

b) Explain the methods practiced in Nepal for the estinnation of runoff fiam an ungaugedbasin" 
[6]

a) Discuss how clifferent factors afiect flood l:ydrograph. What are varicus rnethocls for
baseflow separaticn? 

[.] , l,i
b) Obsen'ed streamflo'r.v in a catchuent (Area -= I'C0 krn2) ftom a siir:.,;rl everlt of 4 hours'

duration tahuiateil }i*reuncler. If baseflil'.v:i ,.j rr,3,jq, deriv* 4 hr Lrlrt
risee!) U A ao

.:1
IL lrl IU Z+ L6 J:, 1,4 40 14 .+6

Obserycri florv (mll,i 10 100 230 1qn r30 i00 7A 60 5fl 30 ztl l5 10

t8j

Exarn.

Levetr BE Full Marks 80

Pass Marks 32

mlI Time 3 hrs.



6. e) Using giv..:l data lor anrtual drscharge in a ..,ectiio:: of a river from year 2U00 to 2009. [O f 4j
iiJ Calcuiate sample mean, sarnpie starrdard .leviation and sarnple coefficient of

sker'.ness.

(ii) \l'"hat '..'oulii be the probi:bility of the flooc of n:agnitude 25C rn3is occuring in the
ilext -i cii?

Yeirr 200c tcO1 24fr:: 20s3 2004 2005 2405 2007 2008 200q
I)ischar?c (m.,/s) 33.9 31.7 ;? tr.5 59.6 50.5 38.6 43.4 28.7 32.0 5 i.8
Reduce;i mean 3',,: 0.4952, Rei',. ---td Sienr:':i-.:i ijevjaiion (cr*) : 0.9497.

b) Defin* iher term-c exccedance;r,ri;ability, rccuiience interval and tiequency facfor. i6l
7' a) Whar are the processcs thai Ciark's rn*thcd ci:nsiders in ihe transformaiion of excess

precipitation to runofi'? Ht)rv are they a,_ricleii? ljl
bi Routt the follorving h3,'drcgrapii througir ii r ji'er reach with rrruting parameters K and

x as 10 and 0.20, respectivel;.'. Take oirtiji,-.',,ilischarge at the start of inflcr1, ficoei as
5 m:is. Alsc estimate attenui:t"l;r an.J ia.j ;i ic*l;. i{i+2]

Tirne 0 5 10 1;< 2A 25 30 35 4{}
Inflov; (m'/s) i0 JU 45 4ti 30 1O1l) 12 8

**+
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Anempt Atl questions.
The figures in the margin indicate Full Marks,

A s eo a r at e gt@llilwlderl
Assitme suitahle data if necessary.

1. The catchment area of a reservoir ls 15.5 km2. A unifotm cnr,h for

[2+4]

Isohyetal interval (cm) Area enclosed (km')
>70 tr25

60-70 225

50-60 215

40-50 350
<40 150

iixpiain with neat sketctr totdctermine the infiliraticn capacit,v of soil b1' using d-ouble ring

infritrorneter. I-iow you differentiate $ index fror.r ui-index. [5+3]

The infiltratlon rates obsened during a test on a doutrle ring infiltrometei are as given

beiow:-

Timeftrs) 0.0417 0.125 U.JJJ 4.75 1.5 2.5 1.5 4.5 5.5 6.s

f(cm/hr) 0.781 0.747 0.662 0.53_5 0374 0.255 a.2?4 t-r 11 O\/,afo 4.207 0.20?

Determine the colstant fs, f. and k of Horton's eqr.iatic'n whil.h fits t}'e abovt data.

With the follc'*'ing data. compute dischargc for a river'

Disiance forrn 1s:ft bank (m) 0 1I 4 IU 13 16 19 20

Depihim) 0 1 1.25 1.75 2.is 1.,5U 1.05 0

Revoiution at 0.6d 0 30 40 .-t0 4C l5 25 zfi 0

Ilrrration ol' ohselvatiansis*c) fl I r.r1 r i00 ifi 50 50 I (i0 1 iitt U

Caiibrated value of constants f+r r",',ri'ri',i- nliter; a = 0.5 i ancl b - 0"Ci

.ox*1,{''-
1:,.Tffi
'. +1.* .is ,#Ew

2 hr was observed on a particular da1'. 659/, of precipitation reached into the reseivoir. A
canal carrvins a flow of 1.1m3/s is taken fron, the reservoir. Thc raie cf evaporatii)ll \i'as

0.6 rnm/hi1mY. Assuming seepage loss to be 450.4 of evaporation loss, find the change in

reseryoir level for 10 hrs, if thi water spread of the resenoir u'as 0'6 kn2.

The ni:rmal annual rainfall of four stations A, B. C and D in a catchment area is

i150, g40. 10E0 ancl 9BC respectively. In a parlicuiar 1'ear the staticn B aid. not *ork and

the rainfaii amount of A, C and D were 1000, 970 and 89'J respeciively. Compute the

missing precipitation at point B fcr that year.

Write down the procedure of developing Depth Area Duraticn (DAD) cun'e' From an

isoiiyetal map prepared for 12 hrs precipitation, following data are obtained.

+.

5.

i
I(,t

t6l

Exant. r;;i[i;$.1j.rj.1-1 -,,', -_.l:i_ eAuhr : 
- -j'"1
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lafe the flood discharse of a sffeam by the siope area rrrethod g1ven3!_q91ex/:

Upstr%m ftow area= 45 m) Do-*,niireani Fiolv area : 50m'

Upstream wetted Perimeter = 26 tr Dor.l.nstreatn rvetted perimeter: 28 m

Upstrearn velocity head coefficient = 1.18 Downstream velocity head coeflrcient: 1.23

7. Calcu rrrethod below

l-alling Diflerence : 1. l5m, Reach length : 7km, N{aruring's coe{ficient q : 0.03

Thc ei'dy loss coet1cieni of 0.-? tbr gra,lual expansion and 0.1 for gradual contractir-rn'

8. The ordinate of 4-h UH are given:

A catchrnent has rainfall of 3.5 crn, 2.5 crn and 4.5 cm in three consecutive t*'o horu

period. Assuuring an average qo-index of 1.25 cm4ror;r and basc {iovr cf river is 50 m3/s;

dcternine the flood hydrograph of the catchment- U 2l

9. A river, whose annual tlood peak can be representeci by Gurnbel distribution. has

100-years and 500-years return period flood of magnitude 9900 m3/s and 12100 m3/s

respectively. The sample size: 30. i4+4+-l+3]

Iin =0.536, Sn =1'1i24]

a) \irhat is the magnitude of 200 years and 1000--vear flood?

Uj U,lat ate 95o/o and 809i, confidencc limils for 200 year and 1000 year flcod if f(95%)
:1.96 and f(80%) :1.28

c) A hydraulic struoiwc of 25-year life u,zs designed lbr i2300 m3/s peak flow. What is

the liydrologic risk of this structure?

d) \\tai peak horv should be taken into consideration if yau want the structure to be

999/o reliable for a structure life of 25 yerus.

10. A drainage basin iras the following cluracteristics t8l

Arca = 180 km2,
Storage constant: 10 hours

Time of concentration : I hour
Thc inter isochrones area disiribution are as follows

Trayel time {hr) 0-i 1-2 z-3 3-4 4-5 5-6 6-7 i-'5

lnter isoclxones area (krri') l4 38 28 Jb 30 20 10 6

Determine the instantaneous unit hydrograph (IUH) for this catchment

{a,B l:

t8l

Time {hr) 0 2 A- 6 o
5 10 12 14 16 18 2A 22 .AL+

Ordinate (mi/s) 0 30 100 i50 200 r<n t.)n
LLV 80 40 30 20 6 U
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lqas fa

2.

3.

a) In a certain catcJrmen! inflow rate into &e' eguation I=2t m3/s. f ioss n frJ.Liln*"o,
storage in catchmentwith in 3 h.d;;;.

Assum"suitobl@xa4,.

MeanRH= 75%

carchmenr due ro *i"ii,ff irffin U.uis neglected, determine tt . 
"i*g.1',b) Justi$ the uses of Hydrolory in Engrneering Desigu '

::::::i::1T" 
recorded arrruat 24 hrma,ximum **** are given betow.

3:ff:r:*."14 
hr rna,ximum rainfarr with rerurn periods of 50

a) 
_Caleulate 

pETforMaymonth 
by fenmanmetma.

Meanmo_nthly temperahre = 20uC

t4I

t3l

t8l

Mer{n Sunshine hoar = I0 hr.
Potential Sunshinehour: 13.5 hr.
Wind velocity athmt dglrt = g 

-ilr/i".
Albedo = 0.029
Upper tereshial solar radiation = 14.4 mnn of HldayLatitude =27o; Longitude = g60
Saturated vapour presspre at11oc= l lmm ofpgSlope of Saturated vapourpressure: 1.42 mrnfc

b) A storm with a r5-0 rm precipitation produced a direct runoff or g.?"*.
Jp$bulongf sto.- i* u, r"rio.ir.

I8l
The time

4- a)

b)

Defi,c cttchment. what are the factors affecting runoff from a catchment?
For the puryose of discharge neasurement .

gtgglglaa hu* i;* obtainc6. tn a strean: by Slope-A-rea rnethod the

lsl
[l+5]

fof
Lol

ncrl.

Middle SectionArer (m2 DIS Section:
Wetted."J*l7ll7

i uJ. /) i 02.53 96.63
64.25 6n ?n 58"00-uauge $eadig{m) 315"5
0.025tlilrylgr_t*+rr*ri 3lr l5

4.027 fl {i?queieifrl:Jle the _rtrcam disch.:ruurEliririe rne _rtrcanr di5cii-r : !i f or i"n s.t[Tr,",;AiU/Sassuming coefficient of cc;rir:ition X*urTt.
and DiS seciions 260

seml years by using provided
Year r950 5t 52 53 54 55 56 57

t2J
Ppt (cmi I3.0 t?"a 7.6 ld? 1Aa 8.0

58 5S 60 61 52 63 64 65
11.2 8.9 8.9 7.8 9.0 fi.2 8.5 7.5

I 2 J A.t 6 7
I.

8

0J5
0.6 1.35 3"4s 2.7 2.4

", 3"rji1;hifting 
cantroi in :tr::.; rirscl.arge rclatie,nsr:ip" \\.i:rit are rhe causes *f sruftins.

[ 1 r-rl
i., 'L-l

I



5. a) Define unit hydrographs and e4Sain the uses of hydrograph.
b) The ordinates of a 4 hr uH of a basin area of 300 km2. three hundred square hnmeaswedatl_hrinternalsare6,36,66::1,.f06,;i;?g,d,s_g,49,4t,34,a.,23,L7,

13,9, 6, 3 and I.5 m3rs rcspecti*rv. outuio trr;;r:dfi;]'of a 3 hr uH of the basinusing &e s-curve technique.- 
E'y v'w'4twD I

6. a) In the time series data of annuar peak 
lroo{for z5 yearc,the mean and standarddwiations are found to be equar io sior *%;; iis-#; respectirrcry. usingyn = 0.556and Sa=t.lg9 (for 25 yrs).

r) Determine the peak flood for 0.4% probability of exceedence by G,mbel,smethod.
ii) Compute 90% confidence limits for above floods, using {c) = 1.6 for 90%confi dence level respecti vely.

b) Explain the rational method of detemrining the floods. AIso $rfte down itslimitations.

A drainage Basin has the following characteristics:
Area: I l0 Km2, Time of conc.rtitioi= id h, storage time constant : 12 h,nd inter-
i_s-mhranes area distribuliqn as below:--

tsI

IIOJ

7.

[4+4]

[6]

t6I

2h-IUHroathifi;mnr

Travel Ti,ne fh) 
.--_

r^il-I-ll-l] l--;-- 0-2 2-4 4-5 6-8 8-r0 10-12 tz-t4 t4-16 l6-18
^rr.rr -rJUUlu ufle fuea IKITI-

-

Determine the Clark's 2h-
1- I e-r?f 22 16 l8 t$ I 4

+*rt
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1. Explain hydrologic cycle rvitli neat sketciies anC justify itS neeri

Hydrology. [3+2]

2. The rainfall ctepth with tirne during a storm at a station is given below. Compute
maximum average intensities of the rainfall for durations 30 minutes, 11u,2lu, and 5hr

3. a) Explain the water budget and energy budget methods for estimation of evaporation. [3+3]

b The mass curvc of an isolated stortn in a 500ha rvatcrshed is as follorvs:
Time from strat &) 0 2 4 6 I 10 12 74 16 10IO

cumulative rainfall (cm) 0 0.8 2,6 2.8 +.1 /.3 10.8 11.8 1^ y'
12.6

is baseflor,r., estimate tire d-index of the
determine W-index if tire otlier losses in

If runoff measured at the oritlet is 0.361Mm
storm and duration of rainlall excess. Aiso ,

the storm is 0.1 Mm3.

Differentiate actual and Potential Evapotranspirations.

Following are the data of gauge a:rd discharge collected at a palticular sec.tion of 1he

river by stream gauging operation. [6 t'2]

i) Dereiop a gauge-discharge reiationship for this stream at this section for use in
estimating tire discirarge for a knorvn gauge reading. \Vliat is the cocfficient of
conelation of tire derived rclaiionship? Use a:7.5m lor the gauge correspcnding
to zero discharge.

ii) Estimate the discharge conesponding to a gauge reading oi- 10.5m ai. this gauging

station.
Gauqe readins (m) Discharge (m'/s) Gause readinc (m) Discharte (mj/s)

7.65 15 8.48 170

7.7 30 8.98 400

57 9.30 600
no/.o 9.5 800

7.9 60 10.5 1 500

7.91 100 11.1 2000

8.08 150 ll.7 2440

[s+r]
iilr"lc)

4. a)

and the intensit uratton curve.
Time
fhr)

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00 l0:3C 11:00 1 1:30 12:04

Rainfall
{mm)

0 6 6 5 8 5 9 t3 6 4 3 2 0



b) Caiculatc tirc discLerge in a stream by using mid-section mettrrod flom provir'led rlata'

A current meier is uscd to measure viiocity at C.6 depth and caiibtated as

t8l

5. a) Definc strrim hyilrograph, ciirect runoff hydrograph and baset'low' Explain the

methocls tc separate base tlor,u strom li-vdrograph with ciear: sketctres'

b) Foilorving are tire ordinales of ilydrogral:h from a catchment area of 770krfi due to

6-lu rain{bli. Dcrive the ordinates of flood hydfi:graph due to 3"3cm anc! 5'5cm

v:0.3N+0.004
l)istance from right bank (m) 0 2 t+ 6 9 12 15 18 20

Depth (m) 0 0.50 i.1fi 1 OCt 2"2 i.8 1.1 0.7 n

N*mbcr cf revoluli.tns 0 BO 83 i30 i16 100 90 0

Time (s) 0 170 110 100 r00 100 i00 90 ti

effective rainfall of duration 12-hr

85%.

1 Urirg Gumbel's Meiirod recommend the flood dischargc for this praject' Take

y*:0.5252 and Sn:i"0696 for 21 years'

i;1 urriat would the 80% conf,Jencl limit of tire above flood if f(c):l '282 at 80%

confidcnce Ievel.

What <io you understand by flolv routing?

[3+31

l10j

[3+3]

i1+41

6. a) Explain Rational method of flood prcdication " Alsc mention its limitations & uscs'

b) Anaii,sis of the annual flr,od peak of ri.rer cf 21 yeius yielded a mean of 8520rr3is and

standaril dcviatioi of 39COrn3ls. A prcposed u'atcr control project on this river. is io

iia,e an expected life of 40 },,ears. The acceptable reliability by the design policy is

7. a)

k\ A drainase basin iras the following characteristics:

;;;'f i;;-;', ti,"" of conc-cntration:l4 lu, storage constant:10h aud inter-

L/)

t6l

isochrone area distribution as below:

Ttavel Time (hr) a-2 aAL-a 4-6 6-B 8-l 0 10-12 12-14 14-15 16-18

lntci-i s o ciuone are a (km' ) 4 i0 2l ./.+
1t)ro 20 tz 9 5

@raph by using clark's IUH'
* {3 l,:

t (hr) 0 6 t2 18 24 30 36 42 48 54 60 65 1.,,

Discharge
(m3ls)

40 65 2t5 360 400 350 274 205 145 100 1fi 50 40
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Explain ffiEe'aass curve method for checking a rainfall data for consistency.

what faefisns *m*dd be considered. in selecting a site for stream gauging station.

The cat&rent aea of a reservoir is 1600 ha A uniform precipitation of 8 mm/tr for
2 lrour was ob*rved on particular day- 55% run off reached the reservoir. A canal
carrying 3 flour of lm'/s is taken from the reservoir. The rate of evaporation was 0.8
mmfldnf- Assurning seepage loss is 4AYo of evaporation loss, find the change in the
reservoirlevel for6 hours, if the water spread of the reservoir was 45ha-

Explain $e differsrt methods of determining the average rainfall over a catchment
due to a stomr.

Calgulate the potential evapotranspiration from an area ne.!r Dharan, Sunsari in the
month cfapril by Penmans' formula. The following data are available.

Latitude: 26"-49'Ntr, Elevation (from msl) : 250.00 m
Mean rnonthlytemperatwe :22.5"C, Mean relative humidity: 25%
Mean observed sunshine hour: 10 lu Wind velocity atlmheight: 80 km/day
Psychrornetric custant : 0.49mm of Hg/"c Reflection coeffrcient:$.2$
e," : 20-4rrrm of Hg A: 1.24mmloC b = 0.52, IL = l4.9mm of evaporable water per
day b
Mean monthly value of possible sunshine hour (N) : 12.7 hours
Nature of sunshine cov-er: closed ground green crop, where the symbols carry their
usual meanings t -

3. a) The mass clrve of an isolated storm over a watershed is given below.

Time frorn start (hr) 0 0.5 t.5 .,
L 2.5 J 3.5 4 4:5 .)

Cumulative rainfall (cm) 0 0.6 1.4 1.9 2.8 J.t 5.4 6.2 I 7.8 8.2

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

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

Time 0r) 0 a 4 6 8 r0 12 14 16 l8 20 22 24
Ordinates of 2-h UH

. (m3/s) c

0 25 100 160 190 17a ll0 70 .30 20 l5 6 0

calculate the flood discharge of a storm of 3h and 2h rainfall of g cm and T cm
respectively. Consider @-index O.3cmihr and baseflow l0m3ls.

l6l

l4l

t6l
2. a)

b)
l6l

ll0l

t6l
b)

[10]



o,*

The ordinates of 4 hr unit hydrograph are given below'

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.i5 cm/t[ and base flow of 40m3/s. Determine the 2 br

UH and resulting flood hydrograph from above storrn'

b) Annual flood peak flood of a river for 20 years yielde{ a-meP value of 5460 m3/s

and the standard deviation of 2950 m3/s, The proposed hydraulic project on this river

has an expected life of 35 years and reliability of project is87%.

(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 deterrnine safety margin on this basis'

(iii)calculate the confidence limits at 95% confidence probability f(c) : 1.96

Route the following hydrograph through a river reach for which K: l2hand X : 0'20' At

the start of the in{low flooi, tire outflow discharge is 10m3is also find lag of peak and lag

attenuation.

rr21

UzT

tl0l

5.

+nr Ug ordinates (m'/s

Time (h) 0 6 12 l8 24 30 36 42 48 54

lnflow (mils) 10 20 50 60 55 45 35 27 20 15
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: |. Explain water budget equation. What is the role of water budget equation in hydrology? L2+21

2. The arurual rainfall at station X and the average ofannual rainfall at 25 surrounding base
stations in can are given below for the period of 36 years starting from I 94 I [6+l+4+3]
i) Check whether the data of starting X is consistent
ii) In which year a change in regime indicated?
iii) Compute the mean annual rainfall for stations X al its present site for the given 36

year period first without adjustment and secondly rvith the data adjusted for the
change in regime.

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

3. a) Starting from Horton's equation. derive an expression for total infiltration in time "tn.
Also draw graph showing infiltration and total infiltration../s tr'me.

b) Calculate the potential evapotranspiration from an area near Simara, Bar4 in the
month of April by Penman's formula. The following data are available.

Latitude:27'N

Elevation (from msl): 107 m

Mtan nr6nf nlv tr,!1p(i:.a1. :,.. l_,_i.,C

Mean relative humidity; 75%

Mean chservei: sun.rhin. hnur: 10

Wind velocity at2m height: 85 km/day

Nature ofsunshine cover: ciosed ground green crop

Given:

A:7.Z7mrlrlnC

H" : 15.00 mm of evaporable water per day

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

': Saturated vapo3-u pressure at23"C:21.04 mm of Hg

14+21

tl0l



4' a) Calcriiate the flood discharge of a stream by the slope area method given the
following data:

-. 
Upstream flow area:3500 m2

Upstream wetted perimeter: 650

Upstream velocity head coefficient: 1.17

Down stream flow area :325A m2

Down stream wetted perimeter :621m
' Down stream velocity head coefficient: 1-21

Falling difference = 0.4

Reach length: 1300 m

Manning's coefficient q :0.03

Describe about the use of current meter according to flou,'characteristics of channel.

What is Unit hydrograph? What are assumptions and limitations of UH?

In a storm, the rainfal! of depth 0.7cm,0.9cm, 0.2cm, l.0cm occurred in four
successive hours. The storm hydrograph due to this storm has following hourly
ordinates:

0.5, 44.5, 1 1 0.5, 95.5, 102.8, g4_0, 3g.4, 1 8.6, 10.9, 5.3, 2.9,0.5 m3/s

If the average losses are 0.2cm,/hr, estimate the howly ordinates of unit hydrograph.
Assume suitable value of base flow. calcurate 2-h uH using scune Method.

6- A river, whose arurual flood peak can be represented by Gumbel distribution, has
100-years and 500-year return period flood of magnitude 9900 m3/s and 12100 rn3/s

b)

5. a)

b)

tl2J

t4l

L2+2]

t8l

respectively. The sarnple size is 
" 
: :0. 

[V" 
= 0.536, s, = 1.1 I2al [4+4+3+3]

i\ \try'hnt i5 the magnitude of 2C0 vear and i000 _vear flood?
ii) \.hat arc 95lt and,80%, eolfidence limits.for: rGO jrear ar,d l00O '7:ar. llc,od if

t(95W - r.96 and f (8c%): l.2B i
iii) A hydraulic structure of 25 year life was designed for 12300 m3/s peak flow. What is

tl;,. fuy6lr.rinoiC riSk Of t!rc Stn;ciUre?
rv) $,?ret peaii flow shoulci bt ;akcn rnto consicieratun il yoi *-*r, ihe str.ucti-Fe ro rrc

99Va rcliable for a structure life of 25 years.

A Crainase basin has the following Characterisfics. {41

Area= l72Km2,

Storage constant: 10 hour

Time of'conceniration : 8 hour

The inner-isochrones area distributions are as follows

Travel Time ftr) i 0-i l-2 z-5 .A
J-{ 4-5 5-6 6-7 7-8

Inter-isochrones area (Km' 11 10 26 36 28 18 8 4

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

equations.

What factors should be considered in selecting a site for stream gaugingptation.

t4l

3.

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, 77 .0,27 .0,

40.5, 49.0, 63.0, 84.0,95.0; 102.0,110.0, 712.0 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. Ll2l
a) Explain energy balance equation and derive evaporation equation using Bowen's ratio. t4]

b) For a storm of 3 hours on 50 ha catchment, the rainfall rates are as follows: t6]

Time of rain from beeinning (min): 0 30 45 75 100 125 150 180

Rain fall rate (cm/hour): 0 2.5 3.5 2.0 4.8 5.2 1.8 5.3

If the 0 index of this basin is 2.5 cm/hour, calculate total rainfall, runoff in (cm) and
peal discharge.

c) Explain interception and depression storage losses. How these losses are estimated

during hydrological analysis. 12+21

4. a) Explain how stage discharge relationship is established. t4l
b) Explain the procedure of stream flow measurement by area-velocity method. Also,v describe the mid section method for discharge computation using sketch and

[3+3]

141b)

5. a)

b)

The 3 h unit hydrograph of a basin with an area of 20 km2 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/tr 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. [10]

A 6 h unit hydrograph^of a basin has a peak ordinate of 96 m3/s. When the base flow
in the stream is 25 m'ls, 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? t4l



,'*

6. a) The annual peak discharge of a river follows the Gumbel's extreme value distribution
with a mean of 10000 m'ls and a standard deviation of 3000 m3ls. What is the
probability that the annual peak discharge is more than i5000 m3ls? What is the
magnitude of the peak discharge with an exceedance probability of 0.1? [Hint:

1.28255cc- '11 = p-0.48o
o

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]

7. The ordinates of the inflow hydrograph at 6 hr interval are as follows: t8]

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) t40 t41 142 143 144 145 146
Outflow Discharge (m'/s) 0 t70 482 883 1360 1905 2500
Storage *10"(m') 0.00 15.0 35.0 60.0 95.0 140.0 240.0

Determine:

i) Maximum reservoir level
ii) Maximum outflowrate
iii) Reduction in the peak

***

t8l

Time ftrs) 0 6 t2 l8 24 30 36 42 48 54 60 66 72 78 84 90

Discharge
(m3/s)

0 50 280 610 t290 1900 2130 1900 1600 1440 1060 780 500 370 220 t30
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Define the following terms: hydrological cycle, runoff, water balance and catchment.

The catchrnent area of a basin may be approximated as a semicircle of radius r km with

respect to the corcrdinate 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), 
[;,;)*o (;,;)*. tno*

o'1, 
1o.s-o .251n) and (0.5-0.25/n)

TT

Muskingum
discharge is

l.
2.

that the Thiessen weights of the gauges are given by

respectively.

3. a) The ordinates of a rainfall mass curve of a storm over a basin of area 850 kmz

measured in mm at one hotr 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

fo:6.5 mm/h, fc: 1.5 mm/h and k:0.15 /h, estimate the resulting runoffvolume. tl0]
b) Write down Penman equation and explain all variables and constants involved in it. t4l

4. 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.

ri 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 km2

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 using

. appropriateexpressions.

b) Given below are ordinates of a 4 h unit hydrograph of a

intervals.

in m3ls at one hour

4,25, 44, 60,70, 61, 52, 45,38,32,27,22, 18, 14, 11, 8, 6, 4,2, I
W,!ut is the area of the basin?

G. The observed annual peak flood of a river in m3/s for a period of 20 years from 1981 to

2000 are given below: t14l
190, 155, 298, 736,137,131, 140, 124,185, t04,91,154, 109, 269,164,270,742,72,
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
coefiicient k=10 h and x:0.2. At the start of inflow flood, the outflow
10 m3lsec.

[12]

t4l

t4l
t6l

t8l

t6l

7.
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wgrds as far as practicable.

tn

I, E4plaiuH,vdrologic

2. a) Explain the
dueto a storm:

Ui Bxptain double

3. a) E>5plainbriefly
a

'. .12+21 -':

,. [3+31

A
i

b) Explain the

a) Determine the stage
i.r:n'e:

average rainfall oner a catclunent
of the various methods.

lake (iii) W-index

evaporation fionr a lake.

zero dischaige from tle fotlowing data of a

16l 
.=-

[6] ,

t8l

t8I

At

ro
@
500

.380

2N

_h

u
g,

*t.t,

r
i=
trti
I'..l.

'lr
.15.G
9)g
A

Note .

in = inchis
cfs: cuiric feptisec
12 inches: 1 foot
I Acre :4356C sq.ft

7 {56
tlmert

7

{n} Eeteadiue the eacess release- dae ofthe basb.

,, $) ,S{hat,pprg€ffiage#f the drahpgo basin wascon&feuriag to dtrect rsao$4'hrslprrah
'i. bqgalr (r = 4]?

{$, use your r€Epons€ fo pat fb) to d"+termipe Qp *sha*:B ia th+ rketch.De natsair' fltfi*a t3.le dr-tn=lg. .'

{S} Il?ste that rain cotttn::ed t+ fall betrra*n I = 3 a;rd- I - i Ei*y diri tirs h#rt$,in
f,rrfi;r a piaisau b+i,.+e*: t : i a*d f : 5, inther tl=r ecr-** to ;r,.= iig;bg **;:
2 hoars?

Exam.
BE FuIlMarla BOLevd

Pi'ogramnre BCE Pass IVIark$ 32

Ye.arlPart nir Time 3 hrs.

Stase (m) 20.80 21.42 21.95 2i.00 23.52 74.04

]ischarse{m'ls) i00 240, 300 ri00 i000600 800

.lI
,'rt,
I
I
I
I
I,
t.
II
I
I
f:
I
I

I
I
I
I
I
I
I
I
.lI
t

I
I
I
I
I
I
I
I
t
,
I
I
I

7m

?q0

I
I
I
I
I
I
I'l
I
I

P.3



::
.i

'i
:

6. a) Explain Guebles Distribution firnctianr Derive fi:requency factor (k) usigg Gum-b-le's

'.:',:"- b) The'.s. 
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t71

I7I
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1.

2.

J. of

Mean srurshiBehours
Poterrtia[ srqqhiqe hours
Wind VelorgrY d,.Zn hei$t
A&edo '..,

Ugper terreslttial Solar radiation
- . Othe,r values: 

.

Ladtude :28.50

Sdfirrated vqw prcssure at I0.0 oC :

Slope of saturae vaPor pressure

- 4: a)- Copputr&e strqqm flow from following'data.
meter is:

Marchby Penman Method.

The ftowingdata is av,ailable:
Ivfean&-(oa'ihly tecpt Pteao Rrr

: 10.00C
:60To
:9h
': l2r9h
: 5 Kdhour
: O25: ll rnm ofhg/day

u4l

t8l

:9.2mn of Hg
:'l-24 mmPC
:Oy'9rum/9C

. =2.0ItE-g tnrniidar

'Th+ 
qilibrated equation'bf current .

V=0.035+0.74 where V is in and N revolution/sec.

b) Explein how the monthJ.y flows from tle ungauged locations are estimated from the

I
t

L

t

Exam.

I-evel BE' . "r" '' FtrllMarks 80'
Programme BCE Pasg Marl{s 32

Year/Part Timi 3 hrs.

0 0.6 1.5 2.5 3.5 5.0 6.0 i.0 7.5Distance frcm bank (m)

Water Depth (rn): o '0.3 a.75 1.2 1.7 I-3 0.? c..3 0
120 IIO 80 0No. ofRevolutions 0 15 95 IIO 20

0 45 85 9s 90 r00 70 40 0Timettec)

P.1

t6l



5. A 2-hrimit hydrograph for a basin is sholiu in the sketch. [6+3+5]
'i '.'

':".{*} 
Determine the Beak diseharge {in c{*} for a net rain of 5.00 iathf and a daredon of 2 hr. ., ".,

,i&) 'tl&at is the totat direst stcface r,unoff(i'riaches) forthestarrn,described irpatt (a)?

. ,1c1 A different Ssnfi witlr a net raio of 0.50 inJhr lasts for 4 hr. V/hat is the dischatge at

I p.r. if the rai.sfall started at 4 F.rrL?
Note:
in: inches
12 inohes: l feet
cfs: cubic feet/sec
A unit hydrograph
is response of catchment
due to I inch effective '.

. rainfali over iL

,&
+)

ll,
.gjltI{(l
E..,J'tz
n

r- , x -3- -

Z-hrusit
hydrograph

0 4 56789
Eme (tu)

6. a) If the annual flbod series data for a catchment are available for N consecutive years,

explaiu a procedure to deterraine a flood discharge with a return period of T, (where

,i=,.. DN), by using Log Peason t;'pe III distibution method.
t,''r b) Calculate the flood discharge using Empirical method from a catchme,lrt of area -.''n 100sqkm. The catchrnent has longest river of 60km. The elevation difference of the

river is 20m. Raidfall runoffcoefficieat is 0.6 and maximum daily rainfall is 200nrm.

7. Explain in detail time area method for estimating runoffhytlrograph.
*{.}F

t8l

t6l

t8l

1(

..: 
":'_

''#

I
I
I

-L*-
I
I
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I
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*
I
I

I
I

I
I

I

x

1
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{

{

ail are4 whose latiade is

'a'genaal water

4 rain
in hn

Q00025), R(!00,-
90, I I 14 and l2C mm '

methcd fiom
33oN. The available data rnclude .air

I5I

t6l

t8l

b)

3. z)

atZ m

b) The infltvatian

dEpth of
storut.

4. a) for'rb.e follov.dng
The drop in r,'rater

0.A25, Assune eddy

b) a station. Compute ttre

Rating equation of currentmeter:

5. An S- hydrograph is given such that at time t = 0, its ordinate is icir"-/h ar-rd it remains so
for an indefinite perioc! of time. Deternine a 2-hour urut h;*drograph. Using ihis r:r,it
hydrogiaptr, detei:mine a 4- hoqr- ur-rit hydrograph.

[3+3]

I
t

:

Eram.
Level BE,' Fu[Marks 80'
Progrrmme BCE

,. ,. ,. j., :r ]

Pass Itderlc 32

Yeai/Part'- IH/I Time 3 hrs:

lrnmersion of cur:ert me,ier beipur vJitttr surface

at 6-6d ' 3to:d at 03d
Sec. Rev. Sec. Rev. Sec

Distance

watersurbce:
Rev.

3 t4 12 50
52 23 555 3;3 ill

I 40 58 30 545.O

.72 48 60 34 589.0
15 5.4 u s2 30 s0

18 3.8 35 52 30 54

?L. 18 501.8

P.5

[8+6]



a4An5.

l
river
a.

offloqd

t4l

t4I

,l

t23

' :,;: 35.68
ta5
2.tl
2.rs
!.€2''.
2.95

-* -a

14s
t5.0
d,

.11.7
13.9
R,1
t3J
i4x
t13
!J.C
14,6
t4.,

6.0

r6.3

t{i+.

tLt
lL.1
lt2
t0;5.
rc.0
s.r

llL*,.'
ll.9

' ': 4?-81 ....i,,,i,, ,ilEJ6

t2:1".
t:2.9
t2.3

J

lr,9
.'.I]rJ't54
:: lJ:0'.UIJ l4-t, '

17.0
l5:E
l I.4
f.3

0;l

t6-5. 16r'
r5.7 ., 16!
ri? ' Ii.e
JJ . 10J

i.,1*.t
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t4s

t5J L{.0
t{9!4.4

i.p.
,t+9.
l8;t
l6.t
t i.3

v

w
t2,s
13.?
t3s

l2.l l2:l llt ljl.l l2,l U.I
tr.6. n, .t2.1 l2,l ,2.6 tL? .

u.r . il.5 l2.o vn l3.! r3.3
. 1€.{ u.I I2.0 t2-9 t3-t '- t,r.t,
'.9...6 . ft3 il-g 133 .14./. r5.0.
'.'85", 10.I,. .uJ ,13.8 lt{" i6:{'

Irrc
$rlv.

'ilirkluer
;ffi.
.'ffiEm'

I6.5

'!:.-$ ' '1,1.t '

:.. II.2- III'-:.0:i . tLl

treu.y.tP*.
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tiJ
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Subiect: - Engineering (c8606)

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

/ Attempt &.questions.{ TheJigures in the margin indicate Full Marlcs.
/ Normal graph papers will be provided.
{ Assume suitable data dnecessary.

t ..

l. 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. 12+21

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. 13+2+31

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,I18'2, I08.5,165.2,102.1,146.9 for a SYo

error in the estimation of the mean rainfall, calculate the minimum nurnber of
additional stations required to be established in the catchment.

3. A 4-hour storm occurs over a 80 km2 watershed. The details of the catchment are as

foliows: t14l

Subbasin
Cm1

{ index
(mn/tr) I'hour 2* hour 3- hour 4* hour

l5 It I6 48 22 IO
25 15 l6 42 20 6

35 2t l2 lm I8 6
5 I6 l5 42 r8 8

Calculate. the runoff frorn the catchment and the hourly distribution of the effective
rainfaU for the whole catchment.

4. Calculate the discharge of river section as given: tl4I

Distance
(m)

0 I 2 3 4 6 8 t2 l6 17 t8 l9

DeDth (m) 0 il 4.3 7.2 8.5 7.4 5.6 4.7 3.5 2-t I.4 0
Revolution
/ s d02d

0

0

1.4 1.0 2.6 2.9 2.7 2.5 2.3 2.1 1.8 t.5 0

Revolution
/ s at 0.8d

.7 t.2 l_8 2.0 1.9 l.t 1.5 1.3 I I t.0 0

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 O.S 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 glven
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 duiation and Q-index of 0.2 cmlhr
occrrrred in the same.catchment, what is the peak flow from the catchment?

l4j

le+sl

/
-\



\

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

method.

b) The following are the annual peak flow data (m3ls) of a river from 1990 to 2006:

t4l

ll0l

)r,

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

c 1.2 7.4 1.5 1.8 2 2.2 2.5 3

Kr 2.626 2.7M 2.78 2.W8 2.972 2.970 3.048 3.L52

7. Explain the procedure of deriving Clark UH.

--v \

a

t8l

Year 1990 1991 t992 1993 1994 1995 1996 1997 1998

Peak

discharge

tm3A) 14{n 4160 2580 2910 2250 1360 2280 2540 3900

Year 1999 z(xn 2001 2002 2003 2004 2oos I zme I

Peak
discharge

tm3A) 3420 6!70 2160 1360 5440 1340 3360 2800

q t0 oJ '*I0.2 o.3 0.4 0.5 0.6 o.7 o.8 0.9 1

Kr 2.054 z.rozYz.rig 2.21t 2.26L 2.311 2.359 2.407 2.453 2.498 2.542
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b) Explain log pearsion III distribution and its uso in the prediction of flood.

Candidates are required to give their answers their own words as far as practicable.
{ Attempt All questions.
{ Thefigures tn the nrargin indicate Full Marks.
{ Assume suitable data if necessary-.

I . Explain different prospects of Hydrological study.

2. a) lVhat can be the causes of inconsistency rvhile recording the rainfall of a station?
Explain how it can be corrgcted for the future use?

b) The rahfall depth rvith time during a storm at a station is as given:

t4l

i) Construct the hyetograph of this storm for 30 min aud 2 hours interval
ii) Compute maximum average intensity of rainfall for 30 min, t 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 = 30oN, elevation:300 m above mean
sea level, mean monthly temperature : l5oC, mean relative humidity : 7V/o, mean
observed srnshine hours : 10, wind velocity at 2 -m height = 50 krn/day and
reflection coefficient is 0.05. t8l

b) Precipitation falls on a 100 km2 drainage basin according to the following schedule: t6l

Time (minute) 30 60 90 120 -

Rainfall intensity (cm/hr) 4 2 6 5

Deterrnine the total storm rainfall. ^/rlso, find out S-index for the basin if the net storm
runoffis 3 cm.

Explain the stream flow computation by slope area method. t5l
Write the method of estimating monthly flows in a stream or river by MIP method in
aNepalese river. t4I
What is mean by rating curve? Write the uses of rating curve. Also explain the

method of dnwing the rating curve in a particular section of a river. t1+2+2)

The direct mnoffhydrograph due to an effective rainfall event in given by a niangle
such that its base is 8 hours and its height at the mrdpoint of the base is lcm/h. The
duration and intensity of the effective rainfall are 4 hours and lcmtu respectively.
Derive andsketch a4 hour unit hydrograph. t8l

A I how unit hydrograph is given by a rectangle whose base is 4 hours and height is
0.25lhour. Constnrct an S-hydrograph using this UH. t6l

Analysis of the annual tlood pea{of a river for i3 years yielded a mean of 330m1/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 Froject allows an

acceptable reliability of 85Yo. Using Gumbel's method, recommend the flood
discharge for this project. tgl

A table for reduced *ean (i" ) and reduced standard deviation (S') is given below:

N 40 4t 42 43 44 45

i, 0.s436 0.5442 0.5448 0.5453 0.5458 0.5463

So t.t4r3 1.1436 I.l4s8 t..1480 1.1499 1.15 r9

4- a)
b)

c)

5. a)

b)

6- a)

t4I
12+61

't'..'.::ll

., ,. 1|;

tsl

Time 6:00 6:30 7:00 7:30 8:00 8:30 9:00 9:30 l0:00 l0:3t I l:00 I l:30 12:00

Rainfall(cm) 0 7 5 8 9 13 l0 8 6 5 J I 0



7. For what purpose time area method is used? Explain time area method using a time area

histograrnof a catchment and a set of effective rainfall hydrograph over it. Comments on

its drawbacks [l+5+2]

. S6tunfiIoNiYi$oi pltsunp. :or f c.n$e
. .. . ..:.... - r - -i .- .:': .-.:; ..- . :. .1-.-. : ..:.t'-.: .. ..

,.,., Tqttpelatufr.

--_.--1--t"F

Saturation vapor
. preSSUrC, 

"-r 
,.:.,

mb mni'Of Ut ' '

. .0.' '5.0

TS
10.0

'12;5'
15.0
17.5
20.0
22.s'

' zs.o',n.5
30.0

.:.31.5 .

35.0
17.5
l().0
45.0

.32
,11.0

45.5
50.0
y.s
59.0
63.5
68.0
n.s.
n.o
81.5
86.0
90.5
95.0
99.51

tM.0
r t3_0

6.t I
s;,.n

to.3?' 12-28
l4t9 :' r7.05
20.00'
21.38
27.25
3t.67
36-7t
42,42
48.8t. -.

57.0?
u.46
73-t4
94-9t

9.21
t0.8,
12,79
r5.m
t7.y
z0.u
2r.76
n.v
]r.62
36.66
12-Et
48_16

55.32
7t-20

'0.60
,0.7r

0.80
0.95
t.05

'l:2;1
r.40
I-61
t.85
2.O7
2-35
2.62
2.95
1.66

t

l

i
l

j

I
I

I
I

I

I

i
I

!

I

t
i
I

I
I

tt EArIlt

WIItl [=

Mooth 9(f E(F 7Af 6f Je

-'.4

hirudc (T{)

:to.' ,tr' iir"'- c
12.E r4.53.6 6Jt ,8.5

Et$rs9ry
Itarch .

ftme
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. 1.8 4.3 6"89.I rr.l
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.5J
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fl.8
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to.6'
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o-?,

;..-.

t6.3
t4f

r7.0' t6.t' .r6i7
I5:8 15.7 I6.t
lt./r t2.7 13.9
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0:l' l.!1 :{.3.j O.9' '' 3o

'-I5j8. , ,4.8 13.4
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(r
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12:l
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lr"8.

t2.t
t2-l
12.5
t29
13.2
,13.8

t2-6
tr.t
r3J

12.6
l3.a
13.9 ,rtJ

12.l2.t
I r-6
I t.t
10.4
1.6
s-6

I 12..t.: i : l2:l': l2al;.: l2.l l2.l
I 1.7
tr.2
r0.6
10.0
9.t

l5,o
16:i1

\
L , l-_r:': :;: :...:l*t-'i-tr,-
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{ Candidates are required to give their answers in their own words as far as practicable.r' Attempt All questions.
r' TheJigures in the margin indicate Full Marhs.' r' Normal graphpapers will be provided.y' Assume suitable data if necessary. 

r

..

l. What is hydrological cycle? Draw a neat sketch of the cycle showing all components. U+3I
2. a) How would you detomine optimum number of rain gauges to be installed in a given

catchment?

b) Explain lntensity Duration Curve and Depth Area Curve.
I

3. a) What is the difference between potential evapotranspiration (PET) and Actual
evapotranspiration (AETX Explain the penman's method for the estimation of PET
from an area. 12+41

b) The infiltration of a catchment can be represented by the equatiorr'1: lJ+50e{'ft. If
the rainfall intensity of 45mm/hr occurs continuously for 10 hour from a catchment of
areal2ktr:2, calculate t2+2+2+21

i) Total runoffvolume generated from that catchment
ii) Total infiltration volume at the period
iii)'Calcr{ate-fiue eem'the+ta* uf-ein&U @
iv) Show yoru 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.

!

t6l

t6I

(1

?
4

\')

n

I

L

i

a,

L"

7

t8l

[3+3I

ll4I

tl4I

I

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 I hour unit hydrograph of a small catchment is triangular with peak value of 3.6 m3/s

occurring at 2 hours from the start and a base time of 6 hours. Following urbanization
over a period of t1p_ d".@s- the infiltration index q has decreased from O.7pmlh to
Olgfih" AIso one hou unit hydrograph has now peak of 6.0 m'/s at I hours from start

fid ti*e of base is 4 hours. If a design storm has intensities ofjtgg&oru-ana 3cm/tr for
{two consecutive one hour intervals. (

a) Estimate the percentage increase in thi peak storm ruiroffdue to urbanization.
b) The volume of flood runoffdue to trbanization.

6. The project life of headworks is 19'yeam. The flood discharges at risk 6318303% is
' 4200 cumes. The average flood is 3j@€umec, which is derived from long term historical

datausing Gumbel distribution. CaOirtate the discharge from 500 year retum period and
' risk 39.499390/o. Prepare a Gumbel graph paper using normal arithmetic graph paper. Plot

these three discharges on frmbel paper. :

n
I

What is linear reservoir? Explain the procedure to
method' 

, - **,F

)"'

Staee (m) 161.3 161.7 16t.9 162.8 t63.4 163.8 164.5 165.4 165.7

Discharse (m'/s) 30 120 2t0 450 650 825 900 1000 1050

lt? obtpin Clark UH from time area

12+61

-)
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/ Candidates are required to give their answers in their own words as far as practicable.
/ Attempt All questions.
{ TheJigures in the margin indicate Full Marls.
{ Assume suitable data if necessary.

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

b) Estimate the average depth of precipitation over the drainage basin with following
- data

Isohyetals (Intervals r5-t2 t2-9 94 6-3 3-l
Inter-isohyetal area (km') 92 r28 r20 t75 85

t4l

t4l

c)

d)

2. a)

b)

A catchment has seven rain gauges. In a year the annual rainfalls in cm, recorded at
these gauses are 130, l42.l,l I8.2, 108.5, 165.2,102-l and 146.9. For a 5oZ enor in
the estimation of mean rainfall, calculate the minimum number of additional rain
gauges required to be established in the walershed.

Explain the use of Double Itrfass 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.

T"; Kelvin RH. % n, hrs U2, fn/S H,. mm/ dav N. hrs
293 65 l0 t.2 14.8 12.9

c) A storm with 20 cm of precipitation produced a surface runoffof l2cm. Estimate the

O index of the storm.

3. a) Define rating curve and lts uses

b) Determine the stage corresponding to zero discharge for following data of a smooth
curve.

Time ftr) 0t 3 6 9 t2 l8 30

450

(a 7r.1 54
6hUHordinarc

mla o t50 250 450 6fl) 8fi) 700 600 3N 200 100 50 0

5. a) Briefly describe the procedure of flood estimation by Loe Pearson III method.

l4l
t4I

t4l

t6I L

t4l

t4l

tsl

t5l

[14]

tsI

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

4. The ordinates of a 6-h unit nyarogripU 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
O.20cmlhand a base flow of 30m?s. Determine and plot the resulting hydrograph of flow.

Storm timeftr) I 2 J 4 5 6 7 8

0.7 2.2 2.0 0.7Rainfall (cm/tr) 3.0 4.6 3.6 3.2

20.80 21.42 23.W 23.52 23.90Stase (m) 2t.95 23.37

Diicharse 6?s) 100 200 300 400 600 800 1000
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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 distibution and discharges.for 50 and 300 years return period are found to be 150
and 650m3/sec respectively. Estimate the frequency and magnitude of design flood for
the bridge.

A drainage basin has area =157km1, storage constant K= 9.5h and time of
concentration': 7h. The following isocbrones area distribution data are available.
Determine the IUH of this catchment.

Timeft) 0-l t-2 2-3 3-4 4-5 5-6 6-7

Inter-isochrone area (km') l0 38 20 45 32 l0 2
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'/ Candidates are requiied to give their answers in their own words as far as practicable.
/ Attempt any Five questtons.
'/ Thefigures in'the margtn indicate Fuit Maiks.
/ Assume suitable data if necessary- 

^:

.Y Th" following are the sldinates of the hydrograph of flow from a-catchment area ofv 700kn' due to a 6-h rainfall. [16]
Time(Hour) 0 6 9 t2 l8 24 30 33 36 42 48 54 60 66 7Z
Discharee(rt'is) 40 65 140 215 360 400 350 330 270 205 r45 100 70 50 40

2/

!) yDeive the ordinates of 6-h unit hydrograph
S/ Calculate the flood hydrograph for two successive storms of 9.5 and 12.5 cm of 6i hours duration rainfall and an average storm loss of 0.25cmlhr

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

b)z Compute the stream flow from following data. The calibrated equation of current
meter is; V = 0.045 + 0.76N, where V is in mlsec and N is revolutiorlsec. t8]

Distance frombank (m) 0 0.6 1i5 2:5 3.5 5.0 6.0 7.0 7.5

Depth (m) 0 03 0.75 1.2 t.7 1.3 0.7 0.3 0
No. ofRevolutions 0 15 95 110 120 110 80 2A 0
Time (sec) 45 85 9s 90 40tO

3. Jl Describe vanous forrns of precipitation.
/-"'

Y A-4 hour storm occurs ovdr a 80kmz *aiershed. The details of the catchment are as

follows. ll2l

Sub.basin(km2) $ index (mm/h)
Hourly Rainfall (mm)

ltt hour 2nu hour 3'o hour 4tn hour
15 10 16 48 22 10

25 15 t6 42 20 8

35 2t t2 40 18 6

5 t6 l5 42 18 8

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

4. dtk 
^recuperation 

test, the static water level in an opeq well was de,pressed by pumping

- by 3m and it recuperated 1.5m in t hour. If the diameter of the well is 3.0m and the

pafe working de,pression head is 2.4m,findffit ttre 6verage yield of the pump.
/

b/ Describe the hydro-geo-morphological characteristics of rivers with sketches. l
J
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5r'_{Calculate the discharge of a stream having a high water surface eievations noted at\z two sections A and B, 10km apart. These:-elevations and other salient hydraulic

properties are given below

Hydraulic Raditrs
Section

Water Surface
r: Elevttiorr (m)..

Area of x-section

A t0+i7, 73293 2.733
B 104.500 93.37s 3,089
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6.

.The gddyless coefficient is 0.3 for gradual expansion, 0.1 for gadual contraction and
M9a(ning's roughness is 0.02../

-!{Uow is the double mass curve technique used to check the consistency and adjust the
rainfall at a suiiiicious station? Explain with sketch.

a)/U'fh* is a rating curve? Write down a standard equation for a rating curve. Explain in- 
lfietail the procedure to estimate the parameters qf that radng equation. t

A{ Vreparea Gumbei probability papgr from an orduary graph paper provided to you;
l-

'*d*
g*. 
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'/ Candidates are required to give their answers in their own words as far as practicable.
'/ Attempt any Five questions.
'/ Thefigures in the margin indicate Full Marks.
,/ Assume suitable data if necessary.

l. A l-hour unit hydrograph of a small catchment is triangular with peak value of 3.6 m3ls
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 g has decreased from 0.7cmltr to
0.4cm/h. Also one hour unit hydrograph has now peak of 6.0 mrls at t hour from start and
time of base is 4 hours. If a design storm has intensities of 4cmltrour and 3cmlh for two
consecutive one hour intervals, estimate

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. ;:

b) Calculate the daily potential evaporation by Penman method using following d&a:
Latitude : 27.5oN, Elevation : 1400m above mean sea level, mean montftly
temperafure : i0oC, relative humidity : 70Yo, mean observed sunshine hour :,,flh,
wind velocity at 2m height : 80 km/day, the ground surface is observed with gr&bn

grass, Albedo:0.15. Saturated vapor pressure at 10"C: 11.4mm of hg, Slop&f
saturated vapor pressure : 1.24 mm./oc, Psychrometric constant : 0.49mm/oC, and

Boltzman constant : 2.0 1 x I 0-e mm/day.

3. a) In a 140-minute storm, the following rates of rainfall were observed in successive

20-minute intervals:3.0,3.0, 9.:0,66, 1.2, 1.2 and 6.0 mm/hr. Assume the Q index
value as 3.0 mm/tu and an initial loss of 0.8mm. Determine the total rainfall, net
runoff and w-index for the storm.

b) For a drainage basin of 600km2, isohyetals drawn for a storm gave the following data:

Isohyetals intervals (cm) t5-12 t2-9 9-6 6-3 3-1

Inter-isohyetals area (km') 92 t28 t20 '175 85

Find the average rainfall over the basin.

c) What is rating curve? What are the factors affecting run off? Explain.

4. a) Followings are the data obtained from a stream gauging station. A current meter with
a calibration equation y: (0.32N + 0.032)mls where N: revolutions per second, was

used to measure the velocity at0.6 depth. Calculate the discharge in the stream.

Distance from right
bank (m) 0 2 4 6 9 t2 l5 l8 20 22 23 24

Depth (m) 0 0.5 1.1 1.95 2.25 1.85 1.75 1.65 1.50 t.25 0.75 0

No. of Revolutions 0 80 83 131 139 t2t l14 109 92 85 70

Time (sec.) 0 180 t20 120 120 r20 120 t20 120 120 150 0

u6l
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b) Explain slope area method for estimating discharge of a stream.
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I5. Using 30 years data and Gumbel's method the flood hagnitudes, for return periods of 100

and 50 years for a river are found to be 1200 and 1060 m'/sec respectively.
(y" :0.5362 and Sn = l.ll24).

a) Determine the mlan 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?

6. 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.
!tr**
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'/ Candidates are required to give their answers in their own words as far as practicable.
'/ Attempt any Ftve questions.

'/ Thefigures tn the rnargin indicate Full Marks
'/ Assume suitable data if necessary.

1. Unit hydrograph of 3h duration from a catchment area of 524.88 ha has peak discharge value after
t 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 stormrespectively. If time base (ts) is 30 hours, constitute
the unit hydrograph and calculate the flood hydrograph from the following rainfall data. Assume
the Phi index (f) as 0.333 cmftrour and base flow as 20 cumecs.

Time (hours) 0 6 9 l2
Cumulative Rainfail (cm) 0 t2 t2 23

2. The project life of a headworks is 50 years. The flood discharges at the risks 63.6% and 39.SYo are
4200 cumecs and 5800 cumecs respectively, which is derived from long term historical data using
Gumbel distribution. Calculate the discharge from 500 years retum period. Plot these three
discharges on Gumbel paper.

3. a) Write down the factors affecting evapotranspiration.

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

Mean Monthly Temperature : 12.5oC. Mean RH : 70%
Mean Sunshine Hours : 7 h"- Potential Sunshine Hours : 11.9 h
Wind Velocity atZm Height = 120 knr/day
Albedo: 0.15
Upper Terrestrial Solar Radiation : 9mm of water/day

Other values:

Latitude : 28.50
Longitude : 84.50
Saturated Vapor Pressure at l2.5oC: 11.4mm of Hg
Slope of Saturated Vapor Pressure : l.Z4mril"C
Psychrometric Constant : 0.49mm/oC
Boltzman Constant : 2.0x i0-e mn:r'day

4. a) Depth of a triangular shaped river is 3m. Its top width is 10m. The maximum depth of the

river is at4m from the one side. The top velocityof the river measured at 3.0 and 7.0m from
the same side are 1.5m/s and l.8m/s respectively. Calculate the discharge of the river.

b) Explain slope area method for discharge calculation.

,y' "l Explain different types of rain gauges with neat sketch.

b) There are four rain gauges at four corner ofa rectangle. The two sides ofrectangle are 100krn

and 150km. The yearly rainfalls of for:r gauges are 1200mm, 1300mm, 1500mm and 1100mm

respectively. Calculate the average rainfall by Theissen polygon method.

c) Explain A (Phi)-index and W-index.

a) Explain hydrological cycle.

b) Define floods. Enumerate the causes, effects and mitigation of floods

c) In a recuperation test,"the static water level in an open well was depressed.using pumps by 3m

and itrecuperated 1.5m in t hour. If the diameter of the.well.is.3.0m and the safe working

depressioniead is2.4m, find out the average specific yield of the soil and specific capacity of
the soil.
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