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a) The monthly flows of a stream over the period of the driest year on record are as

(i) Estimate the maximaum possible uniform draw-off from this stream and determine
the reservoir capacity to achieve the wniform draw-off and the minimum initial
storage to maintain the demand.

. (i) If the reservoir has only a total capacxt y of 8x10°m’® with an initial storage of
4%10%m®, determine (a} the maximum possible uniform draw-off and (b) the
spillage.

b) Describe various types of hydroeleciric scheme based on hydraulic characteristics.

ay Determine the principal stresses at the toe and heel of the dam shown in figure for the
eservoir full conditions. Consxder the following forces:

(1) Self weight (We=25KN/m’)

(ii) Water pressure (w=10kN/m”)

(111)Uplift pressure

(iv)Silt pressure the depth of silt as 20m

(v) Earthquake forces, ax=0.1
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b) Determine the maximum and minimum vertical stresses to which the foundation of
the dam will be subjected from the following ciat ' :
Total overturning moment about toe(EMy)=1.2x1 OG KN-m
Total resisting moment about toe (EMg) = 2.5x10° kKN-m
Total vertical force above the base (ZV ) = 6 104 kN
Base width of dam = 55m. «
Slope of d/s face = 0.8:1
Also calculate the maximum prxnc;pal stress at the toe, Neglect tail water depth. ~ [2+242]

a) What are the main parts of non-pressurized and pressutized ROR intake? Present the
general arrangement of such intakes in a neat proportionate sketches., o {2+6]

b) Find out the dimension of a setting basin with turbulence flow for a high hydropower
plant, which utilizes a discharges of 60 m®/sec. The sediment particles coarser than
0.2mm (fall velocity w=1.5 cm/sec) have to be trapped in the basin. Draw plan and
section showing major components snd. flushing arrangement, neat and ‘
proportionately. _ [4+4}

Ina pumped storage hydropower project, water is dehvet ed from the uppur 1mncundmg,
reservoir through a low-pressure tunnel and four high-pressure penstocks to the four
pump-turbine units. The elevation of the impounding reservoir water level is 500m, and

the elevation of the downstream reservoir water level is 200m. The maximum reservoir -
storage which can be utilized continuously for a period of 48h is 15x10%m?, [6+343+2427

The low pressure tunnel is cmxstructed as f Hows: length = 4km; diameter=8m; friction
factor, =0.028. , -

The high pressure penstocks (4 nos) are constructed as fallows
length of each penstock = 500m;

diameter = 2my,

friction factor, f= 0.016; :

turbine efficiency when generating = 90%;

generafor efficiency (16 poles, 50Hz) = 90%;

turbine efficiency when pumping = 80%;

barometric pressure = 10.3m of water;

Thoma's cavitation coefficient, o= 0.043 (N,/1 00’}2.

a) Determine the maximum power output from the installation

b) Estimate the specific speed and specify the type of turbine

¢). Determine the safe twrbine setting relative to the downstream reservoir water level.

d) If a simple surge chamber 6m in diameter is provided at the end of the lew—;;ressurc
tunnel, estimate:
(i} the maximum upsurge and downsurge in the surge chamber for sudden rejection

of one unit and : ‘

(ii) the maximum downsurge for a sudden demand of one unit.

.. a) Write down advantages and suitabiiity of chute fype spillway, shaft spillway, ogee
type spillway and roller gate. [242+2+2]

b) Why is vertical shaft arrangement preferred while Iaymg turbme and gensrator ina
powerhouse? Explain briefly. s 4]

State the objectives of the cuirent Hydropower Development Policy of Nepal. Discuss
the necessary amendment required to improve the existing  scenario of the
. Hydropower Development Seetor, [2+2]
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1. a) During a low water week a river has an average daily flow of 40 m’/s with a
fluctuation during the day required a pondage capacity of approximately 30% of the
daily discharge. A hydroelectric plant is to be located on the river which will operate
6 days a week, 24 hours a day, but will supply power at a varying rate such that the
daily load factor is 50%, corresponding to which the pondage required is equal to
0.2 times the mean flow to the turbine. On Saturday all the flow is ponded for use on
the rest of the days. If the effective head on the turbines when the pond is full is to be
%5 m and the maximum allowable of fluctuation in pond level is 1m, find

)] the surface area of the pond to satisfy all the operating conditions
(ii) the weekly output at the switch board in kwh. Assume turbine efficiency 80% and
© . generator efficiency 90%

b) EXp_fain the working principle of RoR, PRoR and ST plants with the help of figures.
~ Also comment on the suitability of those plants in the context of Nepal.

2. a) An carthen dam of homogeneous materials with a drain pipe is shown in figure.
Determine the co-ordinate of phreatic line and specific discharge passing through the
body of dam. coefficient of permeability = 15 x 10 mis. '

o §26:50m

b) Explain the necessity of grouting and drainage galleries in concrete gravity dam.

‘Draw an elevation view of a concrete gravity dam showing the alignment of drainage
galleries and series of grout holes.

Drawing a section of concrete gravity dam show arrangement of vertical formed

[5+5]

(6]

61

drain, trap drain and drainage hole. . [2+4-+4]

3. a) Design a settling basin for a high head project in a river which utilizes 60 m’/s
- discharge and gross head of 300 m. The sediment particles larger than 0.15 mm (fall



velocity = 1.5 cm/s) need to be trap in the basin. Consider effect of turbulence as well.
Also draw plan and section of the basin showing major components. .' [8+4]

b) Explain various remedial measures that help to control the deposition of sediments in
RoR project. : [4]
4. a) A penstock carries'8 m°fs of water at head of 25m. The cost of pipe line in place is
given by US$250hd? per meter length, where h = head and d = diameter of the pipe.
Annual fixed charges are 8% of the pipe line cost. The estimated head loss in friction
, _
. 0.025(3
12.1d '

of the power is US$500 per kW per annum, Calculate the most economic diameter of
the penstock. {81

per m length of the pipe. Efficiency of the turbine is 80% and selling price

, | b) It is proposed to form a hydraulic jump in a stilling basin to dissipate the energy
E below spillway. Depth of flow changes from 1.5m to 4m. Calculate the discharge over

; ~ the spillway if the length of the crest is 120m. : {3]
I ¢) Mention the four different types of spillway and describe each of them in short. Also
x write down the functions of the spillway. ' [4+1]

5. a) What are the opportunities and challenges for Hydropower development in Nepal?
" Write your comments on the Hydropower Development Policy ~ 2001 of Nepal. [4+2]

b) A Francis turbine works under a head of 25m and produces 11760 kW while running
- at 120 rpm. The turbine has been installed at a station where atmospheric pressure is
* 10 m of water and vapour pressure is 0.20 m of water. Calculate the maximum height
of the straight draft tube for the turbine. [61

¢) Draw a section of vertical axis Francis turbine in a powerhouse showing different
parts of powerhouse. . . [4]
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What are the major provisions in hydropower development poliey in 2001? List out the -
major institutions involved in hydropower development sector. [3+3]
What is a daily peaking power plant? With a neat sketch show the general arrangement of
such plant daily peaking power plant.

Find the specific discharge through homogeneous earthen embankment dam with 2 m
thick central impervious core, ‘ {71

[3+3]

Height of the dam = 50m

Upstream water level = 48.00m

Dowi eIV 30

Width of the dam at the top = 10.00m

S and downstréam slope of the dam =135
Coefficient of permeability. of thie 'sbi-l =3 om/hr

- Coefficient of permeability. of impervious core = 1.0x1 08 m/s

ERsvate

it iy

) Examine the stability of the gravity dam shown in figure below considering seismic
effects. Also indicate the values of various kirds of stresses that are developed at heel
and toe. Uplift may taken same as hydrostatic pressure at base of corresponding faces
and is considered to act over 60% of the base area. Seismic coefficients (o) are 0.1
and 0.05 for horizontal and vertical directions respectively. Take, v, = 24 KN/m? and

Yo =10 KN/m’. . ' [10]
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69 m

b) Derive an equation for determining the length of discharge face for an earthen dam
without filter. The downstream slope lies between 30° and 60°. {6}
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. a) Describe design principle of a settling basin of a hydropower plant based on particle

size and concentration approach. {71

b). Design a hydraulic jump stilling basin for the flood discharge 25 m’*/s/m flowing
from an overfall spillway with the spillway crest 60 m above the downstream gravel
river bed with a slope 0.001 and manning's roughness coefficient 0.028. Assume,
Ce=0.75,0=1.2, k=4.5 and sp.gr = 2.65. [10]

. How does a siphon spillway function ?What are the ways in which a siphon spillway can

be primed? What are the limitations of siphon spillway? : [2+2+2]

. a) Describe geometrical shapes of tunnel with neat sketches and write down the -

suitability of those shapes for various rock conditions. - 4]

b) Differentiate between forebay and surge tank. Design a forebay which accumulated
~ water for 3 minutes for operation of a hydropower plant having data as given below.
Also check the length of fore bay and limiting velocity. [2+6]

Design discharge = 20 m*/s
Number of penstock = 1
Diameter of penstock =2.2 m
Limiting velocity = 0.2 m/s

. A hydropower plant having net head of 150 m and design discharge of 25 m3/s is going to
* ‘use Franci's turbine. Take efficiency = 81%. Find the specific speed, turbine diameter and

“elevation of turbine with Tespect to the water surface in tailrace. [6]

9 Sketch a typxc:al type of layout of powerhouse project and briefly explam of each. [4]

%%k
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* What are the opportunities and challenges for Hydropower development in Nepal? Write
') your comments on the Hydropower Development Policy-2001 of Nepal. [4+2]

2. Sketch and explain layouts of the run of river plant. Also explain the importance of
storage hydropower plants over run of river plant. [3+3]

3. a) A RoR-plant has a minimum flow of 30 m®/s and net head of 70 m. The overall
 efficiency of plant is 85%. Calculate the installed capacity of the plant (i) Without
pondage (designed for pure RoR plant) and (ii) If the plant is designed for a peaking

~ plant with 6 hours peaking. The plant has two set of unit such that one unit full

" capacity if operating during off peak hour. Total evaporation and other losses is:5% of

—
.

the stored water. , [6]

b) Monthly flow volumes feeding a reservoir are given in the table. Determine the
storage capacity required to supply the mean annual flow. 4]

Month - il 2 3 4 5 6 7 8 9 10 {11 {12

Volums (10°m) | 296 | 386 | 504 | 714 [810 [ 1154746 | 1158|348 |150 223 | 182
4. a) Write about the "Middle third rule" in the design of concrete gravity dam? Describe

with necessary derivation. [6]
“ 'b) A concrete gravity dam of given profile is purposed by a designer for implementation.
e The unit shear resistance and angle of resistance is 500 KN/m? and 35° respectively.
Yoon = 24 KN/ m®, check the stability of dam against flotation, overturning and

sliding. . : (8]

40 m




s a) Design a settling basin for a high head project in a river. which utilizes 60 m’/s
discharge and gross head of 300 m. The sediment particle larger than 0.15 mm (fall
velocity = 1.5 cm/s) need to be trap in the basin. Consider effect of turbulence as well.  [7]

b) Design a hydraulic jump stilling basin for the flood discharge 28 m’fs/m flowing from
an ogee spillway with the spillway crest 55 m above the downstream gravel river bed
with a slope 1:1000 and Manning's roughness coefficient 0.028. Assume coefficients
of discharge, depth and length are 0.75, 1.2 and 4.5 respectively. Alse assume sp.gr of

sediment as 2.65. v : [10}
6. Describe with governing equations the procedure to obtain the specific discharge through
the body of earthen dam with horizontal drain. {6l

7. a) it;Eil’ld out the dimension of a forebay which accommodates a storage %or 3 minutes of
operation for a hydropower plant having following data: [31

Design discharge = 20 m*/s
Length of penstock = 300 m
Diameter of penstock =2.20 m

b) Discuss the various factors which govern the determination of economic diameter of a
penstock. Find the wall thickness of penstock pipe if the intemmal diameter is 3.0 m
. which supplies water from a head of 220 m with a possibility of increase in pressure
. upte’40% due to transit- condition. Take o, =1400kg/ cm” efficiency of
© joint=0.95. / ' [2+3]
8. Determine the diameter of Francis turbine for a site where the net tead is 110 m and
discharge 140 m’/sec having efficiency of 90%. Determine also the elevation of turbine
with reference to the water surface in tailrace. Assume the turbine will have to drive a 50
cycle generator. ‘ : {8]

9. Ex}ilain the different types of power‘ house use in hydropower project. | [5]

ek k
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What are the objecﬁves of the Hydropower Development Policy, 20587 List out various
hydropower development institutions in Nepal. [4+2]

foury
.

2. a) Draw a general layout (plan and section) of the diversion type hydropower project.
Comment on the suitability of the Run of River (RoR), Peaking Run off River (PRoR)
and Storage projects in Nepal. ' [3+3]

b) Briefly describe the hydropower development cycle. 2]

3. The hydrograph of a typical river of Nepal follows the equation as:

Q _ 55802 —51.275t+139.94 ; where Q is mean monthly discharge in m’/s and ‘t’ is

* time in months counted as October as the 15 month and so on. A hydropower plant has to -

* develop in this river with net head of 150m and overall efficiency as 85% and the

- environmental flow is not considered. : ' [3+3+4]

') Calculate the installed capacity and firm energy for RoR Project that will be
" developed for design discharge as Q4. , -

If the project has to design as a Peaking Run of the river (PRoR) Project for 6 hrs

daily peaking (3hrs in morning and 3hrs in evening) and with design discharge as Qao.
Sy -~ ... What is the installed capacity of the PRoR Project? Assume that the project is
Ty o 4 designed such a way that 50% of available flow is used during the off peak hours and
N remaining 50% of available flow is stored for peak hour generation. Neglect all the
’ losses. =

4, a) A concrete gravity dam (trapezoidal in section) has height 20 m, top width 1.2 m and
bottom width 10 m is proposed to block the water of height 18 m. The ws face of the
dam is vertical and the d/s face has slope 1:2 (H:V). Considering the forces: self
weight, hydrostatic force and uplift pressure, check the stability of the dam. (Assume
unit weight of concrete = 24 KN/m’, permissible shear stress of joint as 1400 KN/m?,
coefficient of friction as 0.75, and uplift factor k as 0.8). Neglect the tail water effect

! to the dam. [8]
b) Discuss the construction procedure of phreatic line in embankment dam. (4]
[ c) Write about the cavitations in spillways and its preventive measures. | - 4]
‘ d) Explain the different types of gates use in hydropower head works. [4]
\ 5. a) Design a settling basin to remove the sediments of size greater than 0.3mm having a
. design discharge of 25 cumecs. The sediment has specific gravity of 2.65 and fall
velocity of 50 mm/sec. v (7
b) What are the general requirements of a functional RoR headworks? [51
‘ b . n:;: / 4 g . "/ '
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. a) What is tunnel support? What are the parameters for evaluation of tunnel support?

b) A power station is fed by a 2030m long concrete lined tunnel of 4.22m diameter and
380m long pressure shaft of 3.41m diameter operating under a gross head of 250m. 1t
has a surge tank of 15.85m diameter at end of tunnel. If the design discharge of the
plant is 60m>/s and friction factors in tunnel and pressure shaft are 0.014 and 0.012

[1+3]

respectively. Compute the maximur, minimum and normal water level at surge tank -

if the water level at reservoir is 457.00m. Draw neat sketches showing the calculated
values.

. In a hydropower project, it is planned to use a Francis turbine. The project has a head of

185m and discharge of 100 cumecs. Determine the size and the elevation of the turbine if
the overall efficiency is taken as 85%.

. Draw plan and sections of a powerhouse showing various components. Assume a Francis

Turbine is used in this powerhouse to generate the electricity of 10 MW.

-
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Discuss about the Hydropower Development Policy 2058 of Nepal.

What are the various stages of hydropower planning? If you have-been appointed as a
water resources engineer in Water Resources Ministry and you are assigned to undertake
various investigations related to water resources field. Discuss field investigations you

carry out at various stages of the Hydropower project.

The hydrograph of a typical river of Nepal follows the equation as:

Q, =5.589t> —51.275t+139.94 ; where Q; is mean monthly discharge in m’/s and “t’ is

time in months countéd as October as the 1% month and so on. A hydropower plant has to
develop in this river with net head of 150m and overall efficiency as 85% and the
[3+3+4]

a) Calculate the installed capacity and firm energy for RoR Project that will be

environmental flow 1s not considered.

developed for design discharge as Quo.

b) If the project has to design as a Peaking Run of the river (PRoR) Project for 6 hrs
daily peakmg (3hrs in morning and 3hrs in evening) and with design discharge as Q40
What is the installed capacity of the PRoR Project? Assume that the project is
deSIgned such a way that 50% of available flow is used during the off peak hours and
remaining 50% of available flow is stored for peak hour generanon Neglect all the

" losses.

a) Check the stability of the overflow section of the gravity dam shown in figure.
Assume the weight of concrete, gates, piers and weight of water over crest, Wig =
3.0x10%kN. Moment of weight of concrete, gates, piers and water above crest etc.
about toe Mye = 10° kKN-m. Neglect all forces other than weight, uplift pressure and
water pressure. Also check for tension. Take p = 0.75 and g = 1400 KN/m”.
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[6]

[2+6)

[10]



b)

b)

b)

Design a hydraulic jump stilling basin for the maximum discharge of 2’5m3$"m'1
flowing from an overall spillway, with the spillway crest 50m above the downstream
gravel river bed with a slope Sy.= 0.001 and n = 0.028. '

What are the purposes of spillway? What are the advantages of ogee shape spillway?
Explain. : ‘ :

With considering turbulent effect, design a settling basin to remove the sediment size
greater than 0.3 mm diameter. Assume design discharge of the basin is 8m®/s and trap
efficiency as 90%. S

Differentiate between pressurized and non-pressurized intakes.

A hydropower plant has planned to use a steel penstock pipe of length 600m having a
diameter of 0.8m to carry a discharge of 5m®s. The static head available is 80m. The
wave velocity, design stress and joint efficiency for the penstock pipe are 1200m/s,
1326kg/em? and 85% respectively, What thickness of the penstock pipe would you
recommend for the power plant if the gate closure time is 30 seconds? '

Discuss various shape of tunnel with their advantages.

A hydropower plant has design discharge of 60 m*/s and net head of 90m. Design
Francis turbine for this power plant (number of turbine, specific speed, diameter and
setting of turbine). Take turbine efficiency 94%. ‘

‘What are the functions of draft tube?

- Write about the structure and dimensioning of the power house?

Rk

[6]

[2+2]

(8]
[4]

[8]

(4]

(6]
2]

[2+2]
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1. Describe briefly the provision for licencing of HYdropower according to Hydropower

Development Policy Nepal, 2058. [6]
2. Lists out the minimum Checklist for Reconnaissance, prefeasibility and feastbility studies
for hydropower development. 17]

3. The power supplied by the state electricity authority throughout the year by steam power
: [5+5]

plant are as shown in table below.

. Month | #owar Supplfed {
‘Jestha - 550

 asar S00]
‘shrawait 450
‘bhadra o
‘aso} ‘ 330
Kartik 280
‘mangsir 250
‘potrsh 24
‘Magh 269
Aalgun 154
‘chaitra 145 -
‘hatsakh ' so0f - ¢

But the current demand forced them to have loadshedding. To minimize the loadshedding by
providing at least power equivalent to Magh month throughout the year, Authority has decided to
iraport power from neighbouring country for only 3 months i.e. Falgun, Chaitra and Baisakh as 50
MW, 55 MW and 100 MW respectively.

a) Despite importing power, authority felt that they can not provide uniform power of Magh
throughout. So they decide to have a diesel plant for deficit. Estimate the minimum capacity
of diesel plant. (Use load duration curve for analysis) _ :

b) If instead of above sysiem (Steam plant +import-+diesel plant), Authority has planned to
provide the power m pear future by constructing ROR hydropower plant by its own 1o
substitute the current model. Derive the Flow duration curve for such new hydro project to
supply the power demand given in table. Assume power demand is constant in future.

3



4. a) Check the stability ¢f dam against overturning, sliding and material failure (stresses)
with respect to worst location assuming that in addition to self weight, 25% of mass of
dam will act as horizontal component (from upstream side), whereas 15% as upward
vertical component as seismic load and will act at the CG of the section.

Assume Lmt weight of the concrete as 24 kN/m>, Assume unit weight of the cnm:rcte

as 24 kN/m®, allowabie compressive stress in foundation and concrete as 2,500 KN/m?

and 3,000 kN m?, angle of friction between concrete and fm.ndauon as 36° and unit -
shear resistance between foundation and dam as 700 KN/m?. [4+4+2]

6.0 150.0
analil

-100.0

SN Znm
STT T T 77 8

~ b) Write with neat sketch, expressions for computing seepage and phreatic surface in
Earthen dams for two cases; homogeneous and without drain and dam with toe drain.  [2+3]

¢) Draw a neat sketch of side.intake with all components. How do you calculate

;r,hydrauhc, loss at trash rack? - : - [3+2]
Soa) ‘*'What do you mean by sediment flushing in s*sttlmg basin? Briefly . explam the
different type of flushing system used inhydropower in Nepal. ‘ - [2+4]

b) With considering turbulent effect, design a settling basin to rerhove the sedlment size
greater than 0.3 mm diameter. Assume design discharge of the basin is 8 3fs and

trap efficiency as 90%. _ [6]
6. a) Derive an expressmn for ‘minimum upsurge  without damplng effect in the surge
chamber using continuity and momentum equations. [3+7]

Jn g storage ‘hydropower plant, water is delivered from upper 1mpoundmg reservoir through low
pressure headrace tunnel and three high pressure penstocks to three francis turbine units. The elevation
of reservoir and tailwater level are 320 m and 200 m above datum respectively. It is decided to design
a simple surge tank between headrace tunnel and penstocks for sudden rejecuon or demand of two
units. If the maximum and minimum water level elevation in the surge tank is limited to 330 m and
310 m above datum respectively due to topography and construction difficulty, determine the
minimum area of surge tank and peﬂmsmble length of low pressure headrace tunnel to fulfill the
design objective. .

Given data:

Discharge in tunnel: 100 m*/s

Head race tunnel: diameter-7 m and head loss in tunnel"‘ 10 % of gross head of system.

Penstocks: each length 500 m, diameter 2.5 m, £=0.016

b) Write procedure to compute the dimensions of the fofebay and write the equations
used for such purpose. _ 31

7. Drawing e”fﬁmenc'y curves, discuss the performance characteristics of Pelton and Francis
Turbines. What is the advantage of pelton turbine over Francis? Write down the principle
behind setting of Francis turbine relative to the tail water level. [2+2+2+2]

8. Draw plan and sections of a powerhouse showing varicus components. Assume a Francxs _

Trubine is used in this powerhouse to generate the electricity of 10 MW. | I

ok “
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Assume suitable data if necessary.

Discuss about the objectives and strategies of the Hydropower Development Policy-2001

(2058 BS) of Nepal. ‘ [6]
Highlight the major studies and investigations carried out during reconnaissance,
prefeasibility and feasibility studies. - [8]

A hydropower plant is to be planned in a Nepalese river, where the mean monthly flows

.. for a typical year are as follows:

4.

ﬁzimth [ Jan [ Feb | Mar | Apr | May [Jun_[Jul [Aug |Sep [Oct | Nov | Dec
?@(ml’/s)f\zt.ﬁs 30 134 142 156 |165 | 781 1089 | 528 [22.0 (9.9 |64

cher data pertaining to the plant are as follows:

o Design Discharge = 18m’/s

«. - Full Supply Level = 2250 masl’

s Turbine Center line = 1650 masl

& Dia of 4.0 km long tunnel = 3.0m, f=0.014
+  Diaof 1.0 km long penstock = 2.2m, f=0.012

« Hydraulic Efficiency, 95%; surbine efficiency, 93%; Generator Efficiency; Transformer
. efficiency, 99% : i “
Considering only. Frictional loss, _ '
.+ 4) : Comipute -installed capacity, primary and secondary energy 1o be produced from the power

plant assuming that 10% minimum flow to be released downstream. What is plant factor 7 [5+2]

b) The developer is interested to develop a daily peaking reservoir for 4 hours. What will be
- the capacity of the reservoir to satisfy daily peaking requirement? (3]

a) A concrete gravity dam shown in figure below was constructed for development of
hydropower project. The dam has a vertical upstream and inclined downstream face.
The highest regulated water level (HRWL) of the dam is fixed at 1 m below the top
crest level. At HRWL, the storage capacity of reservoir created by the dam is 60 mill
m’. The reservoir capacity curve of the dam is shown in figure below. In a flood-
situation the 80 m long dam creat can serve as a spillway to discharge the flood.
Assume density of concrete yc = 24 XN/m® and the friction angle between the dam
and foundation ¢ =43°. . S [3+5+3+5]
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a) Find all main forces acting on the dam when the water level in ‘the reservmr is at HRWL. Give your
answer in terms of base width "B".

b) Find the bottom width "B" and downstream inclined angle a, if dam is at state of moment
equilibrium with respect to downstream dam toe. Use a factor of safety against overturning as 1.4,

¢) Is the dam free from tensile stress? Find the reqmred unit shear resistance (cohesion) if the shear
safety factor of the dam is Fgp=2.5.

d) In a flood event the dam shown on figure, overtﬁppﬁd but, didn't £ail.. The. outflow dlscharge Qver the
"dam crest was estimated to 320 m3/s, During this time, the reservoir water level was raised to 722.5

g masl(m above sea level): Find the discharge coefficient and give your comments of the value. .

D‘LanIlC' a neat sketch of Hydropower Intake, ShGW major components. How do you
mlmrmze headloss inintake? = [3+1]

: Draw a neat skeich of ROR plant Headworks showing each component clearly in plan
‘and section. Describe briefly the general requirements -of such headworks for optimum
functions for sediment loaded rivers. : [6+6]
a). Discuss’ various tunnelling methods used in Hydropower projects. Why do you
prov1de tunnel supports? How are they realized? [4+2+2]
b) Explain with mathematical expression the optimization of penstock. [4]

& Francis turbine works under a head of 40 m and discharge Q=10m */s. The speed of the runner
|i5 300 rpm. At the inlet tip of the runner vane, the speed ratio is K,=0.85 and flow ratio K=03. If
the overall eiﬁclency and hydraulic efficiency of turbine are 80% and 90% respectwely Assume
dischiaige 3 the Gtitlet 15 tadial 4id velocity of flow is comistatit. : [242+142+1+4]

Determine:

and width of runner at inlet,

e-angle at inlet.

ific speed of turbine.

amheter of runner at outlet. :
Jimension suitably the powerhouse (length, breadth and hclght) with sketch, if three such turbines
were.used in a power plant, Assume suitably any.requirements for calculations.

sk
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1. Dlscuss about the advantages and dlsadvantages of hydropower pro;ects companng to
: other sources of energies. . . 6]

2. What are the different stages of hydropower development? Explain | the workmg pnnc1ple
' of peaking run off river plant and show. general arrangements of components with neat

sketches, , | B [2+3+3] T |

3. a).'What do you mean by sediment yleld and life of a reservoir? Explam vanous rcmed1a1
o neasures that help to reduce the reservoir sed1mentat10n. S 143}

- - b) ‘A hydropower plant receives design d1scharge of 25 m’/s from 150 m height. The
_-annual output of the plant is 220 GWh. If he péak load demand is 30 MW, determine
“{i) annual load factor (ii) Capacity factor and (iii) Utilization factor. Assume overall
"j‘fefﬁcwncy of the plant equals to 85% and neglect head loss in the penstock., ' [2+2+2] TN

ollowing Flgure shows the cross-section of an earthen dam having coefﬁcxent of
“‘permeability 1x10® m/s. Calculate the seepage discharge through the body of the dam
‘ w1th the help of phreatlc line. . . ' A [81

|
|
|

W o 5

b) Wnte the purpose of use of filteér material in earthen damn. Explain its design principle. - [4] -
¢) What are the factors to be considered in the dam site evaiuatmn‘7 Descnbe the v
different failure modes of a gravity dam? [4+4] '

5. a) 'Fmd the dxmensmns of a settling basm for a high head project of Himalayan River ~
which utilizes a discharge of 60 m 3/s and a gross head of 100m. The sediment size to
be removed is up to 0. 15 mm. Consider the turbulence effect also. Draw the plan and

section. : : [5+2]

. b) What are the reqmrements of good intake? Explain differeni types of intake used in
— hydropov ar projects in Nepal with neat sketches. [2+3]

e T L T
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6. a) Describe advantages and disadvantages of dlffercnt tunnel shapes based on geometry
with neat sketches. . : :

surge tank to power house has 3.5 m diameter and 1000 m length. Considering the
case of instantaneous. closure, find the maximum height of surge tank reqmred and
time period of oscillation of wave. Assume friction factor =0, 02.

of 150 m, discharge is 160 m*/s and efﬁc:ency of 85%.

~ b) Water is bemg supplied to a peIton wheel under a: heaci ‘of 300 m through a 100 mm
- diameter pipes. If the quantity of water supplied to the wheel is 1.50 m’/s, find the
“number of jets in the wheel. Assume coefficient of velocity is 0.96.

2_8_.“_;What are the different types of power houses used in hydropower" Explam thelr relative
o .:"su1tab1hty cons1denng the field conditions.
TExw -

b) Ina hydropower project, the headrace tunnel of 4 S5m d1ameter and 2,500 m- Iength
carries 25 m’/s discharges to the surge tank of 10 m diameter. The pefistock from

81

7. a) Determine the size and setting height of the Francis turbme for a su“e havmg net head‘_v

. [4]

- 4]

41
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Candidates are required to give their answers in their own words as far as practicable:

¢) What are minimum performance standards of the _sound headworks.

v
v Attempt All questions.
v The figures in the margin indicate El ull Marks.
v Assume suitable data if necessary.
1. Discuss the advantages and disadvantages of hydropower over other sources of energy.  [3+3]
2. Differentiate between pre-feasibility and feasibility studies ot}é hydropower project with ‘
explaining the site specific hydrological and topographical investigations. 81
3. a) A hydropowei project is planned to develop in a Nepalese River having net head of =
150 m, turbine efficiency of 90% and generafor efficiency of 95% with the monthly . -
hydrograph as shown below: : ' : [3+2+3]
Mbnths ‘Qc';- Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep
Q (m*/sec) | 100 80 |60 |50 |40 |30 40 |50 |70 |110 150 | 120
As an erivironmental flow, a minimum flow of 10% of each month is mandatory.:
"If the storage projéct is designed with full regulation of annual hydrograph
find out: the capacity of the reservoir; installed capacity of the power plant, and
- annual energy generation. ' : ' L -
4 "a) Design an elementary proﬁlé of a gravity dam made of stone masonry using foll-pwiﬁg
- data: S ‘ : [8]
RL ofbase of dam = 198 m .
HFL =228 m R
Sp. gravity of masonry =24
Safe compressive stress in masonry = 1200 KN/m?
tan ¢ =0.70 ~ o
Seepage coefficient = 1 _ o ' .
b) Show with neat sketch, various seepage control measures in embankment dam. [6]
) Discuss with sketch the arrangement and suitability of 3 different types of spillways
‘ used in a headworks. b o : - [2x3]
5. a) Differentiate between ,pressurized_‘grid ﬁon—pressuriz_ed intakes in RoR system.- [3]
o:Pesign the settfing basin from the paftic]ejéi’ze and concentration approéct; and -~ | 8]
calculate the trap efficiency from the following data. (Refer figure 3 &4)
Design discharge = 80 m*/s B Nurriber of basin = 2 -
" Installed capacity of the'plant = [TOMW " Water temperature = 12°C
Particle size to be removed = 0.2 mm ) Manni%_;g’s constant {n) = 0.01"
 Flushing discharge = 1 m’/s h (If flushing system is continuaus)
Assume other necessary data if needed. 1f the flushing system is changed to intermittent with
single basin what are the changes, describe with suitable reason.

3]



gt B £,

6. a)Designa forebay using followmg data sets: o ' 4]
Q=15m’s S g s
Storage requirements = 4 minutes
Length of penstock =500 m
Diameter of penstock =2 m

- b) Diseuss various tunneling methods used in Hydropower pro;ects What is the purpose
of shotcreting? Discuss the procedure. ’ - [4+2+2]

7. Design a pelton wheel turbine for a hydropower plant havmg net head of 310 m and -
discharge of 5m%/s. Take the efﬁmency of the turbme as 90%. What will be the specific

speed of such turbine? . : [7+1}
8. Describe with sketch dlﬁ‘erent types of power house and their gene arrangempnt. o [4]
1oy ‘
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Candidates are required to give their answers in their own words as far as practicable.
Atrempt AU questions.

The figures in the margin indicate Full Marks.

Necessary figures are attached herewith.

Assume suitable data if necessary.

a) Briefly discuss the historical dévelopment of Hydropower in Nepal.

b) Do you think daily peaking RoR projects are advantageous over RoR projects in
Nepal? Justify your answer with daily load curve.

c) If you are developing 10 MW RoR hydropower project in Nepal, write different

studies carried out during the feasibility level study.

[2]

(5]

a) The average monthly flow of riverin a fypical dry year are as follows: [5+2+2}

month | Jan | Feb | Mar | Apr [May [Jun | Jul | Aug | Sept | Oct | Nov | Dec

Q 65 |53 |51 115 | 187 | 270 |S80 {974 | 1179355 |176 | 123

m*/s

. And other relevant data are follows i) prevailing inte‘rest'rate =12% ii) Energy selling price
' for primary energy=Rs 5000/ Mwh and 3000/Mwh for secondary gnergy iii) installation
. (Electro-mech) cost = RS 80000/kW iv) project life time = 40 yrs v) overall efﬁcieﬁcy of the

- plant = 87% vi) Effective head = 100m vii) O&M cost = 2% of electro mechanical cost viii)

fixed cost = Rs 30%10°
a) Determine the installed capacity of such plant ’
b) Calculate the firm power of the plant, c-onsidcring 95% p’rbbzibility of exceedance of flow

¢) If the deficit in the firm power in the power system is 200 MW what is the storage _‘

‘capacity of reservoir to satisfy the demand.

b) Ina mmxgnd the average load variation is recorded as:

Time 10PMto6AM | 6AM 109 AM | 9 AMt0 6 PM | 6 PM to 10 PM

Load (KW) 400 540 450 820

3.

Power is supplied by the fi)lant capacity of 950 KW Micro-hydro. Find out load factor,

plant capacity factor and utilization factor.

a) Discuss the selection criteria of different types of dam in hydropower projects. What
type of dam do you select in different foundation condition?

b) Design and draw section of a side intake with coarse trash racks for a project in which
river bed level is 3315.0 m amsl. Weir crest level is fixed to 3317.5 m amsl. The
highest flood level in 100 years return period is 3320.83 m ams! and flood level in 20
years return period is 3319.55 m amsl. The canal water level is fixed at 3317.5 m
amsl. The design discharge is 1.45 m®/se. Assume other suitable data.

(3]

[3+2]

[6]



c) Determine the specific discharge of the flow through earthen embankment dam
having 2.5 m thick centre impervious core. The upstream and downstream slopes of
an earthen embankment dam are 1:1 and 2:1 respectively. The water depth at
upstream is 25 m. The dam has a crest width of 4 m and free board of 2 m. The
coefficient of permeability of dam body material and center impervious core are 2.5

6. a). A pelton wheel has to be designed for the following data;
Power to be developed = 6 M
Net rated head =300m
Ratio of the jet diameter to the wheel diameter =0.1
Overall efficiency =90% |

crm/hr and 0.15 cm/hr respectively. Also draw the phreatic lines. [6+4]
d)y Why dramage gallery is provided in concrete dam? Mention the sun.ibh, locationofa

gallery in dam section with its effect in uplift pressure. . : [1+2]

4. a). What do you mean by mass curve? Write step wise procedure of calculation of '

reservoir capacity using the mass: curve. : [1+3]
b) What are the design considerations of headworks in hlgh sediment laden rivers of
" Nepal to minimize the entry of sediments from the intake? Explain the favorable

conditions to construct the bottom rack (drop) mtake [3+2]
c) Classify settling basin based on ﬂushmg syotem Also explain its- operdtion

mechanism during flushing. [1+2]

5. a) Inahydropower project the fohowmg data are given: [1.5%4]
Design discharge (Q) = 60 m*/s .

.- No.of penstock = 3

- Dia. of penstock = 2.0 m

- Length of tunnel = 6.5 km °

©Diavoftunnel = 9.0 m

.+ "Velocity of wave in penstock = 1750 m/s
- Frictional factor for tunnel = 0.016

If the simple eylindrical surge tank of 25:m dia has been prowded at the end of the

~tunnel, find (i) Max. up surge in the tank (if) Max down'surge in'the tank (111) water

«hammier pressure and (iv) Time of oscillation. .
b) - A penstock of discharge capacity: Sm’fs.is functmmng for:a hydropower Wlth dynamic ‘

~‘head of 50-m overthe turbine: Determine its.economic diameter. 2]
c) Discuss methods of tunneling practiced in hydropower project.

4

Assume coefficient of valocny (Cv) =0.98 and ratio of penphera] velocity of wheel to jef

velemty 0.46

b) Draw a plan and section of powerhouse having two unit of vertical axis Francis
turbine showmg from penstock to tai imce outlet ‘
1
ikt

[4].
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1. a) “Most of the political parties of Nepal are determined to avoid Load Sheding during 5
years in their menufesto” Do you agree with their commitment during this period?
What approach need to be taken for hydropower development in Nepal to meet the
demand rate up to 2020. : - - [2+43]
b) Explain site specific hydrological, geological and topographical investigations to be
carried out during the pre feasibility study level of a hydropower project. [5]
~ 2. Hydropower project is planned to develop in a river having net head of 100 m and overail.
3 efficiency of 85% with the monthly hydropgraph as shown below.
Month~ | Jan | Feb | Mar | Apr { May [Jun | Jul |Aug | Sep Oct | Nov | Dec
Discharge | 100 | 120 | 140 300 | 320 | 1800 | 2000 | 2500 { 2100 | 900 | 500 | 300
i) Calculate installed capacity, annual spill energy.and firm energy if RoR project is
designed based on the 40% probability of exceedence flow. = } C[2+2+2)
© i) If the storage project is developed with full regulation of anmual hydrograph (design ,
discharge is equal to average monthly flow), Calculate the storage requirements. 2]
i) Calculate the installed capacity and annual energy generation from the storage project
as mentioned in above case. : C ' : [2+2]
3. 2) Show that the resultant force in a concrete gravity dam should pass within the middle
third of the base width in order to avoid tension in the heel. ' (6]
'b) Design.a hydraulic jump stilling basin at the toe of the spillway with the following
data; (9]
Discharge =80m’/s - -
Width of the spillway = 8m
Spillway crest level = 96.00m
River bed level = 65.00m
Tril water level =71.00 m -
Coefficient of discharge = 0.7
Downstream bed slope (i) = 1:500 and Manning’s roughness coefficient = 0.016 and
ratio of length of stilling basin and sequent depth = 5.1 '
¢} Explain very briefly three types of gates and its working mechanism with skefches
widely practiced in hydropower projects in Nepal. [1+3]
d) Determine the seepage discharge for the earthen dam having 33 m total height with
Y width impervious central core. Take top width of the dam is 7m and freeboard 3m.
‘The coefficient of permeability of dam material is 4x10° m/sec and that of
impervious core is 4x10°% m/sec. The upstream and downstream slope of the dam is
3:1 and 2,51 respectively. [5]



i a)

b)
. a)

>

b

Find but the dimension of a continuous flushing settling basin for a high head project
in Himalayan River which utilizes a discharge of 60 m®/s and head of 300 m the
sediment particles larger than 0.15 mm have to be trapped efficiency 95% in the
basin. Consider the effect of the turbulence and check the length of basin using
Valikanov’s relation of the density of the silty water of 1.105 ton/m”. Draw plan and

section of the basin showing major components. - o {6+3]
Explain the general requirements of a functional ROR headworks. [3]
What do you mean by hydraulic design of tunnel? Explain the selection criteria of
tunnel alignment. - ‘ , o [2+2]
What are the design considerations of Forebay? Design a ‘Forebay with turbine
discharge 12m’/sec, water is conveyed from Forebay to powerhouse by two number

of penstock of 2 m diameter each. Take retention time 3 minute and limiting velocity

0.2 m/sec. ) S : - ' 2+4]
Why restricted origice type is more efficient than simple cylindrical type. {2]
Design specific speed, turbine diameter and setting of the Francis turbine in a
hydropower project having net head of 150 m and design discharge of 25 m’/sec. :
Take turbine efficiency 81%. [2+2+2]
What are the conditions Francis turbines are preferable than Pelton turbine?

#k ok

4]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
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List out the major features of Hydropower Devé]opment policy 2001. Is the policy able to
attract private sector? Write your comments. ' '

4) Drawing neat sketch (plan and section with all components), discuss the principal
" characteristics of diversion type storage hydropower plant.

b) Highlight the major studies and investigations carried out during reconnaissance,

prefeasibility and feasibility studies.

[4]

The mean'monthly flow of a typic;al Nepalese river is as follows: [2+4+2]

Month. | Jan | Feb | Mar | Apr | May | Jun - Jul | Aug | Sep Oct | Nov | Dec

Y

Qs | 80 [ 74 %3 1100 | 130 | 222 | 600 | 800 | 590 | 240 | 120 | 100

i) "fé;tlculate the installed capacity of a plant based on minimum flow of the river without
pondage (if the plant is designed for pure run of river plant) with net head of 200 m

and overall efficiency of a plant is 85%. _
ii) The plant has three sets of units (turbine and generator) such that one unit with full

capacity is operated during off peak hour. If the plant is designed for a peaking plant

with 4 hour peaking (morning 2 hour and evening 2 hour), what will be the installed
capacity of a plant?

iii) What will be the increase in benefit from peaking if peak hour energy rate is Rs

12/kWh and off peak energy rate is Rs 6/kWh during minimum flow month?

a) A concrete gravity dam on the rocky foundation is acted by the upstream horizontal

“hydrostatic force of 4.50 million KN and by the downstream the same of 0.50 million
KN. Determine the volume of concrete works (feon = 24 KN/m*), neglecting bond

stress and up lift force and taking a factor of safety on the horizontal thrust of 2.5 and

a friction coefficient between the concrete and rock of 0.65.

b) Write with necessary sketch and their hydraulics, any three types of spillways used in
a head works of a hydropower plant. :

é) Explain causes of failure of earthen dam. What criteria do you adopt for safe design of

earthen dam?

a) Discuss the fequirements of a functional RoR headworks. Drawing a typical plan of

such headworks, discuss how these requirements are fulfilled.

b) Find out the dimension of a settling basin with turbulent flow for a high-head
‘hydropower plant, which utilizes a discharge of 40 m’/s. The -sediment particles
coarser than 0.15 mm (o = 1.5 cm/s) have to be trapped in the basin. Draw plan and
sections * (cross and longitudinal) showing major components and flushing
arrangement. :

¢) If you have allocated about 10% volume for sédiment storage and overall trapping

efficiency of settling basin is 40%, find out the frequency of flushing of settling basin, -

when the sediment concentration is 2000 ppm.

[8]
[6]
[2+4]

243]

[3+3]

B
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6. a) The design discharge through the tunnel .of a hydropower project is 60 m 3s is
conveyed by three number of penstock to the turbine of 2 m diameter each. Take the
length of tunnel is 7 km, diameter of tunnel is. 10 m, friction factor of tunnel is 0.016,
friction factor of penstock = 0.04 and velocity of wave in penstock = 1800 m/sec. If
the surge tank of 30 m diameter has been provided at the end of the tunnel, find the
following: (i) maximum up-surge and down-surge in the tank (i) water hammers

pressure (iii) Time of oscillation of wave. [4+2+2]

b) Discuss with sketch; types of tunnel supports and their necessity?

7. What do you mean by setting of turbine? The: pipe line 1200 meter supplies water to 3.

single jet pelton wheels, The need above the nozzle is 360 m. The velocity coefficient for
the nozzle is 0.98 and the coefficient of the friction for the pipe line is 0.02. The turbine
efficiency is 0.85. The specific speed of turbine is 15.3 rpm and loss head is 18 meter in
pipeline due to friction. If the operating speed of each turbine is 560 rpm, determine (i)
Total power developed (ii) Discharge (iii) Diameter of each jet and diameter of pipe line.”

8. Drawing a section of vertical axis Francis turbine in a powerhouse, show the dlffcrent
parts of powerhouse structure.

Fokk

[3+1]

[2+6]

[41
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Candidates are required to give their answers in their own words as far as practicable.

Attempt AUl questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary. ,

What are the objectives of Hydropower Development Policy 20017 Explain five main

features provisioned in Hydropower Development Policy 2001 for the development of

hydropower in Nepal.

a) Prepare a three alternative layouts plan and sectional drawings of the ROR
Hydropower plants.

b) What are the stages of hydropower development cycle?

The stream flow record for a hydropower development site is given below. Draw a flow
duration curve and determine firm and secondary energy if the available head is 60 m
design discharge capacity is 45m>/s and overall efficiency is 82%.

Months | Jan | Feb | Mar | Apr | May Jun | July | Aug | Sept | Oct Nov | Dec

Qs |30 |38 [28 22 [16 [32 |56 |72 54 146 |38 |36

a) Draw uplift pressure diagram (i) for dam holding 50 m water depth at upstream
vertical face with top and bottom width 10 m and 30 m respectively. Uplift may be

- considered to be acting an 60% of the area of section. Tail water depth is 5 m. (ii) for
~ thesame dam there is a drainage gallery at 6 m from face.
' b) The ws and d/s slope of a homogeneous earthen dam with 12m toe drain are 2:1 and

3:1 (H:V) respectively. The water depth at w/s of dam is 50m. The dam has a crest
* width of 20m and free board is of Sm. The coefficient of permeability of dam material
"is 2.5 cm/hr calculate (i) Specific discharge through the body of dam (ii) co-ordinate
of phreatic line.

¢) With appropriate drawings illustrate the general arrangement of intake for storage

plants.

a) How are the control of bed load and floating debris in ROR intake done? Explain with
appropriate plan and sectional drawings of the system.

b) Compute the dimension of periodic type settling basin considering and without
considering the turbulence effect for a hydropower plant through settling theory.
Take,

Settling velocity = 6 cm/sec
Discharge = 5m’/sec

Particle size to be removed = 0.2 mm
Depth of basin = 2.4 m

a) A power station is fed by a 4000m long concrete lined tunnel of 5.0 m dia and 600 m
long pressure shaft of 4.0 m dia operating under a gross head of 250 m. If the design
discharge of the plant is 60 m’/sec and the friction factors in tunnel and pressure shaft
are 0.014 and 0.012 respectively,

i) Compute the sectional area required for mass oscillation in a surge tank

ii) Maximum upsurge and downsurge levels

iif) If the headwater level is 1048 m, find out the invert level of the headrace tunnel at
surge tank

b) Explain the importance of tunnel lining.

Discuss the various types of reaction and impulse turbines used in a hydropower plant.
Discuss their suitability and major performance characteristics.
Discuss the arrangement in a typical surface powerhouse. How do you compute the basic

dimensions of such building?
ek ok

[3+3]

[6]
[2]

(8]

[3+2]

[10]
[5]

[6]

(8]

[3]
(3

(3]
[3]
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[2+2]






B O

e e T ]

[ Teval 'EE ¢ | Full Marks | 80 |

i e AN . ——— e . —

) ! Programme | BC ) } Pass Marks ! 32 l’

’ e /Pt [NTT e Tomm ]

; M_“~~. .. Subjecy: - E:I_ydroggwer. Engineering  (EG764CE) . /

: , v (fagdi\':!ﬁtes are required to give their answers in their own 'WOrds' as far as practicable, '

i v Aﬁé};ﬂp‘lj‘fﬂ;}‘f‘i&e questions, ) a
s v'_The figures in the margin indicate Full Marks. o ’
j v’ dssime suitable datg if necessary, . w A

St 1, 8) Brefly discussing the major sources of electric power generation, highlight the major . - ok
§ oA merifs of hydropower over pther sources in Nepalese context., s B33y
o - b Drawing neat sketch (plan and section with all components),'dlscqss the principal W
; 0 characteristics of a peaking Tun-of-river hydropower plant. S B43Y
§ &) ¢) Hi ’_i'.}Iighf the major Studies and investigations carried out during reconnalssancq, -
SR ) S ~-'1'31‘Ef¢:_asibﬂity and feasibﬂi"fy'"s"tndiés.",."‘" DR T R ' S [43‘ '
’ ~ 2. Thé mean monthly flow of 3 typipal Nepalese river is ag follows e
z} Apr | May | Jun | Jal Aug | Sep | Oct | Nov Dec | i
I 102 | 140 250 | 705 [ 1000 610 | 260 | 130 100 ) B

wing ‘the time of maximum spillage and deficit time of the year. .t

I o df be ensured, what is the capacity of the reservojr required? -7 [4+2]

[ .. B Compute the installeq capacity, firm and secondary energy and plant factor of the e

i o -~ " power plant based on the fjlowing data; - ' : S 8]

R + Probability of exceedince flowas 030 ’
35 | *  Minimum ENVIronmeA ease as 10%,
i ,*  Gross head of plant $210m S S '
§ . © Hydraulic, turbine, generator and transformer efficiency as 96%, 93%, 98%
i < and"’99,°l/_oﬂrespectiyely.' Lo o
| ? : v The outage (forccd shutdown) .of the plants as 3%
2 ; Draw power duration curve showing firm and secondary energy [2]

. homogenous ‘earthen
‘Was constructed and the foliowing results were noted:- = -

- Number potential drops = 2

Number, OWcChammels=3 : |
. - The dam has 3 horizan THter of 15m length at its drawdown end.- Caleulate the
, dzsuharge Permeter length of the dam if the coefficient of permeability of the dam
B material s 2.7x10% em/s © SR g S '
B \\ :

A

dam is 21 5m high and has a ﬁ‘e»evbca:dv of15 Aﬁownet




o _ .
. 4. &) How do you determine the wall thickness and size of an em:;edded penstock‘7 Why
i - N/ optimization of penstock is needed? Explain with mathematical expressions. [6+2]

0} Determinethe size of a fore bay fora nydmpowsr pro=ect havmg following data: - £2]

Design discharge = 14 mS/s
Diametef of penstock = 1.9m A ~ ’
Velocity in penstock = 5.4m/s .
Limiting velocity = 0.2m/s - 0.8m/s ‘

. «Retention time = 3 mins
‘Transitional slope=1.in 5

. &) /A Francis turbine developmg 10 MW under a head of 20m 11as a draft tube with inlet
diameter 2.6 m and is placed 1.5m above tail water. If the vacuum gauge connected to

. the draft tube indicated reading of Sm. of water determme the efﬁ01ency of turbine if
o efﬁczency of draft tube is 75%. , ‘ [8]

escnbe the differént methods of energy dissipation below the spillway stmcture
“with sketches : f8]

etermine (i) minimum number of Francis turbmes requlred for a hydroplant on a

win /. stream hawng 250-cumecs. flow and 25m-head. The generator is directly-coupled to - -~ - -

. the turbine which has _specified speed of 250, efficiency.of 85%.

The frequency of
aneratmn 1550 ycles/s and n@ber of: poles used;:::s 20 i1l

‘;;D,‘,swn a hydrauhc Jump stxllmg basin for a maximuny chscharge of 40 vm /s ﬂnwm

o .from an overflow spillway, with:the spillway., crest 4Qm- abave the downstrﬂam gra.vel .
o river. bed w1th a slope 0.00515 and n=10.025 o -

[ ek

~

i ’

A

£
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S | _2 . %)-/'What are planning. parameters and data required for a hydropower project? Discués

01 TRIBHUVAN UNIVERSITY Exam. _oid Back (2065 & Earlier Batch)
INSTITUTE OF ENGINEERING Level, BE ' Pull Marks | 80
 Examination Control Division Programme | BCE | Pass Marks | 32
' 2069 Poush ’ Year/Part |IV/I Time 3 hrs.

Subject: - Hydropower Engineering (EG764CE)

Candidates are required to give their answers in their own words as far as practicable.
Attempt any Five questions. o : '
The figures in the margin indicate Full Marks. .

Assume suitable data if necessary.

AN NN

- a) Justify with facts and ﬂgurés the statement regarding hydropower development in
Nepal “Highest potential and lowest consumption”. Why storage (Reservoir) types of
hydropower projects are px;’eferrcd than Run of River projects in Nepal? )

.b) The average monthly flow of river ina typical dry year are as follows:
| Month | Jan | Feb | Mar | Apr | May Juni{ J ui'y Aug | Sept | Oct | Nov | Dec
oms | 65 | 53 | st | 115 | 187 | 270 | s60 | o4 [1179] 355 1 176 | 123

fa—y

And other relevent data varé%fo»llows:'(i‘) Prevailing integé;tmr‘é{e-= 12% (11) Energj

. selling price = $30/Mwh (iii) Installation (Electro-mech) cost = $600/Kw (iv) Project

~life time = 40 yrs (V) Overall efficiency of the plant = 87% (vi) Effective head = 100m -

Y i) Determine the installed capacity of such plant S o '

) Calculate the firm power of the plant, considering 95% probability of exceedance of
oo flow ' ‘

[4+2]

[107.

S u1) If the deficit in the firm power in the power system is 200Mw what is the storage

‘papacﬁy,oflreservoir to satisfy the defnand. S

e hydropower development cycle with flow chart. -
‘b)Y Explain with neat sketch all types of the Run-of-river hydro plant? What do you
K _,understand by peaking hydro plant? _ -
A_ 4;'@?Ning a neat skefch of a gravity dam |
) Show major regulation levels and write their significance.
. b) -Show forces acting on dam and categorize them ' v

- ¢) Calculate the segpage discharge passing through an :m‘qar;linient' dam with a typical

cross section consisting of the following data: R e i

Top widthefthedam=8m . . .%¢ B
Upstream/downstream slope = L3@WH) i
Dovnstream water depth=0m > 7
Base width of the dam = 700m.

'

 Coefficient of permeability of dam body = 1x10°m/s

! N

3

| ‘[3+3]

[2;!-6]

[5+3]
4]

16]



1 Gy 8 U;amw a neat sketch (Plan and éection's} of a botom intake, discuss the suitabilits S
b o and advantages of such intake. ‘ : ' o - [343] T
‘ - b) Find out the dlmenulon of a setting basin with tm’nulpnt flow for a high-head o :
hydrépower plant, which utilizes a discharge of 30m’/s. The sediment partzcips ' :
coarser than 0.15mm (o = 1.5cm/s) have to be tr apped in the basin. Draw plan and
sections {cross and long1tudmal) showing major compone'lts and ﬂuslnng
= arrangement. o ; [5+3] :
5. ) Find out the dimension of a forebay, which accommodates a storage for 3 min of -
L Gperatmn for a hydropower plant having the following data: =~ '~ * '~ R . R B!
Design discharge = 30m’/s ' | ;‘
Length of penstock = 250m M
Diameter of penstock = 3.0m :
Draw plan and section of such a fore bay showmg main compenents and dlmefxswns ~

] you composed.

. .b) Drawmg appropnate skctches ‘describe w1th their smtab111ty four types of spillway ‘ i
3 »—;*;-vv-»«igates RO 81 , 1
? 6 ), AVrite vnth necessary sketch, two. types of energy d1551paters ina head works ofa. -
s hydropower plant. ; - [6] EONE
i cuss the vanous types of reaé‘tnlo'nl and 1mpu1se turbmes used ina hydropowcr""“v‘ e A

%, [6]

4




CVIL v

01 TRIBHUVAN UNIVERSITY : Exam, Regular / Back
INSTITUTE OF ENGINEERING- Level BE ‘ Full Marks | 80
Examiration Control Division Programme | BCE - | Pass Marks | 32
""" T e 768 Bhadra o e e [year»/a}’ﬂrt ! IV/II | Time i 3 brs R

I o Subject: - Hydropower Engineering

Candidates are required to give their answers in their own words as far as practicable,
Attempt any Five questions. - ‘ o N ' _ - ‘

The figures-in the margin indicate Full Marks, «~~ -~ -~ .. ‘ B
Assume suitable data if recessary. o '

IR NN

—

. a) Make aneat sketch of a hydropower plant and show clearly tiie 'variqus elements. f7]

;. i b) Discuss 'differ&r’l‘t"”t}fﬁés of energy dissipating methods used below the spillways.
' Where would you prefer shaft spillway over other types of spillways? - [5+4]

2. | a) - Figure below shows the cross-section of an earth dam. Construct fhe base parabola
(phreatic -line) and calculate the seepage  through the body of the dam. -

- Take K =1x10"m/s.

]
| 8m ,»lv' B

Drainage filter

N

- - ‘ TR S - covcl 4
173m _ T 30m—
b) What is grouting? What are different types of grouting used in a gravity dam? [2+5]
‘3. 2) In a hydropower project, penstock of diameter 2.5m carries a flow of 5.5 m¥s to the
turbine located in the power house. A simple surge tank of diameter Smis located at a

& ] distance of 1500m from the power house. The total length of the penstock is 3.5 Km.
N [ .. - Considering the friction factor (f) = 0.02 and the instantaneous total closure, find
J () maximum height of surge tank required and (ii) time period of the oscillation

[

LT wave

5

Lof | b) Hydropower plant developed ﬁnthe river has net head of 110m with overall efficiency

~ 0f 85% and 10% of water is required to be left for environment and downstream user

- in the river. If the plant is used-as a peak load plant operating only for 6 hours a day, -
determine the firm capacity of the plant. S ‘

A Mean monthly flow for a Nepalese river is given below

- A _.Moﬁth Jan | Feb | Mar | Apr [ May| Jun | Jul Aug| Sep | Oct | Ndv-~ Dec

“ . [Qm¥s 17001201140 | 3001350 | 1800]2000] 2520 2000] 500 650 | 500

u -——~——¥—»-»'«~,~~~_ :"]..)"‘"WithDﬂt—pOHdagé'-%' R — 'f'_'—'—'_—‘“'"" T i TR e - '"“"“*' e
»#). With pondage but allowing 10% of water to be lost in evaporation.




4, a) Compute the dimension of penodz setthng basin for a hydrOpower plant usmg

t;Lv uLmDI@ Settlmg theGTV V\.”t_l LﬁH dat Iﬂ'vl belr\h’ . ) . L [4+3]

SR Ll S A

Design discharge = 5 m3/s
" Particle diameter to be removed = 0. me
Depth of basin = 3, 5m

- Take' se‘tﬂmg Velocfcy of the' pamcle 2.5 cm/sec

If the turbulence is cons1dered what w111 be the' dunensmn of basm7

b) How would you reduce the rate of sedxmentatmn of’ reservou‘? What is trap

' . .efficiency? How would you estimate the useful life of a reservmr? [4+5J
5. a) A Pelton turbine develops 3000 KW under a head of 300m. The overall efﬁmenc yof
_ the turbine is 83%. If the speed ratio (speed of bucket/ speed of Jet) 0.46, Cy=10.98
and specific speed is 16.5, then find: . . . N [5+4] 4
—)—Diameter orumbme e A ' N
- i) Diamster of jet ™ : , . : . p T
b) Name 7 large hydropower plants of Nepal w1th their mstalled capacmes »' - Mmoo o
6...a) Explain the underlying prineiples in demgn of tunnel Immg ' ‘ S 4] o
|  b) Explain the genersl” arrangements: for a power house How would you -fix the
‘. approximate dimension of a power house? . - R ' [4+43] L
o c) What do you understand by power system gnds? Enumerate the. advantages of such ' "

Hofok

w - ST R
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v Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt any Five questions.

v’ The figures in the margin indicate Full Marks.

v’ Assume suitable data if necessary.

What is a daily peaking power plant? With neat sketch (plan and section) show the -

1. 2)
- general-arrangement of such-a-plant—- — —

b) Long term average monthly flow of a large tropical river is given below:

Month Jari | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
alfa‘/’f:;ge 280 | 250 | 210 | 84 | 84 | 210 | 868 | 1064 | 2380 | 2492 | 2156 | 659

A hydropower plant is proposed on the river to meet the vpeak demand of 18 MW in
. the month of May of an isolated town, where average annual load is 7 MW.
Topography permits a natural net head of 28m and plant efficiency is 0.78.

)" If installed capacity is to be fixed to meet the peak demand, determine the
-1 percentage utilization of run off.

i) If peak load increases to 37 MW and average load to 23 MW in the month of

- May; the installed capacity is increased accordingly; and the power plant is to be

operated for only five.days, calculate the pondage requirement to regulate the flow

‘over that period.

Starting from the first principle, describe with the help of equation_s'the procedures to
obtain the specific discharge through the body of an earthen dam with core.

) Show that the resultant force in a concrete dam should pass within the middle third of
the base width in order to avoid tension in the heel. -

What do you understand by economical diameter of penstock, and why is it necessary
to work out one?

b) Deterrrlﬁne required reservoir capacity from the data given below:
( , Jun

Month Jul Aﬁi Oct | Nov | Dec | Jan | Feb | Mar

Meanmonthly | 55 | 33 | 35 | 30 | 20 | 20 | 15 | 13 | 10| 8 | T | I3
flow (m’/s) ' .

Ramfall(cm) | 28 | 30 | 34 | 8 | 0 | 0 | 0 [0 [ 4 6 |10]16
B, (cm) o T 7 6 1 9 | 5 | 4 | 4 | 5 | 10]10]12]13
Dermand (ha-m) | 1500 | 2000 | 2700 | 4000 | 4800 | 4800 | 4600 | 4500 [ 4500 ] 2700 | 2500 | 1500

Assume that surface area of reservoir is 6,000 ha throughout.

How is specific speed of 2 turbine-different- from its speed and how does it help us
select a particular type of turbine?

b) In ahydropower station, the available discharge is 300 m*/s under the net head of Sm.
If the speed of the turbine is to be maintained at 50 rpm and overall efficiency is 82%,

determine the number of Kaplan turbines, provided their specific speed should not
exceed 500 rpm. Also calculate the power produced by each turbine. -

Apr | May

Sep

¢) Write short notes on:

1) Power house planning ;- 1i) Gav@rhing of 2 turbine

[10]

[3+5]

8]

(4]

(6]
[3+3]



a)

b)

raw neat sketches of three types of spillways and three types of spillway crest gates.

-Also’discuss their suitability and advantages. ‘ o [6+4]

Describe in detail what level of topographic and geological information is required
during reconnaissance, prefeasibility and detail feasibility studies for a hydropower
project. . ‘ (6]

Draw a typical cross-section of a surface power house with Francis turbine. Also label
the components you will be showing in the sketch, [5]

) Discuss with sketch the arrangement and suitability of four different types of intake ‘
used in hydropower plants. ‘ ‘ [2x4]

counterpart. ]

ok

ey
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“andidates are fequlred to gwe their answers in then' own words as far as practxcabie

‘ tteriipt any Five questions. R R : L
V' The figures in the margin indicate szil Marks

WV Assume suzz.‘able data if. necessary. | .- ;

a) ‘Where do you provide pumped-atorage plants? Eﬁipiaix\ thé:‘ working and general

arrangements of pumped storage plant with neat sketches..

prefeasibility and feasx.blhty studies? -

2. The monthly flow of a river supplying water to a power plant is as follows:

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov

Dec

Q(m/s) | 11.0 | 7.8 |. 6.9 | 74 | 123 |47.8 | 140 1770 94.1 | 347 | 194

13.8

a) Draw ‘a mass curve, showing spillage and deficit region. Find out the spilling
discharge and compute the storage required to assure a regula.ted flow from the mass
- curve? .

| b}

Co*nputc 1nstalled capacity,” firm and secondary energy from the power plant

‘ascummg the following data:

Ploba‘mhty of exceedance of flow as 0.25.

10% of the minimum- monthly flow s environmental ﬂaw to be released

_-downstream =
Gross head of the power plant =230m

.Hydrauhc, turbine, generator and transformer efﬁclency as 96%, 93%, 98% and

99% respectlvely

If it is intended to develop the power of 1.5 tlmes mstalled capamty by providing a

“storage, determine the minimum capacity of reservoir.

The cross-section of an earthen embankment dam cons1sts of followmg data:

Top width of dam=8m
Upstream slope = 1:3 (V:H)
Upstream water depth =27m
Height of the dam = 30m
D/S water depth = 10m

D/S slope = 1:2.5 (V:H)

- Base width of dam = 173m

Coefficient of penneablhty of body of da.m =1x 10‘6 m/s

Consider impervious foundation.

| Based on above data:

i , ;Derive the cquatwn for Lhe secpage dnscharge from this dam, - :
i) ‘ hreatac hne for 'thzs dam :

[2+6]

- eb)—What--are—the - different —investigations—and—their— lpvels‘ﬂurmowreconnalssancewffm R

(8]

[4+2]

(6]

- [4]

o [4+6]




6. a) Describe with neat sketches the various types of intakes an

vb) Find out the dlmcnsxon ofa forebay,r

E)} Drawmg a ciear sketch snow/dm .

a) : Drawmg deﬁmtmnﬁsketch (pian _
“ the settlmg basin by partwle appm

operatmn for ahy ydropowcr plant havmg fbllﬁwmg dai

Demgn discharge 20 m¥/sec
Length of pcnstock 300m
Diameter of penstock =2.2m

Folstrns, &

Draw plan and section of such a forebay vhcwmg zmam componﬁ-nts

c) Show that the resultant force in a. dam should pass within middle third of thqé’ base
width in order to avoid tension in the heel.

a) The following data refers to a proposed hyd:o-.eiectr_ic power pl'ant: ,
Installed capacity = 60 MW '
Nethead =200m =

No. of units = 3

- Normal operating speed: (synchronous to genurator) =750 pm-~
raft tube efficiency =90%

Maxxmum K.E. of water at exit of draft tubs = 10% of KiE.of water from runner

'1) Determme type of turbines. to be sclected spemﬁc speed and size of the turbmes

ERRTY Startmg from first pnncnple ~determine location of centreline of turbine with
i s respect to: tail water- level “Check with thoma- criteria, xf cntlcal cavitation

; 2 : :
_coefﬁment is calculated from = 00432(11:;0) | where Ng = spemﬁc speed,

Barometnc pressure head = 10m of water, vapour prcssure <3m of water.

b) Check ‘whether further excavatxon for a stilling basin is requlred below a dam
discharging 200 m®/s flow through a spillway crest located 50m above the

(4]
[4+6]

downstream river bed. having a width as 50m, bed slope as 0.001 and Mannmg s
~rugosity coefﬁclent as 0.025.

ateév used for
hydropower development. » | S
b) With neat sketch, describe the purpose and working principle of governor.

ko




