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Candidates are required ta give their answers iru their own ytortls tt,r far as ytracticable.
Attempt 4ll que s tirsns.
7he Sgtres in the margin indicate {4{t Mgrks.
As,suwe suitnble data i.f necessary.

Write thc different mettmds of surlace antl sub-surface irrigation ancl explain about drip
irrigati*n wif}r its' suitability"

1tre transplantatian of rice usually takes two weeks anrJ of water requirerj is 48 crn in the
fieid. Due to rain about 5 ctn dcmard is fulfilled. 'faking 107,r losses &om the distr"ibutary
head to water course head and 12olu losses in water course, compute (a) Iluty of watcr rrt
the head of the watcr course . (b) Duty of water at the heael of distributary.

tlhat is meant by 'balmcing depth, f'crr excavating canal' and how is it determiled?

A'se$le channei is trr be designed fbr a discharge of 40 m'rlsec and f *1.1. Calculate the
dimensions of the channel using Lacey's regime equations. What would be the bed width
of this charurel if it is designed on the basis of Kennedy's theory? Adopt m : 1.0 and B/D
ratio same as oblained tlom Lacey's equation.

For the figure shown below ignoring floor thickness and sk:pe corrections, finr1 the
perceiitage pressure at the key points of the piles using Khosla's theory. The floor
thickness may not be less than 30 cm anywhere. If permissible exit gradient is 0.015,
check the lloor against piping failure. Also find the thickness of flaor at A, B, c, and D
poirrts.
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Design the length, mdius of curved head, length and {hi.el*ness of launehing afron of a
guide bund to train a river with the foilowing data. Ilesign flood discharge : 4900 msls;
bed level of river: 145.00 m; [IFI,=I50.00 m; average diameter of river be<i material *
0.i5 rnm. Provide designedsketuheb. tej
Describe the functiorx of different regulating structures used in an irrigation systern.
Desip the crest and cistem of a drop skucture (Sharda type) for a discharge of
I0 m'/s. FSL u/s and d/s : 105.7 m and 104.2 m; CBL u/s, d/s =104.2 m and
102.? m; bed width rJs and d/s = 10 rn; Side slope of chafinel = 1:1. [5+B]
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6.

L

Enlist the ditferent types of cross drainage strucftues with sketchus. Design drainage
waterway, canal waternay arrd canal transitions of a cross-drainage work fcr a canal
having <lischarge 56 m]/s, hetl width 24 m, firll sr.rppiy <lepth 1.98 m, iurcl bcd icvcl
26?.00 nr. The drainage has a high flood cliscliarge of 4?5 mr/s, high flood level ol'
268.20 m, general bed level of iow water cross-section af 265.50 ur, and generai grnund
lcvelof 267.20 rn. []+8 j

{-ist out the main causes iurd preventive measures of watcr logging. Determire the size of
a circular tile drain, draining 6 hectares ofa drainage arca, ifthe drainage coefficient is
1.5 cm antJ ilre tile grade is 0.4 %. Assume tlrc rugosity coefficient fc.rr the tilc material as

0"013. |'?+ 8]
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are required t0 give their answers in their own words as far as practicable.

4!lquestions.
/i&res in the margin indicate FAtl.Marlts,

suitable data if necessary.

potential suitabili.ty of any four types of irrigation *"tt od, in Nepal.

a pnrticular region the inigabte area is 500 hectares, the evapotranspiration is

nrm per day, and rainfall at that time is recorded as 5 mm/day in rnonsoon season only-

cropping pattern in that partieular area is rice (average crop coefficient I"2) in
,ooo- uuu*ot and urheat {average crop coefficient 0,9J in winter seaso$. If the

ication efficiency is 85%, and distribution efficiency is 75%, determine the design

in (m3lsecj at the head of distributary canal.

ith a neat sketch, exptain the components of irrigation canal. Also discuss different

of canal alignments.

ng Kennedy's Theory, design an alluvial canal to calTy a discharge of 50 m'/s. The

ical velocity ratio (m) is 1-1, and the silt factor (f) is 1.2. Assume the side slope of the

as 1:l (I"l V ).
m the following figure built on fine sand, check the safety of hydraulic strrrcture

inst piping failure and also calculate the uplift pressure and floor thickness at point A,

and C taking G = 2.24 and Bligh's coefficient of 15.

rum=l
lil*r tr.\ t,\fl I

[4x2]

18l

[4* 4]

i8l

l8l

functionslapplications of following irrigation structures: [4x2]

Silt excluder (ii) Silt ejector (iiil Under sluice (iv) Head regulator.

the head regulator for a canal taking off from a river" The following data is
Discharge through the head regulator (Q) = 100 m3/s; Coefficient of discharge

= 0.85; Upstream rvater level ([Ir) * l0 m; Doumstream water level (Hr)"- I m;
gravity of the floor materi aI - 2.65i Safety factor against uplift pressure = 1.5.

Calculate the crest level of ths head regulator. (b) Determine the leryth of the

impervious floor using Khosla's theory lo ensure safety against seepage; (c) Calculate
the thickness of the impervious floor at the upstream and downstreqrn ends,

considerirrg the uplift presflrr€. t8l
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a series or spurs ror river T.*i,*s 
bry* T ll-^H$ll*lXhfflffi,:ft-S

:Hl;i":T;8*fr ,*Si:ilf [X'#",1,-,: jq;i[]{xt-ti,^:tt-{*:,.H-:i.i?X
Iver (B) = 500 m;.Design <llscnarse wr.; ffi";rrrk'iol : 69-o; $ediment size
:; [; Angle of inclinatiol of :95^Y" -, .:i.[';fiTi" dr.tfi;".* rot u"*' dep'th - 1'5'

:-'ffi ffi ;,;therorlowgglT1#*T:l'f"f.f ;1'-*#'i*T;
:;liilil"l!ffi H"ft H'itill'::'-3'ffi:",i';i*f 

",'::::i:,-Icfi,],,3i#
yam : 500 mYs; LJeo level or Lzur"!' **loJ'SiA" 

ilop" = 1"5:tr (H:V); Stream

ffii:;b, *canat Bed wid*I = 25 m; c
.rio: 

#-avs the field will be irrundated above 100 mm depth if a drainage rate of

2.5 ,i#ha is maintained by constructi"g ;;;;-drainage iystern? Assume 3-day10. a)

design rainfall is 2?0 mm'

Discuss remodeling af existing naiural
**jf

I8l

t4l
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candidates are required to give their answers in their own
AttemptAll questions.
Thefigures in the margin indicate Futt Marks.
Assume suitable data if necessary.

J' Discuss suitability of border strip, basin and furrow methods of irrigation with neatsketches.

2' An irrigation command area with 500 hectares of land has evapokanspiration of 15 mm/d,and rainfall at that time is recorded as 5 mm/d in monsoon season only. The croppingpattern in that area consists of rice.(average crop coef,ficient 1.2)i;;;;loon season andu&eat (average crop coefficient 0.9) in wiiter rd*oo. If the application;il;;;;*;%
and distribution efficiency is 75Yo, determine the design d#A;;, f*:ir"") at the headof distributary canal. .- ------:-D- '^r \r4r ' '

3' Mention different types of canal ah:gnments and sketch different components of irrigatioucanal system 
vv"rrv'rvrr

4' a) Design a coflcrete lined channel t9 carry a discharge of 350 cumecs at a slope of1:5000' consider the $d9 slopes of channel as 1.5:r Iu,v), M;;;h n for lining as

b) Derive the relationship of Lacgyls nqrmal spour depttr i-e. R =A.47[$t.
5' a) Deterrnine the length of water way, crest level, depth of upstream and dowustreampiles and length of impervious floor for a vertic"r ar", ;-t;;;;Bligh,s theorybased on the following data, Arso check the exit s;di"nt.

Maximum fl9od- discharge = 3200 m3lsec; HFL before construction : lg5.0m;Downstream bed revel = rrg.0m; canal FSL : Ig4.0m; Ailowabre afflux : lm;Coefficient of creep = 12; Permit-t:bl" exit gradient : l/6; Assume heao toss throughhead regulator is 0.5m, weir coefficient is l.z, a"ptn 
"f ;"hoga;"n i. o.s* and siltfactoris 1.

b) Draw a neat schematic diagram (plan) of barrage-type irrigation headworks.:c) Discuss key differences betweeniilt excluder ia,ilt ejeclor.
6' Design a guide baok with launching apron to train 1 river having following sitecsnditions: Iligh flood discharg" :. 180-00 #lrlc; river bed I";l : 230.00 m;HFL= 238-00 m; mean particre size of river bed materiar : 2 mrn.

t6l

t8l
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7. a) Describe the contexts where different types of outlets would be suitable. t3I

b) Design a vertical drop (Sarda Type fall) for the following conditions. t8l

Full supply discharge 
' S:8 m3/sec

Full supply level 
' ffi:#ffi*

Bed width ' -{t 10
: A:-lo-m

Fullsupplydepth ,#=**
Drop : l.2rn

' Side slope of the canal : 1.5: I
Design the floor using Bligh's theory taking coefficient of creep = 8-

8. How do you fix the following parameters for design of a cross-drainage Structtne? .l5x2l

i) Design discharge; (ii) Waterways (both canal & stream); (iii) Depth of scour;

iv) Loss of head; (v) Channel transitions.

g. a) Due to heavy rainfatl in July 2023, an agricultural land in Terai was inundated. How
do you estimate the drainage rate from that bunded field to design a surface drain? t5l

b) Derive the equation for spacing of tile drains to lower the groundwater table for
addressing water logging issues t, .*,::lt t5l
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Witlr appropriate examples, Justify that irrigation intensity can be more than LOA%.

Describe the mechanism of reducing crop growth and yietd due to water logging.

Calculate spacing of tile drains for an area that receives 1.1500 mm of rainfall in a
year, if i % is to be draine d in 24 hours. Consider height of drain (center:Iine) above
an impervious stratum is 7 m and the height of the highest position of water table
from the impervious stratum is 8m. Take permeability of iquifer layer as 0.003
cm/sec.

'For the data given in the following table in a canal command are4 determino the

leservoir capacrty if the culfurable commands area is 4,500 hectares, canal losses a19
25% and reservoir losses arc l5Yo.

Crop (Season) Base period
(ddvs)

Duty at field
(hec/cumec)

lntensity of
Irrigation

Wheat 124 1800 20%
Suearcan (Ali) 350 1700 20%
Cotton (Kharifl I80- 1400 n%" -
Rice (Kharifl na 800 Ls%

Vegetable (Rabil 120 700 15%

b) Design a guide bank with sketch, required for a brid.ge on a river having the following
particulars: Design flood discharge : 50,000 m3/s, Silt factor = I.0; Bed ievet oi
river = 1130.00 masl, I{igh flood level : 1140.00 masl.

3. a) Draw a typioal canal cross-section which is partly constructed in cutting and partly in
fiiling" Discuss b1iefly its components, such as: side slope, berms, basks, sdrvice road,
dowla and spoil bank,

b) Desigu a 1.5 m Sarda Type fall for a canal carrying a discharge of 40 cumecs with the
followfurg data.

Bed level of u/s = 105.0 m
Bed level of d/s: 103.5 m
Side slope of channel = l:l
Full supply level u/s = 106.8 m
Full supplylevel d/s: 105.3 m
Bed widthu/s and d/s - 30 rn
Safe exit gradient for Khosla's Theory = l/5

c) Describe about the function of head regulator.

4. a) Design an irrigation canal to carry 40 cumecs of discharge with B/D, i.e. base width to
depth ratio as 2:5. The critical velocity ratio is 1. Assume kuttels rugosity coefficient
as 0.023.
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b) For the impervious floor b-hown in the figure below;dete.rmine the uplift prbssure at
.' 

;;irt E, and check the exit gradient of the structure (GE = l/6)'

A qoss-drainage works is to be designed with the following data: t10l

C*ur, ar"rr*[r ao *Tlr; neo wia.tri= 21^,Depth = 1.5 nr. Bed level * 150'00 mass

manning's r, =-0.02, Side siope = 1.5II: lV,
Drain: High flood di;;mgJ = 400 *'/s, i{igh flood level : 150'50 masl, Bed level:

148.0 nrasl
Natrlral ground ievel.= 155.00 masl

il;rG;rh- following: (i) Drainage waterway, (ii) Canal waterway (iii) Bed level at

aiif*i;"t section of canal

b) Describe working pdnciple of silt ejeqtor with neat diagram.

*{{*
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./ Candidates are required to give their answers in their o$Ail.-\ eordsff'far@ practicable.
t Attempt AII questions. r '/" \ ' 'i,/ The jigures in the margin indicate Frytl Marks. i ' ',, ;, ,- " :1/ Aisumesuitabledataifnecessary. , ] i.:, j-fteli:j

U***.a***--

1. Explain the drip and sprinkler methods of irigation with neat sketch. t4l

2. Define the terms fie1d capacity, available moisture, readily available moisture and s<lil

water deficiency. After how many days wili you supply water to a freid in order to ensure

sufficient irrigation of a given crop, if the field capacily of the soil is 27Yo,the perrnanent

wilting point is 74Yo, the density of soil is L5 gm/cm', th.e ef:fective depth of root zone is
75 cm, and daily consumptive use of water for the given crop is 12 mm. 12+51

3. Define alluvial and ncn-alluvial canals. Describe with sketch canal distribution system. t2+31

4. a) Design a channel using Lacey's theory having following data: Discharge
(Q): 15 m'/sec, Lacey's silt factor = Ll, side slope of canal:0.5:i. Find also the'
longitudinal slope. I5l

b) A canal is to be design to carry a design discharge a 20 mr/sec. The slope of the canal

is 1:1500 and passes through a medium with mean particles as 40 mm. Assuming a
trapezoidal section, determine the stable depth of canal assuming the angle of repose
of canal materials as 36o hnd Marining's-Coe-ffici0rit as 0"025. ' t6l

5. a) Calculate the uplift pressure at the two inside comer paits and also the exit gradient
using Kholsa theory for the following headworks. i t6l

b) What are the functions of head regulator and cross regulator? Sketch the section of
head regulator. [2+3]

l-
ml

I

t-

6. Draw a neat plan and sections.of a Bells Bund and

proced.ure.

7. a) Why fall is constructed in an iuigation canal? What
selecting the site for a canal fall?

give salient steps of its
l

factors do you consider

design

[3+s]

while

t5l
b) Design crest level and crest width of a vertical drop fall of a canal with the following

data: u./s FSL = 315 masl, rls CBI. = il? masl, d/s CBL = 310 masl, canal bed
width = l5 n, full supply discharge = 30 nrr/s, Canal side slope : 2 (H): l(V), Lenglh
of crest = canal bed width. t6l

Ex.qm.

Level
_:'

PiogrCmme
Vurr lF",t

':::'..i:=-'-:nT'..i,'. pagl$=: J. -t'. :

BE

BCE'
iii r ii

Full Marla

PaCs Marks.;:
IIInE

80

32

i irrs,



B' a) Explain with definition sketches the types of cross drainage skuctures.
b) A ianal carrying 30 m3lsec of discharge rvith a bed width of 30 m and bed level atdam strehm is 310.0 m is crossing tle iatural d;;;g" r,"u"e l*jj.""i:08.0 m andthe high flood level of 311.0 m which carrier the-50 year return period flood as550 cumi:cs' The full supply depth of canal is z. i * a"a side slope is 1.5: l. Designappropriate cross drainage structure with determining the drainage waterway, canalwaterway and bed and full supply level at four differen] section of ihe 

"*ur 
t *g1g. a) Discuis with sketch the rayout pranning of the various ;";;;;;i;;r*

drainage system. :

' b) In a sub-surface drainage system, 200. m long laterals were laid out 50 m apart. Thelaterals have a.grudq_ of 0.3 percenr, (i) ir ur""aui"ale coefficient of tlle aiea is 2 cmpgr day, what size of tiles would you recommend?

c) what are the causes and remedial rneasures of water logging in the agriculture land?
*,f *

t3l

t8l

L4)

t4l

t4l
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,7;I;ft T:::;:::' 
to give their answers in their oram words as f,ar as practicabre.

The figures in the margin indicate Fuil tr:Iarks.

why drip and sprinkler methods are considered as best artemative irrigation methods inhilly region? Explain with its suitabititp 
ss svDL qrvr

2' The base period, duty of water, and area 
_under irrigation for various crops ,nder a canalf#nffi fil;:,|l ,1"^.:":1:_ b:]"w. rr tl," i;-_:;-L ,:," reservoir and canars are

_ lespgctivel y L SYo, 25o/o, d,q@ryqine the reservoir *up*.iry.

tsl

t7l

t4I

l6l

egf_p.'iqa B @;*l
Wheat S Cotton Rice V

120 320 180 I2A 11n'
!uty, D (halcumec) 1 800 _Kgq_

10000
1500 800 7A0

-Area 
irigated $a) 1 5000 5000 Tsao 5000

3' Explain with appropriate sketches the component ofthe canal irrigation system.4' a) Design an irrigation ch4nne'! to carry a discharge of,S cumees. Assume n:0;025-and-critical velocity ratio m : I.1. The ciranner n"" i u*a ,lope of 0-5m per kilometer.o' 
,Yj}*: otll".ft . 

th*orv, derive rerationship of wetred perimeter with discharge

. {4}s. r) 
f,yjffir$:"*:tflTf.the divide watl, under sluices, silt exctuder, and sitt ejector at

t4jb) A weir has a solid horizontal floor length of 50 m with two Iines of cutoff of g mdepth below the river bed at its two ends. The nooi tt i"t r.ss is I m at upstream endand 2 m at do'wnstream end, with its upper l"";i;;jrrg in flush with river bed. For aneffective head of 5 m over the weir, .ur"orut"-trr" uplift pr€ssure at the two inside

t8lc) How do you calculate the length of the waterway and crest level of the diversionstructures (under sluices, weir, ind canar heaJrrg,;irr.rl at the uurrrriJroo". t4l6' a) Explain three methods of river training works tl"pically suitabre in the Terai region. t3Ib) write down the design step of the guide bund with a suitable exarnpre. tsl7' ') 3:}ffiff:: Htrt 
and thickness of imperuious floor of a verricar drop strucrure for

tBlDischarge:7.5 m3/sec, Bed level U/S = 155.15 mSide slope 
"f ,1.: chanriel : l:1, Bed slope D/S = 154.45 mFSL U/S: 156.10 rn . .Bed *idA;UlS ,rd D/S: 1.5 m

fJrHH:=:8ts',,:fl ffi:i#',1'*,1ilr;;il'ca:0.415sp.c,.ormasonr5r
b) what do you understand about the head.regulator and cross regulator? state thermportance of outrets and escape structures in tle idgation canal. f41
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8' a) Enlist the different types of cross drainage structures with de nition sketches.
b) The cross-drainage structure across an irrigation channel has the following data:

Discharge of canal :50 cumec
Bed width of canal : 30m
FuIl supply depth of canal :Z-lm
Bed level of the canal : 160.00m
Side slope of canal t.S:t 6tV1

, Iligh flood discharge of drainage = 5S0 "rr*""High flood level of drainage : 161.00 m
Bed level of drainage :15g.00m
General ground level =I60.00m
Design the drainage wat?rway, and canal waterway and. find the bed levels aurt FSL at

9. a) Explain the necessity of surface and subsurface drain6.gg.
b) How to fix the design discharge for the surface drainage system in the bunded field?

***

t3l

IB]

fi

t3I

t4l



TRIBHUVAN UNTVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
2081Chaitra

1.

2.

IJiscuss necessity for further development anci challenges olinigation s,vstems in Nepal. [4+4]

For the follawing clata pertaining to a cultivated land, deterrnine inigation interval an<1

amount of krigation waler neeCed at each irrigation so that the moisture content at any

stage d6es not fail belorr 409'o of the maximum available moistrues. Data: field capacit,v

of soil = 35o/o; permanent wilting point = 12%; porosity of soil : A.42' depth of root-z.alle

s1rii.= 1.20 ml consumptive use = 12 rnm per da,v; application efficicncy - 6A%' i8I

Caiculate the balancing depth of an inigation canal using rhe ioil+n'ing data: tred width of
canal:25 m; side slope of ctrtting: l.?5:1 (Il: V); side siope of banking:2.5:X (I{: V)l
top width of balk:4 mi height of embankrnent: 5 m' tsi

A lined irrigation canal with trapezoidal cross-seciicn iras 5 m bed width, 25 rr depth ancl

1.5:1 (0:0.588iadian)sicleslope.T'ireiongitudinalbedslopeofthecanalis i:1000and
rlannii:g's n = 0.i6. What is the maximum carr-ving capacity cf tire canal? What area of
the lapd in hectares tl-re canal c;rn irigate il the cror: has 150 mm li1e{i irigation
requirement in a Kor period of 10 days. tei

Deterrnine the lenglh cf rvater way, crest level, depth oi upstreani and ciorn'nstream piie

and lengXh r-''f impervious floor for a vertical dlop rveir using Bligh's theory far the

foliowing data. And aiso check the erit gradient. Given daia: maximurn flood iiischarge :
3200 m3isec; HFL before constructir:n : 185.0 m; <iownstream bed level : 178.0 m; canal

FSL : 184.0 ml allorvable atTlux : I ru; coeffici*nl of creep : 12; per::rissible exit

gradient : ii6; Assume head loss through head regulator is 0.5 m, weir coefticient is 1.7,

depth of retrogation is 0.5 m and silt factor is 1.S. i"8,1

a.) Iliscuss suitability of different types of rtrrcps.

b) iliscuss design cc''nsiderations for tiee and sutrrnerged c,utlets. [4+4]

3"

na.

5.

6.

7" Differential between tread regular and cross-regulator. iilesign a ve rlical drop i'Sarda'f1'pe
fall) for the frrllowing conditions. [3 *'8 i

Full suppiy discharge: ffi - t m'/seot tull supply r"r"irf,*: #r# *
rls 10 u/s I.8

Bed widttr: * = -* m; fulI suppiy depttr: Arr: 
-i* m: drop: 1-2m; side slope of canai'

1.5: l. Design the tloar on Bligh's theory taking coeffrcient of creep : B'0.

Design and sketch (plan, section at straight portioq section at nose) guide bunds

including launching aproq for a bridge site with following hydraulic data: f)esigned.

discharge : 2500 mlls; I{.F.L : 78.8 m; river tred level : 75.5 m: and D56 of bed

material:0.i mm. iSl

Candidates cre required to give their ans\sers in their
Attempt All questions.

The figures in the margin iruiicate Full Mafks.
Assume suitable data if necessary.
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-l
9. Design suitable cross-drainage structure based on the following data" Determine the

drainage water way, canal water way, uplifl pr€ssure on roof barrel and impervious floor
as well. Some relevant data is provided in {igure and assume necessary data.

Data: Full supply discharge of canal : 25 m3/sec; canal bed width : 30 m; canal bed

leyel = 160.00 m; full supply level : 161.5 rn; 100 years return period flood
discharge = 800 m3ls""; high flood level : 160.5 m; river bed level : 158.0 m; general

terrain level = 160 m.

t8l

U/S I{Fi-

__Y_!ilg!

10. in a tile drainage system, the iirains are laid with their centers i.5 m belo$,the ground
level. The irnpervious layer is 10 m trelow the grotind level and the average annual
rainfall iu th* area is 1000 mrn. If 1 % of the annual rainfall is to 'oe drained in 24 hours to
keep ttre highest position of the water tatrie to i m beltiw the ground level, cietennine the
spacing of the Crain pipes. Take K = 0.001 cm/sec. t8l
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Candidates are required to give iheir answers in their own words as far asprae{ipable.
Attempt All questions. -,i

gssime suitable data{f *ecessary. " , ',;, *,, 
i'-?i

Explain briefly the opportunities and challenges of irrigation development inNepal.

a) Derive dutydelta relation.

b) A culturable command area for a minor channel is 10000 ha. irrigation intensity is
3AYa for wheat and 15a/o for rice. The KOR period for urheat is 4 weeks and rice is 3
weeks. KOR watering depths for wheat and rice are 135mm and t90mm, respectively.
Estimate outlet discharge.

Calculate the balancing depth of irrigation canal with following data: Bed Width of Canai: 2A m; Side slope of Cuttinp 1.5:1 (I{: V); Side Slope of eu*ing : 2:l (FI: V); Top
width of Bank:3 m; Ileight of EmbankmenF 4 m.

ai A lined irrigaticn canal with trapezoidal cross-section has 5rn bed width, 25m depth
and 1,5:1 (0:0.588 radian) side slope. The iongitudinal bed slope of the canal is
1:1000 and Manning's n: 0.16. \\&at is the maximum canying capacity of the canal?
Mrat area of the land in hectares the canal can irrigate if the crop has 150mm filed
irrigation requirement in a K or period of 10 days.

b) Using Lacey's theory, derive a relationship of wetted perimeter with discharge

G: a"75 dQ)"

5. a) A barrage weir profile with an upstream pond level of 1135.0 m and downstrearn
tailwater level of 1126.5 m is given be1ow. Assume 1.0 m initial thickness of the floor
tiroughout the length and ihe sheet piie is 0.5 m inside from the edge of the floor.
Draw the hydraulic gradient iine (F{GL) and compute the designed thickness of the
floor for no flow condition. Check the profile for piping failure. The safe exit gradient
for the soil on which the weir is standing is 1:5.

Srybject;- Imiggilic'n and Drajnage Eilgineering tCE dS4)

PGnd levei

t6l

13l

[51

l+I
AT.

i?I

t3l

b) Write down key function of under siuice, divide wall and fish ladder ,tr-- U**riorl
head works.

c) Discuss key differences between weir and baruage.

6. Brietly descritre different types of river iraining works with neat sketches.

7 . a) Describe function ofhead regulator, cross regular and. escape.

Is+3 +1]

13l

13l

t6l

t3l

Exam.
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b) Eastern main canal of Bagmati Irrigation Project requires 1.2 m Sarda fall fcr a
]ranch canal carrying a discharge of 15 m3r,,uith a flow,depth of 1.g m and channel
bed wid*: +f- 20 m. If a saf,e exit gradient for soii is 1/5, design following ru*p"r"no,i) Dimensian of crest (ii) Cistem (iii) tJpstrearn and downir.u* cuto* (ivi rengrhof impervious f]*or.

A suitable cross-drainage strueture is to be
Deterraine the drainage \,yater way, canal *,ater
transition and uplift pressure on roof of barrel.

co:rstr*cf.ed fronr rhe foik*r.ing data.
way', beii level at the start of cantraction

14x11L' -J

lt-i"2.+4+31
160.00 m; Full

canll Fuli supply discharge = 25 rn3/sec; Bed width = 30 m; Bed level =
supply ievel : 161.5 m
stream/drainage: Design flocd dischargg : g00 m3ls"c; IIigh flood level : 160.5 m; fuver
bed level: 158.0 rn; Geereral t*n"ain level : i60 m.

9. a) What are the causes and effects of water logging?

b) In a tile drainage system, the drains are laid r.vith their centers l.Srn beiow the gro*nd
le-vel,' Tite impervious layer is 9.0 mbelowthe ground level and tae *r*rug"7r*uut
rainfrll in the area is 80cm. if 1% of the annual rii*tult is io be drained in 24 hours tokeep the highest position of the water table to I m belorv ground level" determine the
spacing of the drain pipes. The coefficient of permeability is 0.001 cm/sec.

***,

t4l

16l
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'/ candidates are required tcl give their answers in their own words as far 

", or;;;;;;-.y' Arunrpt All questions.
,/ The figures in the margin indicate Full ilIarks.
'/ -Asswne suitable datu if necer,rory.-

1' a) Write down the principle criteria for the ilesign of a suitabie irrigation rnethod.
b) Describe various methods adopted as an anti-waterlogging measures.
c) I)erive an expression for depth and spacing of drainage pipe in sub-surtace clrainage

system.

2' a) wheat is to be grown in a field having field capacitl, of z7art and.permanent wiltingpoint of 13ozi. Iind the. storage capacity; in 80 cm aepiir of soii, lr arf uni, *t. of soil isi4'72 kNlm3. If irrigation *it"r li to u. supplied when soil moisture falls to 1g%, findthe water deptir required to be suppiied to the field if the field uppii"atiop efficiency is80%' What is the amount of water needed at the canai outlet if the water lost in the
water courses and the field channel is I5olo of the outlet discharge?

bl 
3::f: 1 :nu, 

for concave bank of the river if maximum flood discharge is 5,000m'lsec, river bed levei: 1000,00 masl, high floocJ level : 1010.00 r"aasl, and Lacey,ssilt factor : 1.0- Design iength spae ing, total height ancl siae stofe of spur andlaunchilg epf,--rn lirr Barrli. ni.ldle l:i.t and no_qe

3. a) \\rhat factors do 1i:u ctrnsicier uhiie ce"l.iing a canal a1iglr1eur.
b) Design an adjustakrle oril'ice semi-module for the {bllor.,r,ing data:

Discharge of the outlet :0.22 m3ts
Working head:0.7 m
F.S.L. of distributary : 10i.40
Bed lerrel of distributar,tt = 100.00

c) Explain the procedure of designing Sarcla t1,.pe fall.

Isl
l5tL" I

i6l

t6l

[1 0]

15l

t4l

iil4' a) Derive the Perirneter-I)ischarge (P-Q Relation) using basic equations originally
suggested by Lacev's 

l4l
b) Design au irrigatiou c'hannel to carr.v 40 cumecs at a slope of 1 in 5000 with

manning's n : 0.0225 ancl critical velocity ratio (m) = 1.0.
c) Drau" a neat sketch of a general iayout of diversion head works with all details. [:]5' a) Describe briefl1'the follow'ing: (i) Fish iadcler', (ii,r Divide wall, (iii) Under sluices. t6l
b) Design lollowing components of Siphon aqueduct for the fcllor,ving data: (i) canal

water way, ii) Bed level at diftbrent sections of canal 
Lr0]

Discharge of'canal :60 Cumecs
Bed width of canal :30 m
Full suppll' depth of canal : 1.4 m
Bed level : 1l6 m
Side slope of canal : 1.5 F{: I V,
High Flood discharge of drainage:550 Cumecs
High flood level of drainage: 117 rn
Bed level o1'drainage = 1i4 m
General ground level = 116 m
l,,Ianning's n: 0.025

*rr*

Programme BCE F*wlylnrha jz
Year I Part Iil r' II - * 
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Candidates are required to give their a:rswers in their own

Auempt All questions.

The figures in the margin indicate Full Marks.
Assunte suitable data iJ' neces sary" LIBRARY

L4l

12)

t5l

lsl

tsl

[6.]

It-

2"

J"

4.

What do you mean by command arca, cropping patteln. crop tntcnsitv and crop rotation?

Write dorvn rhe necessities of crop rotation practice.

a) Describe briefly the Readily available moisture, permanent wilting point and

inigation interval"

b) Find the irrigation interval in which the fie1d capacity is 32o/o . permanetrt wilting

point is 13ok, cky density of soil is 1.3 gm/cc, effective root zone depth is 130m and

daily consumptive use of watcr for the given crop is i4mm"

Explail with appropriate sketch the component of the canals atid requirement of borrorv

pit and spoil bank in canal section.

a) Disquss the salient features of Kennedy's theor,v fol the design of earthe n channels

based on the critical velocity concept and mcntion its limitations.

b) Design a concrete-lined canal to oaffy a discharge of 350 mr/s at a siope of i in 5000.

The sicle slopes of the canal maybe takcn as 1.5:1. The value of n for lining is 0.014.

Assume limiting velocity in the canal is 2 m/s.

a) Following correctecl prcssure potentials werc determined underneath a barrage floor

b,v Khosla's thcory . At the junction of upstream sheet pile ivith floot S.r:82%; At

thc junction of dou,nstream shcet pile rvith floor $"2:35o/o" Calculate the minimum

thictness of the cistern floor at the beginning and end cf the cistern" The following

data are given: Full reservoir level : 505 nlas1, River bed levei : 500 masl, Cistern

floor level : 499 masl, Iotal length of banage behveen upstream and dorvnstream

sheet piles:40m, Length of cistern: 15m. Assume tailwater depth is nil on the

downstream side and specific gravity of concrete floor : 2 4. Also, calculate the exit

gradient.

b) Design a silt excluder fcr the diversion head rvorks having following data;

Fu1l suppiy discharge of canal : 200 mr/sec

Crcst ievel of undersluices :225.25m

Crest leve1 of head regulator :227 -35m

Bay width of undersiuices : 10.2nr

5"

t6l

tsl

Exam. Reguler
Level 90

32

r iu*"



6.

7.

A bana-ge is to be constructcd across a river, having 100 year flood discliarge oi
7500 rnris and high flood level is 238.00 m. River bed ievel is z:z.oo m and 

"#rug"diameter of bed material is 5.07mm. Find out the desired waterwav for the barrage.
Desigr Bell's guide bunds including launching apion. tgl
a) Design a vertical t,r.pe drop structure for the following data: Lgl

Discharge = 5.1 m3lsec;

. U /s 2SS.1S
bea teuet _- =

D /s 254.45"'

N ormal f low cteT:th 
u-# :o.95rn

ger! n idth of canal u#= 
r,u.,n

Side slope of canai = 1:1

Take the top *'idth of crest u'ali as 0.5nr fcr initial assumption. Assurtre other
suitable data if necessarr,.

b) Explain $ rvith defrnition sketches of cre cross regulator and describing head regulator.
8' a) What are the different t;pes of cross drarnage works that are necessary on a canal

alignment?

b) Design the follor.r'ing conponcnts of a suitable C/D work for the following data:

Discharge of canal : j0 n-''s, Bed width of canal : 30m, Dcpth of water incanal 1"55m, Red lelei of canal 300.0 rx, i{igh flood discharge of
cirain : 400 mr,/s. Illgh flo..c 11,e1 of drainage : 300.50m, Be<1 lev-el of
drainagc:298.En:. Gerera^ sourd ler,cl = 300.0m

i) Desigl of ciraiia"e \l'c.:er - \\,alll
ii) DesiEr of car:a1 \\.a'irr \\'a,v
iii) Design of tiansil jon

ir) Design of bed leveis,

\Yhat is meant bv rvater-iogging? Write dorvn the principal causes anil effects of
water-logsing in a canai irrigated farm.

In a sub--surface drainage svstem, 200m long raterals were laid out 50 m apart. The
laterals har,e a grade of 0.30/o.

il If the drainage coefficient of the area is 2 cm/d,ay, what size of tiies would you
recommend?

ii,) If the drainage coefficient is increased to 3 crn/riay, what will be the spacing cif
the laterals?
Assume the mgosity coefficient of the tile drain materials as 0.011.

t3l

i3l

t8l

9. a)

b)
t6l

i6l

***
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Candidates are required to give their answers in theil own r.vords as far as practicable.
Attempt 4ll questions.
The fgures in the margivz indicale ItuU hfu.ftA.
Assume suitable data i.{ necessary.

Write the different methods of surface and sub-sirface inigation and elplain :bcrrt
t6lfi.urcw inigation with their suitability.

a) Define : Duty , Delta, Base perioci and Crop period. 11]

b) After how many days rvill supply water:o soil in order to ensllre sulfici'.'iit i:Li,laticri
ofthe given crop il.

. (i) Field capacity of the soil : 28%
(ii) Permanent u,ilting point: i3%
(iii)Dry density' of scil = 1 .3 gm/cc
(iv)Effective depth of root zone :70cm
(v)Daily consumptive use of water for the given crop : 12mm 15]

Derivb the balancing depth for a canal. Calculaie the balancing depth toi a canal section
havingabedwidthequalto20mandsideslopesof 1.5:l incuttingand2:l infilling.The
bank embankments are kept 4 m higher than the ground level (berm) and crest rvidth of
banks is kept as 3m. [3+2]

An irrigation channel is to carry a full supply discharge of 3Omlrs at a velocitv of
1.75m/s, The side siopes are to be 1:1. The ratio of fuii supply depth to bed u'idth is to
bel:6. Assuming the Manning's n as 0.018, calculate the full supply'Cepth. bed width, and
bed slope of the channel using Kennedy's method. tB]

Using Khola's method, calculate tlie uplift pressures at various ke,v points in the figure
.below. Also, determine the exit gradient. Talce the slope correction factcrr as 6.-i. [2]
l)esign a guide bank fbr the weir site from the foliowing data provided. t8l
Bed level of river : 105.00m
Depth of rvater tiuring high flood = 5m
Discharge of rii,er : 6500m31s

The value of l-acey's silt factor may be tatrren as I .

a) Design cres1, length and thickness of irnpervious floor of a vertical drop structure for
the following data: tSl

3.

t.

5.

,7

Discharge :5.2 m3isec,

Side slope of the chamel = I :1,

FSL U/S = 206.10nr

Bed level U/S:205.15m

Beri slope D/S = 204.45m

Bed iviLith UiS and DIS = 1.5m

Top width of crest = 0.55m (for initiai assurnption); Co=C.415 Sp. Gr. of masonary
drop structure:2.25 Bligh's Coefficient : 6.0

Exam. Resular
Level BE Full Marks 80

Pass Marks .t /.

Year / Part IiI / II Tinre 3 hrs.



b) What do you understand by head regulator? State iuncrions of outlets a1{ escape
structures in irrigation canal, t4]

8. Design siphon aqueduct (Drainage rvaterway. Canal watenvay, Becl levels and transitions)
:ithe lbllorving data at crossing of canal and drainage are given: t10l

a) Discharge ofcanal = 60 curnecs
b) Bed width of canal:35m
c) Full supply depth ofcanal = 2m
C) Canal bed level:300m
e) Side slopes of c:anal - 1.5}i:1V
0 High flood di.scharge of dr:iinage .= 5Cl0cumecs
g) High flocC level of drainage: 300.8m
h) Re-d levei of drainage = 299.2nt
i) General ground level:300.2rn

9. Derive the equalicn to find tirc snacing of tile drain. Calculate the spacing of the title
drai::s 1<:r an area having rainfali of i700mm, if 1.5% is to be drained in 24hrs. From
-{round level, depth of impervicus strar.:'unr is l0nr, depth of drain is 2.2m and depth of
highest position of water table is 1.2m, coefficient of permeabirity : 0.001cm/sec. [5+51

4
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1.

A reservoir has to

t'

Candidates are required to give their answers in their own words as far as practicable.
Attempt Alt questions.
Thefigures in the margin indicate Fult Marks.
Assume suitable data dnecessary.

Define inigation; what are the disadvantages of inigation? Describe scope of irrigation in
Nepal.

supply irrigation water to 40,000 hectares lant Calculate the storage
required-in the irto meet the ini detailed below: t8Itn reservoir to meet the demand of various as

Crop Base period (days) Duty (halcumecs) Intensity of irrisation
Wheat 120 2400 20%
Rice 140 1000 15%

klaize 100 1800 2A%

[1+1+2]

t4l

t8I

Ltzl

3.

4.

a) Lacey's theorem is an advan*uage over Kennedls theory. Exptain.

b) Design an irrigation canal using Lacey's theory when Q=15 cumec mean diameter of
silt particle is 0.33mm; side slope s i/z:l (H:V).

Design a suitable cross drainags strucfiire for the following data
Canal Data
Discharge=300m31s
Bedwidth:30m
FSL=209m
Bedlevel=202.50m

Drainage data
Discharge=500m3/s
Bedlevel:198m
HFL:207.70m
Silt factor(f1=1.6

Side slope= %:l (H:V)
Rugosity Co'efficient G'.1):0. 0 I 6

5. Write the design steps of Guide bank with suitable sketch. t8l
6. For the figure shoun below ignoring flocr thickness and slope corrections, find the

percentage pressurc ai the key points of the pilcs using Khosla's theory. The floor
ihickness may not be iess than 30cm anywhere. if permissible exit gradient is 0.15, check
tire floor against piping failure. AIso find thc thickness of florrr at A, B, C anci D points. UZ)

Exam.

Level BE Full Marks 80

Programme BCE .Pass Marks 32

Year / Part umr Time 3 hrs.



7. Design a suitable Sarada Tpe fall for a canal carrying a discharge of 12m3ls with the
following data. r1?.1
UiS bed level=l03m LLL)

D/S bed level = l0l.50m. Side Slope of canal = l%:l (H:V)
Full Supply level U/S=l04.50
Bed width of canal=l0m
Bligh's coefficienF6

8. Design a canal Head Regularor for the data given below. tl2lCrest level of under sluicei=300m
Pond level = 304m
Silt factor (0 : I
U/S IIFL:307m
Full Suppty dischargr 200 m3/s
Full Supply level = 303m
Bed level ofcanal =299,5$m
A silt excluder is provided in the under sluiee; Take GE = l/6.

!i +{.
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I

- Inigation and Drai (cE 6s4)

Candidates are requiled tcl give their ans'*crs in their own words as I'ar as practical:le'

Attentpt 4Il quesliort:;. .

The.figures in tlte inargin indic*te Full Ms-rll*
Ass,ame suitabie data iJ' necessary.

Folioning ciata are given belor..,, caiculate thc depth and fiequency of irrigation.

Field capacity : 80?6. Permarrent Wilting Point (PWP) = }(sa/a

Ftoot ,1epth:70 cm, soil density = 1,5 gir,-e:c. consu:nptive use : 4 mn,rday

Appiicaiion efficiency = 8004, Readiil,' ii-r:aiiabic mcrsturc (fu\iu) = 7aa/o

Explain v,,ith appropriate skeiches ihe cornponent of canal in'igation systen.

a) Design a regime channei (using Lacey''s equatiol) tor the ibilorving dtrta:

Discharge Q : 30 culilecs Silt {actcr f = i 'i Side slope - 0'5:1

Find also the longitu,Jinai sioPc.

.L) tJ"*iflg t-r::crive tbrce apprcach, design a channel in alluvial soil for the lbllowing data:

iiischarge Q :45 cumecs, Beci slop.e : 1/4500' Manning's n= A'0225'

Perurissibieiractive stress: 0.0035 kN/m', Side slope : 0'5: 1

a) Describe briefly the design step of silt exciuder rvith neal sketches'

b) A $,eir has a solid trorizontal floor iengr.h of 50 m with tvro lines of cutoff of 8 m

deptir bolow the river bed at its two encis' Tiie flocr thickness is 1m at upstream end

and 2m at downstream end, with its upper ievel being in flush with river bed' For an

e{fcetive head of 5iir over the weir, caiculate the uplift pressure at the trvc inside

conler points and also the exit gradient'

c) Horv tlo you {ix design discharge of undersluices?

a) Detrermine the len$h ar,d rhickness of launching apron for the straight portion o{ a
' juide buncl in a rir,i,'for il,e fbilOwing data given betrow. Max. discharge: 6000 m3/s,

f,.,".ug" dia. of bei material : i.0 mm, Highest floori level (HFL) : 330m and River

bed icvcl = 326m

b) Write the dift'erent stages of river and their characteristics along flow path'

a) Design crest, 1eng1h anrl thickness of impervious floor of a vertical drop structure for

Biing an agriculturc cotttttry )\jepal. w'hy

Cive your own reason.

the follorving data:

Discharge = 2.1 mi/sec

Side slope ofihe channcl: 1:1,

FSi, U/S = 216.14 m,

Top widtli of crest:0.55 m (for initial assurnption)

Sp. Gr" of masonry drop structure=2'25;

b) Describe escape structures with neat sketch'

i1 is not developed as expected in this sector?
r<1
lJl

t6l

Isl3.

+.

[6]

14l

t6l
J.

t8l

12]

6.

7.

t6l

14I

IB]
Bed level UiS :275.15 m

Bed level D,/S :- 274.45 m

Bed width U/S and D/S = 1'5 m

For rectangular crest Ca = 0.415

Bligh's coefficicnt = 6"0

rll
LJI

: .. .; Regular -



B. a) Define cross drainage structures. Enlist the different types of cross drainage

structures. \trhich type of cross drainage structtire is favorable in hilly areas of Nepal?[i+2+1]

9. Detcrnine drairrage rate in mmiday required to mcet the failowing ccnclitions for heaithy

gi'ou'th oirice in trr.rnded field of plain area in Nepal.

Initial water levei in f-reid = 55 mm
Ir,{aximum r.vater levctr is 400 mrn whicii may persist for up to 1 day

Depth of excess of 250 rnm may persist fcr up to 2 days

No rainfall folio'as the design rainfall for scveral days

Design 3 days rainfall is 400 mm
Neglect ET and deep percolation losses

b)
t6]

U]

Frcni the foilowing data, select ancl sketch thc suitable type of cross rlrainage structure

and deternrine the drainage water way and canal water

Canai data
Fuii supply discharge - 32 curnecs

Full supply level : 213.5 m
Canai bed level = 212.0 n-t

Canal bed width:20m

Drainage data
High flood discharge:303 cumecs

High flood level:210.0 m
High flood depth = 2.5 m
General ground level = 212.5 m

\
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,,/ Candidates are rcquired'to give tlieir answers in their own words as far as pi'acticai.i:.
/ Attemp! All questions.
,/ I-lie figtres in the margin indicate Fwll-Msrks.
{ Necesqgy-figqres aryJtitgthd herylllllr.
/ Assume suitable data if neccssary.

1. Describe in brief stages of planning of inigation projects.

2. Afier ho*' many days rvill you irrigatc your field in order to ensure

crops if

t4l
healthy growth of

t8l

Field capacity of soil :29%
Density of soil : 1 .3 grrlcc
Daily consumptive use: 12 mrn
Permanent Viilting Point: 1 1%
Effective root zone depth : 65 crn

For healtJry growrh moisture content r,rust not fail below 25o2. Holr, much irrigation u,ater

required at outlet of the field, if the application efficiencf is 75Yo

3. Describe economic analysis of canal lining during design of irrigation canal. t5]

ti. Design concrete lined canai tc carry a discharge of 45 cnmec. The bed slope of canal is
assumed to be 1 in 7000. Take side slope of canal as 45" and manning coefficient is

0.015. t8l

5. Wlil' Klolsa's theory is appropriate than other methods? Write clown limitation of mutual
inteifurence correcticn ,,.vhile applying Khosla's seepage tircory. [3+ 2l

6. Design crcst elcments, cislcrr.i elernents and drar.v I-IGL line of a designed glacis fall on a
canal rvatemay rvith tire folio'xing data: t 15.1

Full supply dischargc = I i 8 cumec canal bed level (u/s) - Zal ,5 m

Iruil suppiy levelof canal (U/S) -209.7 m Canal bed ievel (D/S) = 205.0 rn

Fuli supply level of canal (D/S) = 208.2 m Canal bed rvidth (U/S & D/S) = 62 m

Saic exit gradient of canal material = i/5 Fluniing ruiio : 7 5 o/a

1 " \\'rite donn esseniiai recluit'enrent of outlet. Derive the relationship betr,r,cen Flexibility
and Sensitivity. 12+31

3. Nea'1i1, sketch a guide bund and design the follorving conlponcnts of guide bund for river
dischargc of 4000 clrrrec of flood height 5.0 m and silt factor 1.1 . t8l

Length ofguide bund
'l'hickncss of pitch i ng
Width of launching apron
Depth of launching apron

Exarn,

j I'rogramrne i BCE
i.. ...---..-.. -. - -.......-i. .-..-.....

i Ycar / Part i Ill / 1l
L,--^------- ------..-----,-!---- ----,---

Full ]lar k<

Pass ]lari*



9. A distributary channel ha'.,ing bed rvith 5.0 m full supply depth of 1.20 m carries 3.0
culnec of ra'ater. A semi modul:ir pipe outlet in this channel has a command area of 15 ha
gror,ving rice with a kor dei;th 2C crn and kor period of 3 weeks. Determine the size of the
outlet and set it for sub propcriionalily rvith a flexibiliq,'of 0,9. Assume length of pipe as
3.0 m and friction factor as 0.03.

10. Design a siphon for the data given below:
IB]

t8l
Canal Drainage

Discharee (rn'ls) 18.0 60
Eed level (rn) 100.0 101.5
Side slope'CV:H) 1:1.5
Iled u,idth (rn) 6.0
FSLhigh ffooC level (m) 103.0 103.5

Lacey"s silt lltcior : 1 .0" Rugosing coeffient Li : 0.01 6
Normal ground level : 102.C m

1i. Explairi causcs and rcnredial r:leasures of rvatcr iogging in the agricuiture iand and w.rite
thc rneiliod as rveli as assiirnl;tioir adapted to riesign the surface drainage in tcrai region of
Nepal. 

[3+3 j
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