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Run of River and Pump Storage

Hydroelectric Plants

12.1. Overview

As already discussed, hydroelectric Power schemes use the available
water energy from a river, stream, canal system, or reservoir to Produce electrical
energy. Hydroelectric schemes can be further divided as; reservoir and run of
river hydroelectric schemes. Reservoir hydroelectric schemes uses dam to store
water, which may be released either to meet changing electricity needs or for
other purposes, such as irrigation. Run of river hydroelectric power plants do not
store water (except as storage of means for regulating the flow), the plant uses
water as it comes and can use water as and when available. Such plants depend

for their generating capacity primarily on the rate of flow of water. During rainy
season high flow rate may mean some

quantity of water to go as waste while
during low run

-off periods, due to low flow rates, the generating capacity will be
low. Many creeks and rivers are permanent, that is, they never dry up, and these
are the most suitable for hydropower production. Stand-alone run of river
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22 RuD of River Plants

gun of the river hydroelectric plant is a t
ype of hydroelectri
i C generation

whereby the natural flow and elevation drop (hydraulic gradient) of
a fiver are

used o

optained by-div
sontal distance between the selected points. Power stations of this t
is type

generate electrical energy. Hydrauhc gradient of a water ch ,
ding the difference of elevation between two selected af‘""' "
o points by
4re built on rivers with a consistent and steady flow, either natural or through the
yse of @ suitable size reservoir at the head of the river which then can provide a

requlated steady flow for stations down-river. A reservoir, often smaller than that

ysed for iraditional hydroelectric schemes is required to ensure that there is
ter to enter the penstock or conduit leading to the lower-
es. Such projects divert some or most of a river's flow (up to 95%
discharge) through a pipe and/or tunnel leading to the turbines,

. 4
ter back to the river downstream. Run of river projects are

t in design and appearance from traditional hydroelectric
rger runs of river projects

recent years, many of the la

scale and generating capaci

es. The classification, however, is according to the
porated or not.

whether storagé is incor

enough wa
elevation turbin
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12.2.1. Run of River Plants without Storage
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"Figure 12.3: Ghazi-Barotha (Pakistan) Run of River Plant with Storage

12.3. Working

Ina run of river facility, a portion of the river water is diverted to @ CONE?
intake structure, called the forebay. The water from the forebay flows throogh
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41, The purpose of the forebay is therefore o allow largs depyis :
{le so that none enter the facility. Debris can - de fs in the
amage the

in Chaptef
to set

water
_|f a small dam or weir Is used, the water from the head pond fi
na flows

rbin€
hrough @ trash-rack and gate. In this arrangement, a spillway might be provig
Vided

10 allow excess water to flow downstream, and a fish ladder might be installed
‘ e
5id fish to SWIM upstream past the dam or weir. °

The water then flows into some combination of canal, tunnel, pipeline, and
penstOCk (pressurized pipeline), where it is delivered to the powerhouse v'vhich
could be located as much as two miles downstream from the intake. Canals are

generall

are used to excavate tunnels. Pipelines can follow the contours of the land or be

puried. Pipelines and penstocks can be made of steel, plastic, or concrete. Water
from a fast flowing river or stream is diverted through these channels to a turbine,
often a Pelton wheel impulse type that drives the electrical generator. Impulse

wrbines which are only partially submerged are more commonly employed in fast

flowing run of river installations while in deeper, slower flowing rivers, submerged

Kaplan turbines may be used to extract the energy from the water flow. The head

of water is essentially zero and the turbine converts the Kinetic energy of the

o the rotational energy of the turbine and the generator.

flowing water int

12.4. Available Power

The maximum power output from 2 turbine used in a run of river
f the water flux

application can be obtained by realizing the kinetic energy 0
incident on the blades. That is:
1 24
KE=—mV*
2
f the density: mass

ition O
the water flow. From the definition

Where v i velocity of
e vis the ty 1. we have:

is equal to pV. Substituting in equation 12. i
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“Taking the efficiency 1 of the system and its "1f‘>tnllulirm

s glven b an
maximum outpul enorgy £ Is given by: ju‘"“f\t y
't
Ee 1 potv? Joules
If both sides of equation 12.2 are divided by time ¢, then {he left hapg
Sidg y,;
the electrical power output Pyax @nd using the definition of discharge e .
vol
unit time); ¢ = Vi, where is the volume, then: Ume pe,
P, =-21-r;/a]v Watts

The available power therefore depends on the quantity of water flowing through
the turbine and the square of its velocity. Since: v=/2gh, then:

mn = ”mgh Watts 12.3

Thus the power generated by one cubic meter of water flowing at one
meter per second through a turbine with 100% efficiency will be 0.5 kW or slightly
less when the Inefficacies in the system are taken into account. Run of river
power is considered an ‘unfirm’ source of power, since most run of river-project
without storage has little or no capacity for energy storage and hence sometimes
cannot co-ordinate the output of electricity generation to match consumer
demand. It can, however, generate much more power during times when

seasonal river flows are high and much less during drier summer months and
winter.
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n = 750/0 or 0.75

conduit diameter: d=1m,

fore the area of cross section of the conduit is:
a0
Ther® .
md’ 3.14x1 _ 2
(= === 0785 m
4 4

The avallable discharge ¢ is then:

q ::Av=0.785><3.5= 2.74 m3/S
The electrical pOWer that can be made available is then calculated using:

1 2
== - (xlv
Pmnx 2 n

o P =%><0.75><1000:< 2 74%(3.5)1= 12.6 KW

Example 12.2: A hotel in a holiday resort is located near a waterfall where the effective head of

30 meters is available by diverting water through a stream. The hotel requires continuous power
hout the year, The hydrograph of the stream Is as follows:

of 650 kW throug
Number of months Discharge (m’/s)
5 10.5
1 6.5
6 2.2

Assuming an overall efficiency of 78%, calculate the maximum electrical power that can be made

available with and without water storage.
Given that:

Head: h=30m
Efficlency: n = 78% or 0.78
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ctrical power will be:

¢ the ele
l()OOxl()SX‘) B1x30=2410.32

e.
_ 078x1000x65%% 81x30= 1492.1 kW

078x1000><2 2x9.81x30= 505 kW

requirements for six months of the year W
g the availability of

us calculat
The

gystem I8 lncorporated
uniform flow s avallabl
discharge ga for the who

q”__lg5x5+6152x1+22x6_ 6.01 m¥/s

le year I8 worked out as:

Thus:

The average power Is: P, =Ma

Thus by Incorporating storag
fulfill its requirements but will b
natlonal grid.

AR A
“
H
ol
" 4
e

ischarge s 6.5 m’ s, the electricg
’ ;a
[

ischarge is 2.2 m %s, the electrica)
4
poy,

quire a standby plant to fuifil itg ¢,
hen the discharge is minimum, N::
power all round the year when a wate; storal
water storage system must have a capacity o thatge
e for the whole year. Thus in this case the &verage

gh =0.78x1000x 6.01x9.81x30= 1381.15 ki

e, the hotel will not only be self sufficient to
e In a position to sell electrical energy to the

)()”er
4

Example 12.3: The hydrograph figures of weekly discharge of a stream flowing near housing

scheme are given In the table.

Month
Discharge (m’/s) :::uary February | March Aprll May June ,
690 880
Month 850 920 865
J
Dischar t Uy August September | October November Decembe!
| L] LR 785 650 g0 | 5%0
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1 (5] ' ] I ‘
i . '

it 8 gos!® that ©
i |
“mU"‘ p()wor '

o load factor of the ho

of the generator.

using scheme is 60% \
s GO%, aslimale the slea of i jaug ‘
Nk -/“'

“__ﬁef‘-;‘
’ »wired andtte rating
e

ven that:
o Head: =18

gfficlency: = 80% or 0.80

average annual discharge ¢ay 18!

The
e
of Gov = 756.25 mS/S
The average discharge will provide the average power, Therefore uging:
P, =1x8h
or P.= 0.8x1000x756.25%9.81x18= 106.83 MW

| be In accordance with the volume of water avallable (o

pondage required wil
harge of 756.25 m%s. Thus the volume of water

give an average annual disc
required Is:= 756.25 x 365 24 x 3600 = 2.385 x 10 m’
g of the generator will be based on maximum demand, which can be

The ratin
calculated by knowing the average power and the load factor; that ls:
7Y
P 10683
Or P =__‘LV_=._.-—-=178MW
mx =@ 06

12.5, Advantages of Run of River Plants

roalectric
1. Like conventional hydroelectrlc power with dams, run of river hyd i
schemes also harnesses the natural energy of

eliminating the need to burn coal or natural g8 b
needed by consumers and industry and Is thus reg

friendly.
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smaller-scale run of river projects as a large reservoj, ic Not o,
result, people living at or near the river do not need g 4, ’(““'L‘d.
natural habitats and productive farmlands are noy Wiped g, "oy "y

12.6. Disadvantages of Run of River plants

g large amounts of river water reduce river flows
a

jvertin
1 . D ffectlng
- Yoty

velocity and depth, which might minimize habitat Quality f,
aquatic organisms. Reduced flows can lead to excessively e fish ang
salmon and other fish in summer. This means that conflicts wj a:a(e, for
the water needed to both sustain aquatic life and generate powesre
river flow becomes more variable or decreases in the futyre "
2. New access roads and transmission lines can cause extensive habitey
fragmentation for many species, making inevitable the introductign of
invasive species and increases in undesirable human activities, like illegq

hunting.
12.5. Pump Storage Plant

In a conventional hydropower plant, the water from the reservoir flows
through the plant, exits and is carried down stream. In a pump storage plant, the
water, on_ce flow past the turbine system is directed to another reservoir, Whlch
can then be re-used. The first use of pumped storage plant was in Italy and
Switzerland in the 1890s. In the 1930s reversible hydroelectric turbines became
availa.ble, which could operate as both turbine-generators and in reverse 8
elec.tnc .m°t°" driven pumps. The latest in pump storage hydroelectic
engl‘neenng technology; are variable speed machines to achieve greate'
efficiency, These machines can generate in 5 o lig : network

ynchronization with the

frequency,
¥ &d can operate asynchronously (independent of the network
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/generator assemblies act as pump ang ity
ncis turbiné design)- Using a reversible turbine, the plant can pr;e
back to the upper reservoir. This i usually done in the °ff~pear:
Essentially, the lower reservoir refills the upper reservoir, By PUMping g hoys
to the upper reservoir, the plant has more water 1o generate electyig er
peak load. During peak hour yd
generating electricity. Pure pumpad-storage |
just shift the water between reservoirs to produce electricai energy, O thep anf
plants can be designed as combined run of river and pump-storage ptl)ther
generating electricity during rainy or high flow seasons through natural str:anls
flow besides operating as traditional pump storage plant during dry seasons, m.

Reverslble turbine
a Fra

back

s, water is released back into th Uring
& low
(i

periods of
reservoir through @ turbine,

Pumped storage hydroelectric plants works on a remarkablyvsim s
Princlple. To start with, two reservoirs at different altitudes are required i
ilustrated in figure 12.4, water stored at height offers valuable potential ene;r 5
?el;ﬂng perlods of high electrical demand, the water is released to the Iov?ey;
cre::\e/:irb;ot:: :::;:re':::icity, When the water is released, kinetic energy i
through reversible turbiie C'OUgh high-pressure conduits, which direct the waté
generator 0 produce e’ecm‘;::‘eded to generator / motor. The turbine drives {2
wale i pumped back by grig ::W!QY- After the generation process Is complété
the generator now working as pply system to the upper reservoir for storagé.

a motor. The supply can be made avallable fro™
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scoromics) nacause it flatians out load variations on the power grid, permitting
parmisl POWSS stations such as coal-fired plants and nuclear power plants that
— sasa-oad elactricity to continue operating at peak efficlency while
aducing 08 need for ‘peaking’ power plants that use costly fuels (for axample
rbine powar plants). Along with energy management,

p control alactrical network frequency and provide
respond 10 sudden

sass! glactic and ges tu
rssarva generation. Thermal plants aré much less able to
changas In glectrical demand, potentially causing frequency and voltage

nstabiity. Pumped storage plants, like other hydroelectric plants, can respond to
bad changes within seconds. The technique I8 currently the most cost-effective
actrical energy. The relatively loW energy

means of storing large amounts of el r

ansity of pumped storage systems requlres either a very large body of watgr claa

a largs variation In height. The only way 0 store & significant amount of csne:riye\s
nahil relatively near, but 88 hig

by having & large pond of water jocated © aturlly,

possible above, a second pond of water. I

others one o both ponds of water C&n be men-made.
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al-fired power ls the driver of the

increase I

o Ik ol
is likely @ 1 L
nissions can be y ,
reduction " greenhous® gas ol roalized withy " Ay
hen the fuel providing eleciriclly for pUmPIng have comparafiy, " o t
' lo G
content s in the case of wind Wy
e e tt J st energy or NUclg Aboy
i e pumper 8
inan the fuel being gisplaced by the pUmPper SIorage generation, rpOWer)
xample 124 Calculate the maximum energy per cublc meter volume of
made available at 70% plant officiency from a pump storage plant with d‘:ater that car)
|
betwean reservoirs of 100 meters. erene o X, };
Given that:

Head: # =100 m
Efficiency: n = 70% or 0.70

Multiplying both sides of equation 12.3 by time in seconds ang |

¥ =qxtime, we have. l"'C"”F?Ol'atin
E,.=neehV (Watts-second)

Therfore:  E, . = 0.70x1000x9.81x100x 1
1000x 3600

=0.19 kWh
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