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SECTION "A"
[20 Q.x 0.5: l0 marks]

Circle only the best answer (s) and fill in the blanks where appropriate

What is the result of the product of diversity factor and maximum demand?

t ] Average demand t ] Sum of consumers maximum demand

t I Installed capacity t I Generated power

2. The yearly load duration curve of a power plant is a straight line. The maximum load is 850 MW
and minimum load is 650 MW. The capacity of the plant is 950 MW. What is the capacity factor
and the utilization factor?

t I 0.89,0.78 t I 0.83,0.65

t I 0.78,0.89 t I 0.65,0.83

3. The flow-mass curve is graphicalrepresentation of
t I Cumulative discharge and time Discharge and percentage probability of flow

being equaled or exceeded
Discharge and time in chronological ordert ] Cumulative discharge, volume and time in

chronological order

4. The selection of particle size to be removed based on low head schemes, the consideration is

tl d1;.;1 :0.2 mm -0.3 mm
d1.i, : 0.1 mm -0.2 mm

tltl
dtirit :
drrri,:

0.3 mm -0.5 mm
0.3 mm -0.4 mm

5. In open channel flow, when Wetted perimeter (P), Hydraulic Radius (R),Hydraulic Depth
(D),water surface slope(S*) and flow area (A) is given then the selection factor for critical flow
computation(Z) is given as

t I Z: A*Sw *D/{p t I Z: A/R

tl z:Pt..l t t I z:A*lD

6. A water main of concrete pipe, 3.2 km long and 30 cm in diameter discharge into a reservoir at
the rate of 9 Million liters per day. If this line is gradually closed by operating a valve at the
reservoir end in l6 second, What is the developed Pressure
t I 5m t I 30m
tl 40m tl 50m

7 . The maximum spacing of support piers to avoid overstressing the pipe is
t I 5m t I 6m
t I 7m t I 8m

8. In Ogee spillway, h:3m, C6 =2.5,weir length (L) = 100m, height of the crest above the base of
approach channel is l0 m, width of approach channel is equal to the length of weir. Find Q
without neglecting approach velocity and end contractions

t I 1300 cumec t I 1330 cumec

t I 1360 cumec t I 1390 cumec

9. Based on the Froude number (F) of the supercritical flow, Steady Jump falls on
112.5<F<:4.5 tl 1.7<F<2.5

tl 4.5<F<:9 Il l<F<1.7

tl
tl
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In the development of hydropower it is expedient to have the technology transfer. Which Act
addresses this issue?

t ] water Resources Act 1992 t ] Foreign investment and technology transfbr Actt I Electricity Act t j Envirinmental protection Act

which of the following is not considered as a loss in reservoir
t ] Evaporation Loss t I Reservoir Leakage
t I Sedimentation Loss i f Absorption Loss

The- objectives of hydropower development policy are
t I To minimize the potential risks in the t I Basin wide planning.

Hydropower projects
t I To tie-up electricity with renewable source t I To tie-up electricity with economic activities

which of the following is not component of electricity tariff
t ] Transportation charges, related to management t ] Connection and metering charge
t I Management, operation and maintenanie a ] capacity (kw) charge, related to system peak dem#d

charges

Describe Tick the incorrect statement
t I Both EIA and IEE are approved by Connected t I EIA is compulsory if Hydropower having installedBody capacity of 30 MW is wiihin nationalpark"
t I IEE is approved by concerned ministry and t I vbnitoring is done after 2 years of implementail-._f

EIA is sent to Ministry of Environment science the project
and technology by concerned body

What type of power plant scheme is this Sketch (name in blank box)? Name allthe components
of it in the sequence.

t I trl
121 t3lt4l tslt6l ?lt8l tel

( 03Ll

7

II

n

/

In a reservoir type of a project of installed capacity of 250 MW with the dam height :180 m.
and overall efficiency is 87Yo, and reservoir volume of 3500 million cubic meter for its
regulation period. Find the time taken for its regulation period if the regulated flow discharge is
used for power generation.
I I T:248.93 days t I T: 280.34 days

t I T: 148.93 days t I T= il6.08 days

If we need to achieve the well-being of the society from a development works then
t I only tangible aspects must be considered t I tangible and intangible aspects must be given

due consideration
t I only intangible aspects must be considered t ] Only dollar evaluation may be adequate
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Indicate numerically the proper sequence to following activities and indicate which activities
belong to Political Representation, Planning and Engineering showing the flow process between
them:

l
l

Social Needs
Engineering Objectives

SocialObjectives t l
Final Design t l
Operation and Maintenance t ]
Political Representation [ ,

Engineering Design [ ,

Basic Data and its Analysis
Technical, Social and Economic
Review

Alternative Plans
Construction Management
Selection of Plan
Planning
Technical, Social and Economic
Review

Looking at the sequence of longitudinal profile of a river, the river may be zoned as upper
course, middle course, lower course and estuary. Show qualitatively, where will be ihe
equilibrium state of sediment transport occur?
t ] In between middle course and lower course t ] In between lower course and estuary
t I In between upper course and middle course t I In middle course

What type of power plant is this (fill in blank box)? Name all the components of it in the
sequence. Find the power in kW generated if it process 60 l/s from a fall of 2.0 m. It has got an
efficiency of 50Yo.

t I tpl
trl pl
t3l t4l

tsl t6l

",;r',
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SECTION "B''
fShort questions answer]

Attempt ONLY THREE. Question no. I and 5 are compulsory. ll4I

Write Essay on the following statements: 16l
a. The Ministry of Energy of present government enforced NEA to cut the load shading completely in

the Kathmandu Valley and has announced to do so in entire nation. How do you think it is possible
to do so in lieu of insufficiency in power generation in foreseeable future? Substantiate your
arguments with valid reasoning. t2l

b. In retrospect of speedy hydropower development, provide your analytical review on the Ministry of
Energy's statement on "Nepal ko Pani-Janta ko Lagani (literally: Nepal's Water-People's
Investment)" will move a power supply security to overcome the present and future energy crisis in
Nepal. t2)

c. Describing your candid opinion on Nepal's Hydro-Vision 2026"10 GW in l0 years", recommend
necessary short-term, medium-term and long-term measures to follow (300-500 words) 12)

2. Answer the following questions in short: I4l
a. What are the requirements to plan and design of an intake structure? Write four major principles of

the arrangement of an intake structure on the river. t2l
b. Describe the necessary steps and formula for hydraulic design of an outflow from side weir with

sketch. Differentiate between a diversion weir and a retaining weir showing the sketches. t2l

3. Write short notes on.(1lfll FOUR) t4I
a. Foreign investment tax rules. Importance of foreign direct investment and role of government in

the sector of hydropower development.
b. Roles of water users association in an irrigation project.
c. Advantage and disadvantage of Rehabilitation, Upgradation and Modernization (RUM) of existing

hydropower plants.

d. Boot rules for Construction of Hydropower
e. Hydropower Development Policy, 1992,2001
f. The major factors that must be considered for while studying any hydropower projects, give your

remarks based on the Environment protection act and regulations.
g. hydropower development in Nepal and World
h. pumped-stored hydropower plant
i. Renewable energy technology
j. Depression Power Plant

4. Enumerate and define the doctrines of International Laws on Water Course I4l

5. Describe briefly the Issues and Principles guided to formulate the Water Resources Strategy
of Nepal. What is the national goal and enumerate the ten outputs of Water Resources
Strategy. With reference to special aspects of these outputs describe briefly how they will
contribute to this goal through the achievement of short-, medium- and long-term purposes.

[1+t+2:4]
SECTION "C"

ILong questions answer]

Attempt ONLY THREE. Question no. 6 and 9 are compulsory. Assume necessary data appropriately. l26l

6. Determine the electricity need of a Chepang village in Rakshirang of Makawanpur, Nepal for
30 households that has to be fulfilled by a multipurpose micro/mini-hydropower plant, which
will be sited at nearby rivulet-fountain situated at a level 750 m amsl and about 1.5 km away
North-West from the village. The Chepang community, which is 15 km North-East along the
Manahari river from Narayanghat-Hetauda highway at Manahari bridge, is willing to have



their quality of life bettered through the utilization of its water and other natural resources
through social-entrepreneurship. The daily requirement for various activities are as follows:

ll0la) Drinking, washing and cooking water need @ 50literldayiHH with pumping from 20 m dipth
to a storage water tank above ground height of 5 m. Take a head loss of 2 m and 50% of pump
efficiency. Give a sketch. Pumping is required for 2 hrs in the morning and 2 hrs in the
evening. - 

tll
b) Water for 150 caule @40literlday/cattle with pumping from 20 m depth to a storage water

tank above ground height of 5 m. Take a head loss of 2 m and 50% of pump efficienci. Give a
sketch. Pumping is required for 4 hrs in the momin g and 2 hrs in the evening. t I ]

c) Irrigation for 20 
.ha @s0 m3/ha with gravity flow from the powerhouse through an earthen

channel. Select the canal type and design its size. A community fish-pond is-also planned,
which gets the water from draining the inigation water as weli as after power proiuction.
Irrigation is required for 5 hrs a day. Find out whether a storage for water at the intake is
necessary or not. Ensure also that enough is available for gravity flow to irrigation and fish-
ponds located at 700 m amsl and 695 m amsl respectively Explain the schime with goodsketch. el

d) Each household uses elechicity for lighting of 4 no of l0 Watt Compact Fluorescent lamps
(CFL) for 3 hrs in the evening after 18:00 and an oven of lkW for tooking twice for I hrdaily. tl l

e) Villagers are also planning to have a saw mill of 20 kW, a rice-flour and oil mill of l0 kW and
an aqua-agriculture products processing unit of l0 kW to be operated each for 4 hrs per day
during offpeak hours. tlj

0 Put all these demand in a tabular format and calculate the total power need with respect to
time of day. Plot the load curve and calculate energy analytically and graphically. t2)

g) If a nearby rivulet has a mean monthly average discharge of 400 liter/s then find out the gross
vertical distance from intake to powerhouse (Gross-Head) needed to satisfo the total power
(lnstalled capacity) and energy demand calculated above of the village. Assume turbine
efficiency of 80o/r, generator efficiency of 95Yo, transformer efficiency of 97o/o, transmission
and distribution efficiency of 90Yo and hydraulic efficiency of water ways of 95%. Select an
appropriate type of turbine if the system frequency has to be maintained at 50 Hz and a
synchronous generator with 2 pair-poles has to be synchronized. Find the capacity of
generator if the altitude factor and power factor are 0.95 and 0.80 respectively. [+l+l:3]

After observing the intake site in the Chepang village with a vertical drop, it was decided that
a Coanda type bottom intake structure has to be constructed across the river to protect the
natural beauty of the fountain for tourism as well as get rid of frequent debris cleanning.
Check the hydraulics of the intake for a turbine discharge of 400 l/s. To allocate for evapo-
transipartion and percolation in the collecting canal, the design discharge has to be increased
by l0%. Check the discharge through the intake using Table I for the following input with
neat sketch and dimensions: tSl

7

Given Symbol Value Unit Remarks
Turbine Discharge Q, 0.4 m'ls
Clear spacing of trashrack bar a 6 mm 6-15 mm
Thickness ofbar t 20 mm Up to 50 mm wide flat bar
Angle of inclination with horizontal p 6 degree
Intake Trashrack Length L 6 m
Weir Coefficient c* 2.2 For round over fall
Contraction Coeffi cient I 0.63 For square bar
Width of intake chamber opening b 0.50 m
Intake chamber slope S; 0.005
Intake Canal Depth D; 1.00 m
Manning's coefficient n 0.015
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Table l: Calculation table this table ond attached lo answer

8. Water is delivered from the upper impounding reservoir through a low-pressure tunnel and a

high-pressure penstocks to the three turbine-generator units using a trifurcation in a high-head

hydropower plant. The tunnel and penstock is separated by a simple surge chamber of 6 m
diameter to cope with the transient in waterways. Due to ecological reason, only 50 % of
maximum reservoir storage of 25*106 m3 can be utilized continuously for 6 hours during the
peak-demand time period. The volume of lower reservoir, which is an artificial lake, is only
0.5*106 m3 to store incoming discharge from its rivers. Use Table 2 for calculation in the

answer sheet The following data for the so-called peaking run-of-the-river hydropower plant
are available: [81

Find: Sketch Formula Answer Unit Marks
2l. Neat Sketch of intake

llYo of
Q'

0.52. Design Discharge for intake Q6

3. Initial water depth at u/s of intake 0.5

0.54. Area of flow u/s of intake
0.55. Velocity of water at u/s of intake
0.56. Velocity head at intake
0.57. 1 Function of trashrack opening For

9:6"
0.58. Total head including velocity head
0.59. Design head
0.510. Centre to centre distance between

bars
0.5I l. Correction factor for submergence
0.512. Discharge through intake
0.513. Additional discharge

14. Your concluding remarks

Given Symbol Value Unit
Elevation of the Impounding Reservoir water level HWL r 500

amsl

Elevation of the downstream reservoir water level 900 m

amsl

Total volume of Impounding Reservoir (lR) Vrn l5*100 m'
Period of daily peaking Tru 6 hrs

Length of low-pressure tunnel L1 3.5 km

Diameter of low-pressure tunnel D1 3 m

Friction factor of low-pressure tunnel ft 0.025
Number of High pressure Penstock n I Nos.

Length ofPenstock LP 500 m

Diameter of steel Penstock Dp t.5 m

Friction factor of Penstock material Fp 0.016
Turbine efficiency rlrivt 95 %
Efficiency of Generator (Generator with l6 poles, 50 Hz) Ilcrv 98 %
Barometric pressure BP 10.3 mof

WC
Thoma's Cavitation coeffi cient otg 0.043 *

(n./l 00)"2
Table 2 Calculation Table: Determine: Marks
(a) Draw a neat profile of the project components and show all necessary descriptions with

dimensions
t2)

(b) Determine the maximum power output from the installation
for 6 hrs

P MW t0.sl

(c) Estimate the specific speeds and specifo the type of turbine.
Give the fundamental difference between these two specific
speeds.

ns rpm t0.sl
nq

(d) Determine the safe turbine setting level relative to the
downstream reservoir water Ievel.

H, m amsl t0.sI

(e) Determine the position of centerline of runner for vertical
turbine setting.

H1 m amsl t0 sl



(f) Estimate:

maximum upsurge and down surge in the surge
rejection ofone unit; and

a The

chamber for a sudden Zmax. DS

m
amsl

Zmax. DS

amsl
me maximum down surge for sudden acceptance of

demand on one unit. And the time of oscillation

a Th

T S

P MW
with 60% of Load Factor

(e) Determ lne the andpower thefromenergy powerhouse
a of E MWh

[0.5+
0.5

same project is planned to be
I type, then determine the extra

reservoir that is needed to store the water during turbine
mode. Give your final remarks on what needs to be done if

(h) rf the
storage

modified to pump-
volume of the lower

the reservoir volume is not

m [o.s+
0.sl

[0.5 +
0.51

[0.s+
0.sl

9 The Jure landslides in Sindhupalchok created a natural reservoir on Sunkoshi river at Ramche.
To transform this devastation in to a flourishing business (Bhaigayo prakritik Hani-Banau
Yasalai Aba Sampada ko Khani) and to support the affected families, a multipurpose reservoir
type- project is proposed for irrigation, water-supply, water navigation, recreation and power
production' To maintain the ecological regime of the river downstream, an environmental
flow shall also be released through a fish ladder, which equals lS% of mean annual river
flow. Ten percent of produced electricity will be used for pumping water for irrigation and 5o/o ' for water-supply through canal. The canal is located at a'level of 960 m amsl from the
reservoir water level at 950 m amsl. The rest of electricity will feed the grid. tsl
o What should be the installed capacity,of power plant, irrigation pump, water-supply pump and the

power to grid in kw? Take total efficiency of hydropo*", = 
'gszo, ,ffi.i.n.y;i;ur; = 75%.

Mean annual flow of river = 60 m3/s. The power plani is located at the to* oia0 ,i, r.,i!r, dam at900 m amsl. All losses shall be ignored. Provide a neat sketch of the componenfs of the
multipurpose scheme. 

t3l' How much of discharge for power plant, irrigation, water-supply and fish-ladder shall be released

' If allthe remaining power could be delivered to NEA grid each month throughout the year at the
average rate of 7 Nrs/kWh at the rate of 85o/o Plant Factor, how much of monJy could the aflected
families get with a share of 20yo every year? 

t3I

10. The base and peak power demand of an ideal Integrated Power System (lpS) is being covered
optimally by a number of run-of-river hydropoweiplants and a number of diesel power plants
with the annual operating cost respectively as given below. The maximm urd minimum
power demand of the IPS during the year is ll00 MW and 550 MW respectively. Assume
reserve capacity of peak power plant as 20%. The cost equations of these stations are asfollows: 

tSl. Cthe-= { 1000/kW x kW + 0.06/kwh x kWh} NRs.. chyd,o: {2000/kw x kw + 0.02lkwh x kwh} NRs.
If the load varies as a straight line, find the following:

a. Duration of operation for peak load plant
b. Peak and base load on demand curve
c. Installed capacity ofeach station
d. The annual load factor, capacity factor and utilization factor ofeach stationse. The average cost of production per kWh for the entire systemf. Minimum cost of generation
g. Neat sketch

l
l
l
l
l
l

t2)

Z,n^" rr<

Vern
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Table 3: Formulae List: assume a if miss data found
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Q=Av
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A= By+ ?2
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R=AP p:4.75Qr,,,

f,=l.76dtn

,.1i,,, = Je3fr:$fu
Y permissible = aJd

a =36;d > lmm

a=44i0.1 <d<\mm

a = 51:d <O.lmm

f = safety factor = l.Ztol.5

L= "f

u, = gRS

HV
w - u,

o =0.625f '' )' \380.78 )
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+ 0. l5(crn )
o\try t-u.6p

v,,n, =0.125,tigF

D =0.52H-o t7 (p I H9 tt

on=1200 kglcm2

A:urgc tholr - '' rr7 ,4 , 1,,

2gh1(Hg - hrl

ht ./'l u 2

2 541)

a: !xI;
r--5;R

1' r.E

m/s

F.Dt: 'mm
2t
f L,I

Ilr=-u,
?SD

T.= 2x(UVc)

D"=0.62, ffit*'
V..o = 0.125r,fii1[m/sl

2,"*=v"Sqrt(LrA1/(gA51))[m]

P"=hr/Z*"" [-]
hp=Co*vp/g[-]
Znrar. uS forsuddenre,arion= Z.ar ( l -2l3P"+l/9*P"')[m]
Zmar. DS for sudden rejeuon= Zr"* (- I +2P")[m]
Zrnax. DS for suddcn ac*pr**= Zn,r" (-l -0. I 25Pr)[m]

T=2pi* !qrt(L1A5/(gA1))[s]
Q=Av

y = 
I 

P2/t4tz

A=B),+:.v2

P = u+2y[7
tt=A

L t+aQ, I
s = ----k. a Y- sin B.

)

Kr-coefficient related to the partial clogging ofthe screen
o For no automattc raker = 0.20 to 0.30
. For automatic raker with hourly operation = 0.4 to

0.6
o For automatic raker with differential pressure

sensor = 0.8 to 0.85

h. = k rl\3I"i,,' \ai 2g

Where; hf- loss of head through racks, m
t- thicknes ofrack bars. mm
a-clear distance (spacing) between bars, mm
v- velocity of flow through the trashrack, m/s
o-angle ofbar inclination to the horizontal
k-factor depending on bar shape

0t

k:2.42 k=I.83

r.j
h. = E-l:.L ' 

.]t

v,,-nornal velocity through orifi ce

t=[**
Shape t

G
Cone tkangl

mouth 0.03
to
0.05

0.002

Slightly rounded 0.t2
to
0.25

0.04

comered 0.5
2-

Qo = , 
cubLyZgh

c-correction factor for submerged over-fall
a --c=0.6;Cos"p
(l

Where a-intemal width between bars
d-centre to centre distance between bars

Zh=;1h=
J-

944 0.817

0.921 22' 0.825
0 9r0 24' 0 8t2

l2' 0.894 26' 0.800

u lorr = ,f o33G -\gtl

'p"*i"ribk = ald
a =36'd >lmm

a=44:0.1<d <lmm

a = Sl:d <O.lmn

1

submergence head h",,6 =l 5:
z8

vorlex free crileria

h.,
--!g > 0.5
vJd

r- - 
bp-br

tr lhourlcb- cF '

Where h- duration of peak plant operation
bpcost of power for peak plant
bb-cost of power for base plant
cp-cost of energy for peak plant
cb-cost of energy for base plant

Stored Energy in a reservoir
Es,=l/(3.6* I 06)*g*p,, *V*h. [kWh]
Where, h, is head over tailrace up to the centre ofgravity of
the reservoir

vz
tuhmergenc'e neucl S =l 5 

Zf
vorlex .lree crileria

{,os

Qytilwo1, =? c u Jzs .t.u'''
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