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Tick only the best answers

2

what is the result of the product of diversity factor and maximum demand?
[ ] Average demand [ ] Sum of consumers maximum demand
[ ] Installed capacity [ ] Generated power

The yearly load duration curve of a power plant is a straight line. The maximum load is g50 MW
and the minimum load is 650 MW. The capacity of the plant is 950 MW. What is the capaciry
factor and the utilization factor?
[ ]0.8e,0.78 [ ]0.83,0.65
[]0.78,0.89 [ ]0.6s,0.83

The flow-duration curve is a graphical representation of
[ ] Cumulative discharge and time [ ] Discharge and percentage probability of flow

being equaled or exceeded
[ ] Cumulative discharge, volume and time in

chronological order [ ] Discharge and time in chronological order

A

J

4. By examining the sketch, name all the components of Headworks in the blanks
tll Diversion Tunnel [2] Gate control room

til Intake with gate pit [+j Low_level outtet (spillway)
t5l Rockfill Dam [O] Overnow spillway

tl

'+i
\.rtt

I

I

I

1

},

I .j' \,/
4.:

'-1

--l
1
1
-l

7
-j
J
+.f'\

1
I

{
-l
f
J

d

I+

rj

I
I

t
t

5 The maximum spacing of support piers to avoid overstressing the pipe is
[]sm [ ]6m [ ]7m [ ]8m
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6 Place the components number on the picture appropriately.
tll Traditionalwater wheel (vertical) [2] Chute delivering the water to the wheel
[:t Grain Basket (Hooper) [a] Bird (vibrator) to keep rhe grain moving
t5l The hole for grain to pass through the [6] Upper and lower grinder mide of stonegrinder (rotor)
Ul Rynd (Forged metal piece to connect the [g] Lower grinding stone (srator)

upper grinding stone with the shaft
t9l Shaft (Metal) [10] Splash protector
ll ll Hub (wood or metal) thick shaft [12] pinion (metaltakkar)
tl3l The metalbase (Chakati) [14] Lever, the lifting device to adjust the

gap between the grinding stones
[15] Wedge for ad.justing the gap [16] Floor
l17l Tailrace [18] Canat

7 In the selection of a turbine or a pump (in general a hydraulic machine), a concept of specific speed has
been introduced. This concept allowed engineers to test the performance of a large hydraulic machine in a
small model in the laboratory. What is the physicalmeaning of the specifi" rp".d if ihe discharge is taken
as the basis for it?

] It is the speed of a hydraulic machine that produces a unit power under a unit net head.
] It is the speed of a hydraulic machine that operates under a unit net head with a unit discharge.
] It is the speed of a fictive hydraulic machine that produces a unit power under a unit net head.
] It is the speed of a fictive hydraulic machine that operates under a unit net head with a unit discharge.

In which of the following Acts of Government of Nepal, it is expedient to have the water supply
precedes the hydropower development?
[ ] Water Resources Act 1992 [ ] Foreign investment and technology transfer Act
[ ] Electricity Act [ ] Environmenral protection Act
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FEB 2 5 2019
There are several direct and indirect methods to obtain the velocity of the flow in a river. Which
of the following formula is used to calculate the discharge passedihe given river cross-section if
the slope-area method and staff are used respectively. Given that thi wetted area (A), wetted
perimeter (P) of the cross-section of the river, the energy slope of the river profile (S.) and rise of
water head (H) above the surface of could be measured and the Strickler coefficient and
coefficient of discharge water could be guessed based on the literature review of the given river
morphology.

t ] a: AKR2/3S.|'2;Q^:CA(2gH)t/2 .,^ t la: AnR3/2 S.'/';e:A(2gH)r,,
t I a: An-rKR2/'j S. "'; Q:CA(2gH)t'' t I a: An-rKR2r S.,/); q:,{1ZgH;,/,

Based on the Froude number (F) of the supercritical flow, Steady Jump falls on :

[]2.5<F<:4.5 [11.7<F<2.s [ ]4.5<F<:g []l<F<1.7

Which one of the following structures is not included in the planning of a reservoir-type
hydroelectric project?
[]lntake [ ]Embankment []Sedimentationtank [ ]Spillway

one of the major objectives of the hydropower development policy 2001 is:

! ] To minimize the potential risks in the Hydropower projects
[ ] Basin-wide planning

[ ] To tie-up electricity with a renewable source
[ ] To tie-up electricity with economic activities and rural development
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Social Needs
Engineering Obj ectives

Social Objectives
Final Design
Operation and
Maintenance
Political Representation
Engineering Design

ich of the following is not the component of electricity tariff
Transportation charges, related to management
Connection and metering charge
Management, Operation and maintenance charges
Capacity (kW) charge, related to system peak demand

Tick the incorrect statement
[ ] Both EIA and IEE are approved by the concerned body

! I EIA is compulsory if hydropower having installed capacity of 30 MW is within the national park
[ ] IEE is approved by the concerned ministry and EIA ii senito the Ministry of Forestry and Environment

by concerned body
[ ] Monitoring is done after 2 years of implementation of the project

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
l

Basic Data and its Analysis
Technical, Social and Economic
Review
Alternative Plans
Construction Management
Selection of Plan

Planning
Technical, Social and Economic Revie

t
t

Inareservoirtypeofaprojectof installedcapacity of 250MWwiththedamheight:lg0m.and
overall efficiency is 87oh, and a reservoir volume of 3500 million cubic meters fir its regulation
period. Find the time taken for its regulation period if the regulated flow discharge is used for
power generation.

[ ]T=248.93days [ ]T=280.34days [ ]T=148.93days [ ]T=116.08days

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

due consideration
[ ] only intangible aspects must be considered [ ] only dollar evaluation may be adequate

Theselection of particle size to be removed based on low head schemes, the consideration is :[ ] dri*i,:0.2 mm -0.3 mm [ ] dri*i,:0.3 mm -0.5 mm
[ ] dri,n : 0.1 mm -0.2 mm I j d,.,,, : 0.3 mm -0.4 mm
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Looking at the sequence of the longitudinal profile of a river, the river may be zoned as an upper
course, middle course, Iower course, and estuary. Show qualitatively, where will be the
equilibrium state of sediment transport occur?
[ ] In between middle course and lower course [ ] In between lower course and estuary[ ] In between upper course and middle course I I In the middle course

What type of power plant scheme is this Sketch (name in blank box)? put the number of the
components in the circles below.
1... .. . ... I tl I River course
l2l Retaining Weir t3l Side intake
t1l Desanding basin t5l Headrace channel
[6] Peaking pond t7j Forebay
t8l Powerhouse t9j Tailrace channel
[10] Bridge tl tl Flushing channel
tl2l Upstream embankment t13l penstock
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I,, a to sin :r
K1-coefficient related to the partial clogging of the screen

a

a

a

For no automatic raker: 0.20 to 0.30
For automatic raker with hourly operation : 0.4 to 0.6
For automatic raker with differential pressure sensor =
0.8 to 0.85

d

hr: k stn rE
)a

Where; h;- loss of head through racks, m
t- the thickness of rack 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

k:2.42 k:1.83

,l
h+ =E

)3

vn-norrnal velocity through the orifice

t= I,* L
Shape

E,
Cone angle t

tq
Bell mouth 0.03 to 0.05 300 0.002
Sliehtlv rounded 0.12 to 0.25 450 0.04
Sharp comered 0.5 600 0.07

z-
Qe : ^ 

cPblrj2gl,
5

c-correction factor for submerged over-fall
a -_

c = 0,6;f os" f;
u

Where a-internal width betrveen bars
d-center to center distance between bars

h = =xh-J-

1.00 140 0.899
20 0.980 0.865
40 0.96t lgo 851

60 0.944 0.837
0.927 220 0.825

100 0.91 0 0.81 2

0.894 260 0.800

u lurt = ^,lo33! -t1gd

Y perntir"ible = qJi
a=36;d>lmm
a=44:0.1<d<lmm
a=51;d <0.lmm

submerpence head S =1.5t-29
vortex free criteria

s-
->U.5
vJd

. ho-b*h-runt - to- e, [hour]

Where h- duration of peak plant operation
bp-cost of power for peak plant
b6-cost of power for the base plant
cp-cost of energy for peak plant
Cs-cost of energy for the base plant

Stored Energy in a reservoir
Es,=l/(3.6* I 06)*g*p**V*h, IkWh]
Where, h, is head over tailrace up to the center of gravity of the
reservoir

2

submerpence head S =1.5L- )o

vortex free crileria

s_
vJd

)-
Qspittway = i'o Jrr .b.H3t2

Area below 3000 m is used for the estimation of flood of various
return periods

Q:d"ly = 0.8154 x ( A below 3000 m +1) 0ss27

Qz in,t = 1,.8757 x (A below 3000 m+1)0 
8783

Qroo a"iry =4.144 x ( A below 3000 m +110 
aua

Qroo inst = 14'630 x (A below 3000 m+1 )0 
7343

Flood peak discharge, Qe, for any other return periods can be

calculated using:

on="('no'*to'nor)

Where:

o;nq6= I n (Q1e6/Q 2l / 2.326

Table: Standard normal variants S for floods for the chosen return
period

Q=C x (Area of

Return period

(T)(yrs)

Standard normal

variant (S)

2 0

5 0.842

10 7.282

20 3..645

50 2.054

100 2.326

monsoqqprecipitation)A3
x (Area below 5000m +l )M x (mean

UO



Stream Flow using salt dilution method

Q= M x k/A, where

. Q= flow in lit/sec
r M = mass of the dried salt in mg (i.e.10-6 kg).

r k = the salt constant in (pS)/(me/liter).
. A is the effective area under the graph of conductivity

versus time, after excluding the area due to base

conductivity. The units for the area under the graph is

sec x pS. The area is determined as follows:
Effective Area (A) = (Ep- nr x p6"."11n") * dt

MIP mean monthly calculations:

Corrected coefficient and mid-month discharges (Kc

p1",.6) for any Region:

Since the measured date of March 23 lies in between

March 15th and April 15th,

K rvl"."h = 1.38

K aprit = L.00

KC M"r"h = K M","h* (K np.ir -K

1y"."6)*(Date -15)/SO

Q M","h = Q.ur.u,ud *K 
M"r"h /KC u","n

Q nprit = Q tlarcrr /K v".ct

Other mid-monthly discharges are calculated similarly to the

discharge calculation for the month of May.

Q u"y = Q aprit 
*K 

tu"y

Fig 3 shows an example of interpolation of April l, l5 and 30 data

ln Qo.z = -3.5346 + 0.9398. ln (Area below 5000 m + 1) + 0.3739. In (Monsoon wetness index)
ln Qsv.= -3.4978 + 0.9814. ln (Area below 5000 m + 1) + A.26701n (Monsoon wetness index)
ln Qzov.= -5.4357 + 0.9824. ln (Area of basin) + 0.4408.|n (Monsoon wetness index)
ln Qoo* = -6.4846 + 1 .0004 ln (Area of basin) + 0.3016.1n (Monsoon wetness index)
ln Qao.r"= -4.8508 + 1.0375. ln (Area of basin) + 0.3016.|n (Area below 5000 m + 1)
ln Qssv. = -5.4716 + 1 ,0776. ln (Area below 5000 m + 1)

Qroo"r"= -0.09892 + 0.08149. (Area below 5000 m + 1)

l
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Figure 2: MIP Regions

Table 3 MIP regional monthly coefficients

Table 4 Coefficients for Mean Monthly Flow in the WECS Method

Regions Regions
I 2 J 4 5 6 7 I 2 3 4 ) 6 7

2,4 2.24 2.7 t 2.59 2.42 2.03 3.30 14.5 t 8.l8 13.54 6.89 fi.21 24.32 14.00
1.8 1.7 1.88 1.88 1.82 1.62 2.20 2s.0 27.27 2s.0 27.2',7 13.94 33.78 3s.00
1.3 r.33 r.38 1.38 1.36 1.27 t.40 16.5 20.91 20.83 20.91 l0 27.03 24.00
1.0 1.00 1.00 1.00 1.00 1.00 1.00 8.00 9.09 10.42 6.89 6.52 6.08 12.00
2.6 t.2t t.88 2.19 0.91 2.57 3.50 4.t 3.94 5.00 s.00 4.55 3.3 8 7.50
6.0 7.27 3.13 3.75 2.73 6.08 6.00 3.t 3.03 3.7 5 3.44 3.33 2.57 5.00

Coefficient Coefficient
C AI A2 A3 a C AI M A3 O
0.01423 0 0.9777 0 0.02t23 0 t.0093 0.2523
0 01219 0 0.9766 0 0.02548 0 0.9963 0.2620
0,009988 0 0.9948 0 0.0r677 0 0.9894 0.2878
0.007974 0 1.0435 0 0.009724 0 0.9880 0 2508
0 008434 0 1.0898 0 0.00t 760 0.9605 0 0.3910
0.006943 0.9968 0 0.26t0 0.001485 0.9536 0 0.3607

i

e.

:

i



Q corr for nid rnonth = Q neasured * Average Coeff/Actual Coeff

1.44

i-rg{arv
_ -1 "

Fig 3: Example of interpolation of April l, l5 and 30 data
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SECTION "B"
(Short answer questions)

[4 marks]

Attempt ONLY TWO. The question no. 1 is compulsory.

L Describing your candid opinion on MOEWRI's White Paper in general, give short-term, medium-

term and long-term measures for transforming the slogans Every House: Energy House through

solar PV as well as other renewable energy technology an6 ffi qrft : tr{dr+l ilnfr - drr
ffi : kIa-+i t{crft through q-dk{d 3Tr+fir (400-600 words) t8l

2 Explain with the sketch of a Bath-tub curve, the necessity to rehabilitate and modernize an

existing hydropower plant? List out the hydropower plants built in Nepal before 1980 that need to
be rehabilitated and modernized t4+2=61

With a scheme or chart, give the basic approach for a systematic appraisal of Hydropower Project.
What is an EOI in the hydropower development process and describe in brief the documents that
must be submitted in the prescribed 3 types of forms? [3+3=61

Write an essay on any one of the following topic in which you were involved in the Seminar II
preparation (200-300 words): t6l

o Upper Tamakoshi Hydropower Project in Nepal (456 MW)
o Tarbela Hydropower Project in Pakistan (6,298 MW)
o Sardar Sarovar Hydropower Project in lndia (1450 MW)

o Upper Karnali Hydropower Project (900MW)

o Pancheshwor Multipurpose Hydropower Project (3240 MW)

o Three Gorges Hydropower Project in China (21000 MW)

o Budhigandaki Hydropower 1200 MW
o Arun lll HEP (900 MW)

o Karnali-Chisapani HEP (10800 MW)

SECTION "C"
(Long answer questions)

[26 marks]

Attempt ONLY TWO. The question no. 5 is compulsory. Assume logically necessary data appropriately if missing.

Water is delivered from the upper impounding reservoir through a low-pressure tunnel and high-
pressure penstocks to the three turbine-generator units using a trifurcation in a high-head
hydropower plant. The tunnel and penstock are separated by a simple surge chamber of l0 m
diameter to cope with the transient in waterways. Due to ecological reason, only 60 o/o of the
maximum reservoir storage of 30+106 m3 can be utilized continuously for 4 hours during the
peak-demand time period. The volume of the lower reservoir, which is an artificial lake, is only
0.8* 106 m3 to store incoming discharge from its rivers. The following data for the so-called pump-
stored hydropower plant are available: t16l

3

4

5

Given Svmbol Value Unit
Elevation of the Imoounding Reservoir water level HWL l 600 m amsl

Elevation ofthe downstream reservoir water level I 000 m amsl

The total volume of Impounding Reservoir (lR) Vrr 25*l0n m.,

Period of daily peaking Trv 4 hrs

Length of low-pressure tunnel Lr 0.6 km
The diameter of the low-pressure tunnel Dr J m

Friction factor of the Iow-pressure tunnel fr 0.025

Number of High-pressure Penstock n I Nos.



Lp 100 m
The diameter of Dp t.5 m
Friction factor material Fp 0.016

Tlru 95
The Generator I 50 Icru 98 oA

pressurB BP 10.3 mof
WC

Thoma's Cavitation orx 0.043*
(nJl00)'?

T able 2: Calculation table this table and attached to answer

A multipurpose reservoir type hydropower project uses a given river with mean annual river
discharge (Qn*.un) for irrigation (Qr,), water-slrpply (Qws) and power production (epp). To
maintain the ecological regime of the river downstream, an environmental flow (Qu,,) shall be
released which equals 5Yo of QR*"un as well as a spillway that discharges a flow through a fish
ladder, (Q.is,), which is 10% of QR*".n is also envisaged. Out of total electricity generated,lsyo
willbeusedforpumpingwaterforirrigation and25o/oforwatersupplythroughthesamecanal.
The canal is located at a head of H6un m from the reservoir water level. The rest of the electricity
will feed the grid (Pc.ia). Take total efficiency of hydropowsr : er, efficiency of pump = [pu*p.
The tailrace water level power plant is located at the toe of Hpu,, m high dam. All losses shall be
ignored. t10l
Solving the equation, determine:

o a unified equation for capacities and discharges if Hpu. : half of H6on and q1 : Three-fourth of rlpu*,.
o the discharges for irrigation (Q1,.) and water supply (Qws) that shall be pumped.
o the installed capacity (P1n,,) of the power plant.
o the installed capacity of irrigation pump (Ppu,r, 1,,) and water supply pump (pp,*p, ws).
o Provide a neat sketch ofthe components ofthe multi-purpose power project.

Describe WECS (HYDEST) and MIP Methods and compare differences between these two
methods. Use these two methods to determine the hydrological parameters (hydrographs and
flow-duration curves) for a small hydropower plant and prepare a comparative graph if the
following data are available: t10l

6.

7

a) Hydrological region: 4 (see Table 3 for data)
b) Basin Area: 340 km2
c) The area below 5000 mamsl: 200 km2
d) The area below 3000 mamsl: 100 km2
e) The month of Gauging: March 23 (see fig 3 for interpolation)
0 Flow measured using the wading method: 2.0 m3/s
g) Other required data and formula are given in the formula sheet in annex

Determine:
a) Monsoon Wetness Index (MWI)
b) Estimate the daily and instantaneous floods ofvarious retum periods

c) Determine the average monthly flow using MIP and WECS Methods
d) Determine the flow duration using the WECS Method
e) Plot the hydrographs and flow duration curves using both MIP and WECS Methods and

analyze the difference between them.

tll
l2l
l2l
t2l

Determine: Marks

6 hrs

all
the P MWDetermine the

Draw a neat 2

0.5
ns

Give the fundamental difference between these two

(c) Estimate specific speeds and type ofturbine.
nq

rpm 0.5

Determine the safe
reservoir water level.

level relative to the( H, m amsl 0.5

centerline of runner turbine(e) Determine the Hr m amsl 0.5

Estimate:

Znrar llsThe maximum upsurge and down surge in the surge chamber for a
sudden rejection ofone unit; and Znrar. DS

m amsl 0.5 +
0.5

Znrar. oS m amsldown surge for sudden acceptance ofdemand on one
unit. And the time of oscillation

a The maximum

T s

0.5+0 5

P MWpower and energy from the
with 60% ofLoad Factor

throughout a year
of

(g) Determine

E MWh
0.5+0.5

(h) Determine the extra volume of the lower reservoir that is needed
the water during turbine mode. Give your final remarks on what needs to
be done ifthe reservoir volume is not enough.

to store Ver-n m' 0.5+0.5

t3l

Turbine efficiency

setting.
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As per the MGSP guidelines, at least one set of discharge measurement at the proposed intake site
should be carried out between November and May. The discharge calculation spreadsheet
presented in the Design Aids can handle up to four sets of data and the individual, as well as the
average discharges, are presented as outputs for 3 sets. The input parameters required for
discharge measurement calculation are presented in Table 3. The first set of field readings are
presented in Table 4. Table 5 gives the other inputs for calculation. By completing the highlighted
column in Table 4, determine the Number of readings (nr) Baseline conductivity (Fruur"ri,.) Sum of
readings (Xp) for the Set I and calculate the time intervals (dt), effective area (A) and discharges
(Q) for all three sets and give the average discharge in Table 5. Plot the output curves. The marks
are uniformly distributed. t10l

Table 3: Input for Salt Dilution Method

SN Input In put Unit

I Project Upper Jogmai, Ilam

2 Conductivity Meter HANNA Instruments HI 933000

3 Date I 2-Dec- l0

4 Type ofSalt Aayoo Nun

5 Conductivity Constant (k) 1.8 at l5oC t-l
Water temp 150

7 Time Intervals (dt) 5 sec

8 Weights of salt for sets I to 3 (g) 400, 1580 and1795 tel

9 Readings (F & !rrur"rin") for sets 1 to 3 Presented in Table 4 for Set I and for Set 2 and 3 in Table 5

Table 4: Input for Salt Dilution Method for Set I
Time(sec)

5 l0 15 20 ,< 30 35 40 45 50 55 60 Sum

Water

Conductivity in

pS

25 26 28 29 3l 32 32 JJ 34 34

34 35 35 35 35 34 34 33 JJ JJ 32

32 32 32 3t 3l 3r 3l 3l 3l 30 30

30 29 29 29 29 29 29 28 28 28 28 28

28 28 27 27 27 27 26 26 26

26 26 26 26 26 26 26 25 25 25

Total

Total nr of readings

Table 5: Summary of flow measurements

Particulars Set 2 Set 3

Number of readings (nr) 9l
Baseline conductivity( Fba,erine) 24 24

Sum ofreadings (Ip) 3433 3997

Time Intervals (dt) in sec

Salt constant in (k) in pS/(mg/liter).

Determine Effective Area (A) in m2

Determine Discharge (Q) in l/s

Average Discharge

A

t'

6

27 30

34

30

27 26 26

Set I
106




