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SECTION "A"
[20 Q.x 0.5:10 marks]

Multiple choice question; Tick only the best answer

2.

Recommended type of generator and phase of a 10 kW micro-hydropower plant are:

t I Induction generator, Three phase only t 1 Synchronous generator, Three phase only

t I Synchronous generator, Single phase t ] Synchronous or induction, Single orthree
phase

Which technological intervention was applied for solving the hydro-fracture problem during the

construction of waterways at Upper Tamakoshi HEP?

I I Reduced slope of headrace Tunnel and using t I Kept high.. slope of headrace Tunnel and

the vertical power shaft to connect the original using the vertical power shaft to connect the

vertical power shaft. original vertical power shaft.

t I Reduced slope ofheadrace Tunnel and using t 1 Kept high slope ofheadrace Tunnel and

the vertical power shaft then after. using the vertical power shaft then after.

What type of power plant is this (Sketch)? Name all the components of it in the blanks as

numbered
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4 The physical sense of hydropower engineering is

t ] To gain the otherwise lost kinetic energy

To best utilize the available head and

discharge for the production ofelectricity
through the electrical and mechanical means

t I To obtain the energy obtained in the water through

the construction of civil structures

t ] To gain the otherwise lost potential energy in
overcoming the frictional resistance imposed by
the river beds and the banks

5 The salt dilution method of stream measurement is ideally suitable in

t I A large alluvial river t ] Flood flow in a mountain stream

f I Steady flow in a small turbulent stream t I A stretch of river having heaw chemical loads.
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6. The maximum surge height Zmax:*-vo*SQRT(Llg* A/Ast) is determined by equating

[ ] internal energy in the tunnel and potential energy in the surge tank

[ ] kinetic energy in the surge tank and potential energy in the tunnel

[ ] kinetic energy in the tunnel and internal energy in the surge tank

[ ] kinetic energy in the tunnel and potential energy in the surge tank

What type of power plant is this (Sketch)? Name all the components of it in the blanks as

numbered
t I tll
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t4l tsl
t6l t7l
t8l tel
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(a)
If the peak load on a plant with a capacity l4lMW in a week was 99MW and the energy produced

by theplant was 7.89GWh,then the capacity factor and load factor for the week are respectively

| 13331%&47.44o/o | 131%&46% | 134.21%&48.44% | 130%&4sv.

g. Nepal's first mega size Hydro Power Project from private sector has ofpower
generating capacity
[ ]542kW [ ]240kw []60Mw

10. What is the power needed by a pump to draw water at 200 lps at the height 100m above if the

pump efficiency is 80%

I lrso.eo tw | )z4s.zsw [ ] 245.2s kw [ ]ls6.e6 w

11 What type of power plant is this (Sketch)? Name all the components of it in the blanks as

numbered.
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Which one of the following is PROR type Hydropower plants?

t I Bhotekoshi t ] Indrawatilll

ij Khimti tl Sunkoshi

l,lAR O 7 2O1B
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What type of intake is this (Sketch)? Name all the

I1
lzt

H\{--

components of it in the blanks

tll
t3l

HlrJ'*-

G.6 t
t.25t

What is the purpose of these charts? What elements to be given and what elements to be found out

in (a), (b) and (c) and what these symbols mean?

t I [a]

tbl [c]

(a) (b) (cl

D

15. What type of weir is this (Sketch)? Name all the components with symbols on relevant numbers and give the

formula in the blank no. 9

9

h

hii -- ho-w

hu= tall water

What are the elements necessary to be implemented during Reactivation, Upgrading and

Modemization of a hydropower plant?
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The Terms' of Reference of Hydropower Plant for a consultant basically is a:

t ] Dccument of a part of Project t ] A Document of Agreement between the owner and

Deveiopment Agreement (PDA) the consultant

I ] f)ocument that describes all the t 1 Document that describes the major concern of an

components ofa hydropower plant owner for a particular hydropower project

18. What is the purpose of this sketch? Name all the components of it in the blanks
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t ] a,c,d,b,e,f,g,h
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Find out the correct sequence according to water resouroes policy:
a. Drinking water and domestic users;

b. Cottage Industry, industrial enterprises;

c.Navigation;
d.Recreational uses;

e.Irigation,
f. Agricultural uses such as animal husbandry and fisheries;

g. Hydroelectricity;
h.Other uses.

I ] a,e,f,g,b,c,d,h

t ] a,b,d,e,c,f,g,h

20 By examining the sketch, name all the components of Headworks in the blanks as indicated by
respective number
trl I2l
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SECTION "B''
[Short answer questions]

Critical thinking. Attempt ONLY TWO. U6l

l. Build a general framework for planning an integrated river basin's water resources by enlisting the

essentiali, which would address the issues of Water rights, integration, coordination, dispute

resolution, stakeholder participation etc that should be taken into consideration for the planning

process. Briefly account the intemational law on Water Resources giving an example of one known

country. What is the way forward for cooperation with India on the development of hydropower and

multipurpose projects? t8l

2. Is hydropower a blessing or a curse in Nepal? Give your candid opinion on why people make use it as

a blame game. Enumerate the important provisions for sharing electricity royalty as benefits to project

affected people under the Local Self Governance Regulations (2056) and the Hydropower

Developmeniloli.y (2058). t8l

3. Write in short the essentiality of tunneling in hydropower project by describing the types of tunnel

supports that are popular in Nepal. How best do you think the construction management should be

doni to complete a liydropower construction within the stipulated budget and time? Name and sketch

all the groups ofunderground diversion type projects. t8]

4. Attempt ANY WO: t8l

o What is Flow Duration Curve? How it can be used in Hydropower Project Planning? Show

analytically and graphically how the FDC can be developed from a set of hydrological time-series

data.
o What is Load Curve? How are the Load Factor, Capacity Factor, and Utilization Factor

interrelated?
o Draw, with neat sketch, the forces acting on a typical gravity dam and state the Conditions of

Stability (COSX How to improve such COS?

o What is the importance of a de-sanding basin in a hydropower project? How it the guidelines for
its design? Site a de-sander in a typical headwork arrangement.

o What are the surges in water conveyance structures, and how they are mitigated? How do you find
the need ofa surge chamber in the conveyance system ofa hydropower project?

o What are the types of turbines used in hydropower projects and what are their selection criteria?

Showing an empirical chart, describe how a particular turbine is selected for a design at feasibility

stage.
SEC ..cr)

[Long answer questions]

Analytical. Attempt ONLY TWO. Assume necessary data appropriately if missing

5. A license to conduct the feasibility study of a seasonal storage type multipurpose project for

hydropower, irrigation, drinking water and flood protection on a river in Nepal has been obtained

fiom bepartment of Electricity Development with an approximate area delineated (outer rectangle) as

shown in topomap Fig I by a hydropower developer. The Nepal Electricity Authority will be ready to

do PPA at NRs 7l- for Summer (spill) energy and NRs 12 l- for Winter (regulated) energy for storage

project. The hydropower developer hires you as a consultant to conduct the study. Assume that a

66kVD2AkV Transmission system with substation is available at a distance of 10 km downstream of
the powerhouse site from where the power will be evacuated to the National Grid' A river hydrograph

data is given in the Table I (attached at the end) you may choose a storage type plant with a design

discharle of Qzoy" for which: Uzl

124)



a' Delincate appropriately in Fig. I the reservoir inundation contour area ata flood water level at
1900 amsl, intake above dead storage, tunnel, Powerhouse and tailrace sites on the topomap togain a head.of - 675m on plan and profile. You may propose extension of licensed area if
needed to gain the maximum head (hinL: waterways shown).' 

t4.51b. Shcw the spillway location nearby the Dam. tllc' Plot the hydrograph and corresponding flow-duration curye to find out the seasonal storage forhydropower,.ifigation, alint<i1s *qt"t, flood protection together and spillway design at the rateof 100 m3is, 10 -'/t, 5 -'ls, 50"0 m3/s and roo'o rn% ir,roughout the year as given in Table 1.[2]d' The design discharge at Qzo,t" is planned to be carried through a tunnel with diameter 5 m. Theroughrress coefficient of the pipe k. is 0.03mm. Assume u:I."13 , r o:a rrlr' tl]o Detennined-velocity vo using HRS (see attached chart) chart (if the chart is not applicable determine itanalytically).
o Find the head loss in the pipe, using explicit formulas of Moody or Barr tjl;lo Check the necessity for installing a surge tank (T,>3 to 6 s) 

t0.251e' calculate Installed capacity, firm capacity and iotal energy stored in the reservoir, total cost,total benefit, Benefit-cost ratio and Simpie payback pg,9; of the proposed hydropower plantwith 55% of plant factor using the formai suggested m raute 4. overall efficiency of the plant is85%' The specific cost of power plant for option one is NRs. 400,000/kw. [0.25x10=2.5]

6' A Pump-storage H-y-d_ropower Project (PSHP) is an important component of INpS for its long-termsustainability and KU is interested to advise.the concerned authority for the use of pSHp. It is alsoessential to be independent from import of electricity from neighboring countries and to end the loadshedding for industry 
11d to replaci the diesel generator for 4 peak-hrs daily. Fortunately, Nepal isboon to have sites available for PSHP and the uie of renewable energy. water is delivered from theupper impounding reservoir, which is a.natural lake, through a low-"pres.ur" trrn"l and four high-pressure penstocks to the four reversible (pump-turbine) uniti. The tunnel una p"n.to"k is supposed tobe separated by a simple surge chamber oi 6 m diameter to cope with the transient in waterways. Dueto ecological reason, only 65Yo of maximum reservoi6to.ug" or ziiio;-*, .un be utilizedcontinuously for a period of 4 hours in Turbine Mode (TM). The volume of lower reservoir, which isalso a natural lake, is only 5*106 m3 to store incoming discharge from its rivers. The following dataare avaiiable from Table 2:

Table2: Uzl

Given
Value Unit MarkElevahon of the Reservoir water level HWL I 500 mamsl

of theElevation downstream reservolr water level 1440 mamslTotal volume of Reservoir Vrn 25*l
Period of turbine mode T 4 hrs
PericC of

Tprt, 4 hrsof tunnel LT 0.5 kmDiarneter of tunnel
5 m

tunnelFriction factor of
0.028Numb":r

n 4 Nos.ofeach Penstock
60 mDiameter ofPenstock
3

factorFriction Penstockof material 0.016
in Turbine ModeTurbine

90 %Turbine ln Mode
80 %

with 16 50Generatorof Turbineln Mode 90 o/o
Generator in Mode 90 o/o

Baromeh'ic pressure
BP 10.3 m of water

column'[homa' s Cavitation coefficient org 0.043 *
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7. Design Penstock for above mentioned PSHP. The required data is given in Table 3 below: tl2)
Given Symbol Value Unit Remarks
Diameter of Penstock DPS J m
Tg!4i Ttrrbine Discharge Q, I 085 m'/s With 4 bifurcation
Gross helrd He 60 m
Total lcngth of Penstock LP 60 m

-YglqgJ modulus of Elasticity (E) 2 l 10000 kglcm'
Allou,abie hoop stress (o) 1400 kE/cm'
Joint Efficiency Ii 0.9
Dcnsiqv of Steel (p) 7850 Kg/m'
Bulk rnodulus of water (B) 1.96 x l0' N/mz
Ultimate tensile strength : UTS 410 x106 N/m'
Pq1Slty c.f lvater: (v) l 000 kdmt
Assumpticns
Life span oi Penstock (n) 35 years
Cost of Energy COE l2 (dry month) NRs/kWh See Fig.6 total energy

in a typical dry month7 (wet month)
Cost of Energy COE I 3 (dry peak hr) NRs/kWh See Fig.6 for total

peak and off-peak
energy every day

8 (dry offpeak)

Peak hour time and duration Po"a,, T l6:30-20:30, 4 hrs, kW, hrs
Dynamiq head (35% Hg) h,r m
Friction factor f 0.0465
Gate closer time T" 40 s
Coeffi cient of pipe entrance K"nt."n"" 0.2
Coefficient ofpipe bend Kb"nd 0.3
Coefficient of pipe contraction K".',,".i." 0.5
Cocfficient of pipe expansion K"*o"n.inn 0.3
Dynamic viscosity of water at 20oC p l.002 N s/mz) x I0-r

Attempt both questions U2)

a) For the given figure, calculate the total energy stored in the reservoir having volume of 5x106 m3
and the mean power that can be generated from the hydropower plant, whose turbine is, located
150 m below the dam base from its Center of Gravity (CG). The overall efficiency of the turbine
is taken as 80%. Take the shape of reservoir as triangular as shown in Fig 2. t4l

Free board V

8

S

h,

b) A micro-hydropower plant has to be implemented at an altitude of 3000 m in a National park to
get the permission from the park authority. The ambient temperature inside the powerhouse
during midsummer afternoons can be up to l8o C. You will proceed with (a) the preliminary
sclection of an appropriate turbine by looking at the specific speed nq in Fig : 1by tni determinl
the generator rating in kVA with 50 Hz frequency and has 2 pair polesand (c) find the type of the
hydropower project which operates under a discharge of 400 l/s and a gross-head of 60 m. Take
the overall plant efficiency of 60 o/o and head loss 5%o. To control the power output, an ELC with
ballast load is suggested and the villagers also plan to use tube lights. Use the- appropriate data
from Table 4 below. Give your conclusive remarks on your result. yz+z+2+2:g1

d

Drinking
on

Power





Charts. if used. to be attached to vour answer sheets uAB 0 1 201
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Fig. 1: Topo Map (color) for question no. 5 (to be attached to vour answer sheets)
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Table l: For Question No. 5 (to be used for calculation and be attached to the ansloer sheet

aftercompletingit). 
'---r-- 

UAR 0 7 2018

Power, Energy and Reservoir Volume Calculation Sheet

Given and fill in the blanks as in the no.5
Design Flow at /s Design Flow

Gross Head m , ? m3/s

Generator
efficiency

I-1
0.98

Min. release to
river
(10% of mini. River
flow

m'l /s

?

Discharge
for Flood Qn6
from Jun-Oct

nt'i s

Turbine efficiency
t-l

0.92

Dry season energy

rate NRs/kWh ,

Discharge for
irrigation Qi.
from Jan-Apr
and from Oct-
Dec. m3/s

Conveyance
efficiency

t-1
0.95

Wet season energy

rate NRs/kWh ,,

Discharge for
Drinking Q6,
throughout
the year m'/s

Dead Volume l5o/o of total volume
Dec16-A 15

16 - Dec. 15
Dry season:

Wet season
Calculation

Month

No

of
days

Discharge
m'/s

Power
(kw)

Energy
(kwh)

Storage Volume
(m')

Qn Qr Qr:
Qtov.

Qi. Qo* Qn P; E v
A

V6 Vo* V; Vd.ud V1 Vr..

I 2 3 4 5 6 7 8 9 l0 l1 t2

Jan 3l 20

Feb 28 10

Mar 31 5

Apr 30 5

Mav 31 50

Jun 30 250

Jul 31 400

Aug 3t I 050

Sep 30 700

Oct 3l 290

Nov 30 50

Dec -11 40

Total

Qn River Discharge P1 Design Power ( for Installed capacity)

Qr

Available Discharge (after
deduction for ecological
flow V

Annual storage

Vn.,

Reservoir Capacity

QQn Flood Storage Discharge Vn
Storage for Flood mitigation

Va.na

Dead Volume for
sediment storage

Qa* Drinking water discharge V Storage for drinking water E., Storage Energy

Q'' Inigation water discharge Vi" Storage for irrigation

Qt Turbine Discharge Vr Storage for powergeneration

I Installed Capacity Pin.t, kW
2 Firm Capacity, P6*, kW
4 Total Res"rvoir cipacity [m31

6 Total Stored EnergylkWhl
7 Total cost of Hydropower Installation

8 Total annual benefit from hydropq\rygr

9 Simple payback period

l0 Your candid conclusion
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Table 2: For Question No. 6 (to be used for calculation and be attached to the answer sheet
after

Table 3: For Question No. 7 (to be usedfor calculation and be uttached to the answer sheet

Requilement:
2Draw a neat profile of the pro.iect components and show all necessary descriptions with dimensions

DrTM MW
MWh

0.5

Ery
(a) I)etermine the Installed Capacity of PSHP in turbine mode for 4 hrs.

n.
n"

rpm 0.5(b) Estimate the specific speed and speci$ the type of turbine.
Giv.: the fundamental difference between these two quantities.

H, mamsl 2(c) Determine the safe turbine setting level relative to the downstream
reseri,oir water level.

mamsl 2HT(d) Dctermine the position of centerline of runner for vertical turbine

settin!:.

Zmax, US

Z^, os

mamsl 2o 'i'he maximum upsurge and down surge in the surge chamber for a

sudden rejection ofone uniu and

(e) Estirnatc:

mamslZmax,DS

T s

0.5+0.5The maximum down surge for sudden acceptance ofdemand on

one unit. And the time of oscillation. Is there any need to install a

surge tank?

Ppv MW

Epu MWh

I(0 Determine the power and energy needed for pumping the same

volunre of water if the pumping power can be available for 16 hrs

daily.

m' 0.5+0.5VeI-n(g) Determine extra volume the lower reservoir's capacity that is needed

to store the water during turbine mode. Give your final remarks on

what needs to be done if the reservoir volume is not enough as well as

compare Fig 6 for capacity of PSHP in turbine and pumping modes.

Find: Symbol Formula Answer Unit Marks
I . l'hickness of pipe t 1.0

2. Head loss hf 1.0

3. Power loss PL 0.5

0.5

0.5
4. Annual Energy loss EL
5. Cost ofAnnual Energy loss (dry) CoELa

6. Cost ofAnnual Energy loss (wet)
'7. 'Iotal cost ofenergy loss

CoEL* 0.5

TCoE 0.5

8. Wave velocity C 0.5
9. (lritical time T. 0.5

10. Total Head hr 0.5

I 1 . Volume of Penstock V 0.5
12. Cost ofpenstock pipe CoP 0.5

13. Design pressure p 0.5
14. Economic Diameter (Sarkaria) D. 0.5

15. Economic Diameter (USBR) D" 0.5
16. Losses in Penstock

a. Wall loss h*,,' 
'"*

0.5
b. Turbulent losses h turbulence loss 0.5

17. I otal losses in penstock 0.5
18. \'our concluding remarks r.0
19. Neat sketch depicting all parameters 1.0

?'able 4: Factors affecting Generator Rating

Ambient temperature in oC 20 25 30 35 40 45 50 55

-0-8sA Temp. factor l.l 1.08 1.06 1.03 I 0.96 0.92

Altitude in m I 000 I 500 2000 2500 3000 3500 4000 4500

B Altitude factor I 0.96 0.93 0.9 0.86 0.83 0.8 0.7'l
C ELC correction

factor
Without Electronic Load Controller I

With Electronic Load Controller 0.33

D Power factor When only lieht bulbs are used I

When tube and other are used 0.8
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Table 5: Formulae List: assume if data foun
Design of Trashrack and head loss

s=L
kl

( r + a\ o 1

r 

- 

r---l-
\ a )vn sma

4

h, = o"f r)t I' ,in d
\a ) 2g

2v
h. = k' 29

K1-coefficient related to the partial clogging of the screen

o For no automatic raker = 0.20 to 0.30
o For automatic raker with hourly operation : 0.4 to

0.6
For automatic raker with differential pressure sensor: 0.8

to 0.85

Discharge though orifice, weir and bottom intake

Q=AC NWL _ TWL

)-
Q = +cpbl J4h

3

c = o.af"or+ O

)
h = th, x

3
Energy calculation for a reservoir
E=l/(3.6x106) * g * p*.v*h, [kwh]

p
'max/mln -

ZL
B [,*

6e

B

Ittt Bx=!7,e=*-,

Fsliding _cB +lV.tanQ

\a stability Analysis

Q= Av

y =l P2t35tlz
n

A=By+zy2

P=B+2y'11+22

n=4
P

f,:l.76dtt2

P:4.75Q1/2,

vpil = .33(s -r)gd

v pernissible = oJi
a=36;d >lmm

a=14;0.1<d<lmm
a=51;d <O.Imm

L = f (
I

H v

W - U*

f so,/bty factor = l.2tol.5
U* = gR^S 

E

( g )r/2
l;rn=t )

C
e

)'
(u

/
o - = 0.625 I' ( 380 .78

Setting of turbine H , =

fo, Francis Turbine

a H,)-o,H,

Hydraulic machine design
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