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CHAPTSR I
INTRCDUCT ION

1.01 GENERAL

The development and prosperity of a Country is largely
dependent on the avallability of power. Growth of generation
and utilisation of power is aptly taken as the index of economic
development of any region oy a country. For a developing
country like ours, the need for generation and distribution
of electricity is all the more as power is not only required
for Industrial and domestic uses, it is also required for vast
areas for tapping the ggound water resources for Irrigation
- purposes. Rural electrification for village industry and Lift
Irrigation too has gained momentum in the past few years. As
‘'a result of these development activities and the rapidly grow-
ing Industry and traction load, the demand for power has increa-
sed at an enormous rate and it become necessary to add a number
of new schemes t0 augment power supply position in éhe plan
period. Hhile the installed generation capacity in the country
under all the categories of power stations i.e. 0il, thermal
and Hydro was only a meagre 1363 MW at the time of indeﬁendence
(1947) it hag risen to 12974 MW at the end of 1968-69 .
Inspite of the tremendous stride made in the growth of gene=-
ration, the supply of power has fallen short of demand at
various parts of India, at diffeient times resulting in huge

losses to the nation by way of loss of production.

The conventional sources of power are the energy of
falling water, coal, oil gas and nuclear energy from fission-

able materlal (other sources of energy such as wind, tide
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geothermal & direct solar energy are not significant at the
present stage of development). Out of the above .conventional
sources of energy water and coal forms the two most commonly

tapped sources for large scale power generation in India.

In the past, the development of power took place
mostly according to the necessity of the region. Depending
on the facilities available, a hydro bower or a Thermal plant
ﬁas being taken up to céfer to the needs of the particular
region. But with the development activity becoming mahifold
and spreading over to‘wider areas under successive plans,’it
came to be realiged, that to efficiently cater to the energy
raquirements within the available generation capacity,greater
integratlon of the system over wider regions is necessary and
thus came the idea of regional and supergrids. Thils is said
to result in reductlon of wastage of power and ensure better

management and utilisation of existing power resources.

It will be seen that planning for power now has to
take a wider perspective of the situation in view of the
integrated operation of a number of plants namely Thérmal_
and Hydro together. 1In this context, it is necessary to
consider the system load, the load demand pattern and the
part of the load curve the new plant is going to be assigned
and its effect on existing plants in the system etc., ahd to
‘know the characteristics of the two types of plants.
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1.02 CHARACTERISTICS OF THERMAL PLANTS & OPERATION CRITERIA:

Thermal plants in India are mostly run with coal as
fuel. Though nuclear fuel plants are also gradually coming
up, till now the development made in that direction consti-
tutes an insignificant fraction of the total installed capa-
c¢ity of the country; g0 1t may be seen that by far it is
coal that goes for almost the entire Thermal power generation
in India at present and 'cheréfore for the purposes of this
study, thermal plants are taken to mean those plants which

use coal as fuel.

'ﬂ'xough fortunately for us we bhave large coal reserves
in our gounhry it is a congumable resource and its use in
steam plants for power gencration ls only at the cost of
other uses. Good variety of Coal require conservation for
metallurgical purposes and therefore indiscriminate use of
the same is likely to cause strain on resources in future.
But as the present position exists, large number of steam
generation plants have come up since pre~independence days
throughout India usually near their load centres depending
on the availability of Coal and water for the plant.

Though lately due to advancement in technology more
efficient steam plants have come up, these are characterised
in general by a decline in the effective capacity with age.
For example gome of the steam plants of U.P. like the Kanpur
(river side), Harduaganj - A power house have lost about 47%
and 16% of the initisl capacity. Several other small stations
like Agra, Lycknow, Varanasi await closure as soon as new
-power plants are gdded fin the grid - Due to loss of efficiency
Vo;r these plants the gystem reliability has also reduced.

~
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| Further, the cost of operating a steam plant is much
higher than for a hydroelectric plant mainly because 6f'the
high cost involved in the fuel and cost of transportation

of the fuel. A steam plant is also more difficult to operate
and maintain and the cost of labour, malntenance and repairs
ie much higher than for a hydro electric plant‘17). Fuel
cost with a steam plant varies with the unit pfﬁce of fuel
and the plant output. go the cost per unit of generation is
directly related to the plant output. The situation gets
wogse where a steam power station is held in reserve and |
utilised to carry peak loads. A substantial portion of the
annual operating cost is incurred Just to keep the plant ready
to run if required, as 4t 1lg not desirable to completely shut-
down the plant when not in use. A steam plant performing the
peaking duﬁy will therefore have a very low capecity factor
and consequently high cost of generation. Due to these
reagons it 1s desirable to run a steam plant at a high capa-
city factor for greater economy. This is possible only by
interconnecting a gr&up of power stations 80 that at least
some of the plants can be run at a high capacity factor and
the others for peaking purposes. Here again those plants
taking peak load will be at the same disadvantage as degeribe-
ed earlier. Due to low capacity factor for them, the cost
per unit of generation would be higher. This shows that
steam plants are basically not suited for taking peak load
from the consgideration of efficiency and economy. Thus
integrated operation of a group of steam power stations has



only the main advantages like pooling of reserves, optimisa-
tion of overhaul scheduling etc. Stronger interconnection of
the gystem with the adjacent system represents an additional |

alternative for meeting the load.(1°)

1.03 CHARACTERISTICS OF HYDRO PLANTS & OPERATION CRITERIA
Hydroﬁlants utilise the energy of falling water to

generate power. So once a stream is harnessed through a power
plant, it providés an inexhaustible source of energya Though
the initial cost may be higher than that of a steam plant of
comparable capacity the cost of operation and mpintenance of
a Hydro plant is much less than for a steam plant. Since the
input to the plant consists of water, there is no fuel cost
for the plant and for this reason cost of hydro power gene-
rally works out to be cheaper. As water 1s a renewable
resource , delay in utilising the resources to gencrate
hydro power causes & wastage of resources, whereas in case
of all other type of power stations the resources are consu-
madble ahd costly. Hydro-generation directly saves'upon

these consumable fuel.

A hydro~electric plant can be put into operation in
a very short time, the actual time will vary from a few
seconds to 3 or 4 min. depending on the length of the conduit.
8o 1% is well adapted to provide reserve capacity at short
notice as might be required if some other unit.of the system
fails. Due to its fast response and versatile operation

c¢haracteristics, it is always cheaper to have reserve



1ot 6

PN

capacity in Hydro than in steam. Incremental cost for meet-
ing peak demand is very little for hydro as the generation
is achieved gimply by drawing more water from the-storage.

A hydro plant can be cperated conveniently at any\
part of the load curve. It can run as a peak load or base
load station or in any intermediate position. Runqing at
a low capacity facfor dces not influence ﬁhe cost of genee
ration from 3 hydro plant-as 1t @oes in case of a steam
plant. However it has ia bé-remembered that in casge of
Hydro; the capacity should not be reduced_tc below 40%
of the rated éapacity to'évoid éévitation effect and damage
to the turbine runner. In case of thermal the capacity
ghould not be reduced below €0% in genersl.

A power plant, be it thermal or hydro would be
serioﬁsly handicepped if run as an individual station so
far as reliability of supply, resserve capacity, peak capa=-
bility and maintenance is éoncarned. Economy and efficiency
of the gystem vastly improves by interconnecting all the
stations. Modern power systems therefore aim at integrated
operation of all the stations in the system. Integration
of hydro plants with themal in ﬁhe system provide addi-
tional advantages due to unigue characteristics of hydro
plant described above. | |

1.04 INTEGRATED OPERATION OF THERMAL & HYDRO POWER PLANTS

In general interconnection of power stations is
intended to make the supply more reliable, sfficient and
economical. It provides flexibility of operation, pooling
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of reserves and efficiency maintenance. Due to interconnec-
tion it becomes possible to put each power station to take -
that'part of the load curve for which 1t is most suitable.

A8 the load varies throughout the day significantly
it becomes necessary to use several classes of generating
units to economically meet the load. In an integrated system
large steam power units should be operated at near-constant,
high capacity factor throughout the day. They should be
assigned to the lowest part of the load curve (Fig.2) %o
take advantage of their characteristics. Peaking units
are allowed to tazke large-power but low-ecnergy short term
peaks of the order of 1 hr, to 3 hr. at highly wariable plant
load factors. Between the base load and peak load operating
rahges, Older and less efficlient thermal plants of the system
ghould be allowed to operate to carry a fairly large load of
medium variabillity over time spah& of 5_hr to 15 hr. Beyond
thils load requirements a fast-response spinning reserve should
be keﬁt to meet the forced and scheduled outages and unfore-
seen Vafiations of load. Hydroplant is most suitable to meet
this load due to its fast response characteristics which is
instantzneous with load variation. 80 it can be seen that
eventhough a storage hydro-power plant can operate at any
part of the load depending upon the available storage, it
can be assigned a place in the load curve where other
classes of gencrating units are rather unsuitable for effi-
cient and econcmical operatlion. Introduction of storage
hydro pliant therefore directly contributes to the improve-
ment of economy of steam plant by cenabling it to operate withr



a high capacity factor, which is otherwise not possible.
Apart from this aspect, hydro plant goes further to improve
the economy-of thermal station when gecondary power due to
excess avallability of water is absorbed in the grid by E
reduction of load on steam plant. This firming up of secone .
dary power results in substantial economy by way of saving of
fuel cost. Adequate storage hydro-backing is therefore
essential for economic operation of steam plants, where as
the coaverse is not true. A properly designed storage hydroe-
plant which takes into account the stochastic naturs of imput,
can operate efficiently and economically %o take its designed
load. | |

Apart from this asﬁeot_a storage hydroplant has addi-
tional benefits of integration which cfeate.large economies
of scale. These have a direct effectvon_ths plants downstream
due to regulation ofliischarge as also of integration. Sgudies
made on a portion of th@_T.V.A. hydfoelectric systems as shown
~4n Fig. 3 is_a typical example in this regard.

" If only the Apalachia plant were constructed, 11,700
KW of firm powsr could, be obtained. If the three upstream
‘plants were constructed but operated independently, 33,700 KW
could be generated at Apalachia. By co-ordinated operation,
firm power can be increased to 42,800 KW. The change from
11,700 to 33,700 illustrates how upstream storage reservoirs
‘increage the firm power potential of downstream plants by
increasging low flows. An upstream storage facility such as
that at Chatuge increased downstream power by several times
the amount generated at the site. A downstream facility may
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depend almost entirely on upstream. The firm power could be
increased further were the sgystem operated with the sole
objective of generating power rather than with additional
purposes such as flood control and Navigation" (James & Lee-17).

TABLE 1
HYDROSIECTRIC PLANT CONTRIBUTION TO SYSTEM PRIMARY POWER IN
KILOWATIS _
o POWER AT

Power from Down- Apaldchla Hivwasgsee Notvily Chatuge Total

stream , _power

, - from

Apalachia = 600 .. 33700 » , o . 34300
Hiwassee 3600 3900 - 20000 29500
Nottely 1800 1900 - 110G 3400 © B200
Chatuge - 3100 3300 . 1900 ‘ 2400 10700
Total power at 'EQBOD_ 23000 3400 '2“00,,

| Another ad#&ntage that follows 1ntegrated\operation of
more than one stbrage hydroplant ig thét it gﬁves scope to
increase the firm énergy over that could be obtained_bi indi-
vidual operation. A typical example in this regard is the study
.of "Optimum Firm Power Output from a two reservoir system by
incremental dynamic programming" done by Hall, Harbos, Yeh &
askew'1®), The system optimised is shown in Fig.k.

It is reported that by joint operation of this system
improvement of firm energy by 4.8% to 20% could be obtained
depending upon annual firm water contract as given in Table 2.
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- TABLE 2

FINAL RESULTS AND IMPROVEMENTS OBTAINED THROUGH JOINF ‘OPERATION

] | N | .
Annual firm water {Sum of individual §Joint Optimum firm g Improve-
| EAR doptimum firm fenergy contract i ment
SHAS%A § FOLSOM lenergy contrects MWH/YEAR i
§ § MWH/YBAR -k
i i . -

1 2 30 b 5
3500 700 961995 1007752 . W8
3500 800 MB920 996587 5.0
3500 900 927316 979655 59
3600 700 888418 961551 8.2
3600 800 875343 . 951335 8.7
3600 900 853739 - 940387 1041
3700 700 747718 85982 19.9
3700 800 704603 84ou70 19.3

3700 900 683039 818577  20.0
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A storage hydroplant in the system will have a direct
effect on the plants downstream due to regulation ot‘discharges.
in case of runoff the river plants, the pattern of generation
will signifiéantly change due to thé upstream étorage hydrOo'
blant. The generation in the nonmonsoon months will increase
substantially in the downstream runoff the river plants. The '
water released from the storage hydropower plant, besides
providing additional power in the downstreaﬁ plént, provides |
additional irrigation.

From the above discusslon it transpéres that not
only does a storage hydroplant proGuces its own power it has

a signifibant effect on the entire system when interconnected.

1.0 COMPLEXITIES CF PLANNING OF HYDROPLANTS IN INTEGRATED

:. Planning now needs an in-depth study of all the
aspects of integrated operation. The inieraciion between the
system elements require carsful evaluation before the optimal
size of development can be arrived at. This makes the study
extremely complex. Things get far more complex if, public, ,
social, environmentél and esthetic values require to be consi-
dered. In such a situation conventional methods of desighvcan-
not serve the requirement of optimal planning for hydroplants
in an interconnected system, and it becomes necessary to go
in for more sophisticated methods of analysis which take into
account the interaction between the system elements ag explaine-
ed earlier. GUtilising the most common objective of maximis-
ing the net economic benefits, techniques of mathematical
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modelling can be gpplied, But for a water resources sydstem,
it becomes usually necessary to simulate the detalled
sequential operation of the system, representing the manner
in vhich each el enent of the gystem will function undeli""~ ‘
éealist i¢ conditiong of inputs and :equ:ifena:t s of the

systemn,

1,06 SQOPE OF PREGENT STUDY

In this Qlssertation, deternination of the optimal
seale of hydro-developmeant for a reservoir hydro scheme
with runoff the river schemes on the dwnstream has been -
teken up for study. | Tha..resémir scheme considered is
the propo sed Lalhwan.Vyagl complex under Yamngz Valley
development scheme., This project on completion will be
linked with the U,P. power <t an.

Since the project will be interconnected with the
U.P.Grid the features and load chgracteristies of the grid
have been ¢ aken into account In the study and the system
load for the year 1972-.73 has been consildered,

It is pregumed thgt the monthly distribution of
energy on the system will remsin the smme vhen Lakhwar-
Vyasl schane comes into operation. A significant shift in
the distribution patt emm 1s not antieipated, even through
the energy requirement may be higher,



of power will continus in ths future as weil. tventually
this would be @ g big blow %o the growth of Indusiry in
the region.

| Comparing the projected figures of 1972-73 with
the actuals, the picture is even more disduieting.vwhile
the poak demind belrg 1568 mw reached nesrly the project-
ed target, the installed capscity and consequently the
pedk capability remined far short of the targe®, which
moans that the system fell short of both in 1ts peak
capacity a8 well as onergy potential and not emergy
potartial alons as reflected in the surveys The maximm
and minimum daily load, average load and load factor of
tho U.P. Grid to which Yamina Valley Power System will be
conngcted are shovn in Table. Iwo daily load eurves for
the Ganga sarda Grid during peak pericds are &lso shown
in Figse ':Fifqm_iiﬁese curveos it is seen that there is a
iargo gap between the dem and éupgly and if powér poten~
tial 1s not rapidly developed 1n the region chronic shor-
tages in futwre is not ruled out.

2.02 BAS Iu OF PWNING OF HYDRO PMN’J.'u

Out of the 8 bydro power stations only Riband and
Ohra complex has storage hydro plant. Matatlla power
plant utilises the irrigation releasss for power ganera-
tion, and all ths rest are run-of-the-river and canal
plants. None of the powei‘ plent except Rihand Complex '
have any regulation facility., They are entirely dependent
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modelling e¢an be epplied. But for a waler resources system,
it becomes usually necessary to simulate the detalled
sequential operation of the system, representing the manner
in vhich esch el ement of the stem will function under -
i'ealistic conditions of inputs and ;-equifenetxts of the

systen,

1,06 SQOPE OF PRESWNT STUDY

In this dissertation, determinstion of the optimal
sesle of hydro-development for a reservoipr hydro scheame
with rmoff the river schemes on the downstream has been
taken up for study. The.resémir schene considered is
the proposed Lakhwar.Vyasi complex under Yamina Valley
development scheme, This proJect on completion will be
linked with the U.P. power oy <L an,.

Since the project will be interconnected with the
U.P.Grid the fegtures and load chgracteristics of the grid
have been taken into account in the study and the system
load for the year 1972.73 has been considered,

It is presuned thet the momthly distribution of
energy on the system will rausin the same vhen Lakhwar-
Vyasi scheme comes into operation., A significant shift in
the distribution patt em 1s not anticipated, even through
the energy requirement may be higher,



CHAPTER - II

U.P, POWER SYSTOM & HYDROPLANTS

2,01 U.P. POWER SYOTEM

| The power system &s on 1.9.75 consisted of 9 hydro-
power stations and 15 thermal stations. The list of these
power stations and theiz_' installed capacity is given in
Table 3. The total installed capacity of the power system
thus works out to abonﬁ 1843 my, which consisted of 700 my
of hydropower and 1152.5 mw of thormal pover., The system
load for the year 1972473 is given in Tahle 4.

| The installed capacity, peak capability, peak
l_qac‘i‘;, gross-margin, Lnergy potential and Energy require-
ments for the U.P. Power System as given in the 7th Annaul
‘Electric Power Survey of India may be seen fro:_n ‘I,‘able S
‘This mkes & quite interesting s_ﬁuﬁyg The figures from
1968-60 to 1970-71 in the above survey represents the
‘actuals over the years and these from 197172 %o 1974-75
are projected figures. The survey indicates that there
will be no shortfall in the peak capability of the system
if the projected _'f:tgufesvaxje achicved, But there has been
shortage in the energy potential from 1971-72 onwards
tough prior to ﬁhat period energy potential had 'ba;»anged‘
the energy reyuirements. This is 3 grim picture for the
state so far as growth of generation is concerned and if

this unhappy trend is not arrested, chronic shortage of



of power will continus in the future as well. Eventually
this would be 2 g big blow to the growth of Indusitry in
the region.

t‘:omparing the projectad figures of 1972-73 with
the actuals, the picture 1s even more disiuleting.while
the podk demand beirg 1588 my reached nearly the project-
od target, the installed eayacity end consequently the
pedk capability remined far short of the target, which
means that the system fell short of both in its peak
capacity 8s well as anergy potential and not emergy
potential alone 8s reflected in the survey, The maximum
and minimm daily load, average load and load factor of
the U.P. Grid %o which Yamma Valley Power System will be
connscled are shown in Table. Iwo daily load curves for
the Gangé Sarda Grid during peak periods ars alsc shown
in ¥igs, From ‘ghése curves it is seen that there isa
zarge gap betwsen the demam and supply and if Qowér poien=
tial 1s not rapidly developed in the region chronic shore
tages in future is not ruled out

2.02 BAGIS OF PLMFNING oF HYDRO PMNTu

out of tho 8 hydro power stations only Riband and
Obra complex has storage hyiro plant. Matatils power
plant utilises the irrigation releases for pover genera-
tion, and all ths rest are run-of-the-river and canal
plants. None of the power plant except Bihand Complex
have any regulation facility. They are entirely dependent



- on the river floﬁa and accordingly generation pattern
gubjeet from them follows more or less the hydrograph
pattern subject to the installed capaci‘éy of the plant.
Thgylare run as base load stations to uti;ise the ava;,-
1able flow to the maximum extent. As the flov during
monsoon is moTe, generally the power generated by these
plants is more during this perlod and it gradually reduces
with the decrease in flow.

| Storage hydra plan‘b usually take tha peak load
of the system. i-he. basis of planning of the existing
storage and run-of-river hyiropiant in the system is &s
follovs: |

(3.) RIHAND - QBRA

This 1s tne largest and so called single storage
hyiroplant of U.,P. pPower system located across river
Rihand in the eastern part of the State. Riband power
plant has an ingtalled capacity of 300 MV consisting of
6 michines of 50 M each, It 1s desighed for an annual
load factor of 33%. The continuous power is 106 Mi .
The annual energy output is 900 mkwh.

Obra Power Plant which utilises the relsases from
Rihand Power House hes on installsd capacity of 99 My
consisting of 3 machines of 33 Ml each. The annualload
factor 1s the same as Ribend i.c. 33%. The anuual energy
output is 300 mkvh,



(11) MATATI LLA
This is a small storage hydro plant of 30 W

installed capacity with 3 machines of 10 M4 each. 1t
gets filled up with early rain and thereafter it is
run as & base load station. For the 3 Zonths, July,
Mugust & September it generates continuous power in
accordance with the installed capacity and for the
balance 9 months it generales power according to the
availability of stream flov and Irrigation require-
ments which is the min purpose which Matatilla serves.
When Irrigation requirement is more powor generated 1s
more and when the requirement for 1rrigation is less,
less power 1s 3@9"’"“9@"; _Subject to availability of
water, power generation is guided 'by the requirements
of Irrigation. |

(11‘1) GANGA CANAL POWER HOUqu

This consists of a growp of 8 smll pover houses
on the Ganga Canal having a total installed capacity of
45 Mi., Tho offective capacity of these pqwei: houses 1s
only 30 Mi. So even if more water is available in the
canal the same cannot be utilised Yo produce power
according to ‘the installed plant capacity. The effective
capacity of this group is decreasing every year. For.
the present for 6 montbs £rom May-to October full power
is generated subject to effsctive capacity of the plants
and for the balance 6 wonths only about 50% power is
produced. The annual load factor is around 70%.
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(iv) KHATIMA |

This 1s & canal power house with installed capacity
of 41.4 W consisting of 8 machines of 13.8 M capacity
eachs It generates full power during summer and rains i.e.
for 6 months from May to October. For the rest part of
the year it generates about 50% power,

2.03 RBS“NT OPEBA ON

All the above hydro stations form {Aart o:f the TP
System, Presently they are run in integrated gsysiem
comprising of mainly thermal '_agxd bydro stailons in
_accordance with the system load.

. Under such a situatj.on j.ndividual design of 8
bsﬁ:oplant is not relevant now. The system must be consie-
dered as & unit for any proposal for additional power
station. Generation and transmission would now require
evaluation and o%p optimisation for the prq:)ecte_d loe_»d'.‘
In this regard opera‘hion rassarch techniqu'es are partie
cularly maefu.‘l. for systematically evaluating the decision
variablas.

- In such a process, the installations that are
already in existence would he mostly constrained by
their characteristics and capacity etc. The installa-
tions which are under construction will also introduce

- consiraints so far es opiimicsaiion from them is céncerned '
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But for all proposed installations there would be & lot of
flexibility and decision variables carrespondmg to the |
obtimal design can be arrived 6%, This would require framing
of a suitsble operation model of the systems for simlation
which is considered to be the best method for solving the
Werall promem. Other tacbniques such as Mnear programming
and dynamic programming are not cag:a.b e of solving the over-
all problems but can be applied to Muited portions.

2+04 NDED FOR REVIEW QF O?ERATION

~_ The objectives of water resources system cperation
are usually fixed for any particular plan of development. |
These are expressed in terms of operation rules that specify
quantities of water % be released and diverted, qua'ntities
of power to be generated, reservoir storages io he mintained,
mandatory releases for downsiream eommitmen;t etce Those
systems operation rulss will immediately-get upset as soon
25 a new installation comes W in the system. 5o when & new
sehem is proposed to be added to the system, it would be
necessary to study agéin the overall problem and the effects
that the new installation would have on the existing system.
The entire system would again require.optimisation to work
out the optimal sizes of the proposed development, The p#'o.._.
cess of review and optinﬁsatiqn‘is Am‘c";' only a.ppiucable for
addition of new generation but transmission 8lso.



TABIE

INSTALLED CAPACITY OF U.P. POWER SYSTEM
(38 an 1.9019?5)

Nome of Power  § Hyaro/ 1§ Installed

Station ¢ Thermal ! Capaci-ty ¢ REMARKS
. 8 MW |
Rihand Fydro 6x5’0 300 Stage Scheme - 105 MW - firm
‘ ‘ - 900 mkwh units per year
Ovra Bydro 3x33 = ~9.9 .
Cchibro Hydro 3260 = 180 ©One more unit of 60 Muwill
(Yamuna stage IT) be commissioned within a few
. .. months
Dhalrani Hydro 3x11. 25-33. 75
Dhalipur Hydro 3x17= 51
Kulhal Hydro 1210 = 10 2 more 10 MW units will by
be comissioned shortiy.

8 Power stations These are small hydel power
of gstations and the effective
Ganga Canal ‘Hydro . 4§  papacity is about 30 MW & is

decreasing every year. akbhar
Khatima Hydro 3x13 8=1|-1 o m 3w awxbiabde showt Yu
»od copebde. L.F.50% approx.
Matatila Hydro 3x19 = 30

N.B.

Small micro hydel sets installed in the hills aggregating
to about 2000 KW have not heen included in the above figures,



Name of Power ] Lydro/ Jinstalled 4§

Station § Thermal {Capacity i BEMARKS
, ] § in MW 1 ,
_ Obra . Thermal 5x50 = 250 One more 100 MW set will
be comgissioned shortly
Ronugagar Thermal = 2x62.5=129
Panki Thermal 2x32 = 64
Kanpur Thermal 87.5 Being cld, effective
(River side) - : "~ capaf€ity is only 50 MW
Mainpuri THERMAL 1C These are old power
stations and the effect-
Mau Gorakh- Thermal L5 ive capacity 1s only 35 MW
pur Sochawal ‘ ‘
10 MW each
Harduagand

A= Power House Thermal 3x30 = 906 Being old effective
' : ecapacity is only 75 MW

B- Power House Thermal 2x50)_ 210

2x55)°
Agra - Thermal 20 ; These are small thermal
Lucknow Thermal 20 % Power Stations and
Varanasi Thermal 15 g may perhaps close down
Allahabad 10 3 in a few years due to
Chandausi 6 )

being old.

TOTAL 1152.5 MW

014 less efficlent Thermal Stations 303.5 MW
Effective Capacity 210 MW

Efficient Thermal Stations 849 MW
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LIKELY ADDITIONS TO THd SYSTEM FROM SCHEMES UNDER CONSTRUCTION

Name of Power §Hydro/ Installed RAnticipated date of
tion erms M.W. icemmissioning
Ramganga Hydro 3x65 = 195 Expected to be commissioned
by 1975-76
Khodri Hydro 4x30 = 120 Expected to be commissioned
in next 2 years
Rishikesh Hydro kx36 = Mk Expected to be completed in
Hardwar next 3 years
Scheme
Manerivali Hydro 3x33 = 99 "
Stage I .
Add for Chibro & Kulbal 80
638
Pankl Thermal 2x110 = 220 Expected in next 2 years
Harduaganj - Thermal 2x55 ).
Bobouss House O Ix110) 220 Expected in next gyea,rs
Obra ‘Thermal  3x200 = 600 Expected to be completed
in next 3 years
- 2x200 = H00 Expected in next 5 years

WO MW
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CHAPTCR = ]
LAKHUAR = VYAST _SCHEME é

3.01 YAMINA VALLDY m;vnm?wmzr FOR HYDRO POWER-

In the Western paris of Uttar Pradesh, Yamuna

Valley Development Schemes provide a large hydropower
potential which is now being tapped for augmenting hydro-
capacity of the system. Laklwar - ?ya_tsi_- project is one
of the projects under this development progrommes A brief
deseription of the Yamum Valley Development Progran is
given below. Fig. & may also be seen in this connoction.

~The river Yamuna and its mjor tributary Tons
provide a large irrigation and power potential on account
of their peremial flow and ‘phy_si,ograp,hy. Presently almost
the entire non-monsoon flow ls uiilised for Arrigation frou
tho headworks 2t Tajewala. V'z‘.he_péwe:" potential which remain-
ed untapped previously is now being developed in @ phased
mnner, Investigations have been made for the past two
decades for a comprehensive development of the availabls
waisgr resources by construction ¢f a geries of run-of-the-
river and storage schemes. As a result of this a number
of power schemies have come Up in series for maximum utilisa-
tion of the water resources for generation of power., The N
Pover houses which are already constructed are Dhakrani and
Dhalipur, Against the power houses umder construction Chhibro
and Kulhal power houses are nearing completion and Khodri
power house 1s 1in progress.



~ In the next phase the projects which are under
active consideration is the lakhwar-Vyasi Scheme. This
projoct will affect the power generation from the Yamuna

. Hydel schems ~ Stage I projects of Dhakrani and Dhalipur,

and ,K_.ulhal Power Station of Yamuna Hydro~Llectric Schem
Stage IV, ‘

3.02 JAMONA BYDEL SCHCI‘!D BTA&« 1

~ Yamuna Hylel Scheme Stage I is 8 run-of«-the-river
scheme for gencration of power u»il&%ﬁ.ng a drop of about
50 m aviilable in the river Yamuna botweon Dakpather and
Phalipur near the conflusnhce of river Asan with Yamuna.
This bas been achieved bY the construction of a barrage
at Dhakpathar (just downstream of confluence of Tons with
‘Yemuna) to divert the Fiver supplies into & power channel
and géngrat;.on of power at twe power stations. The releases
from the pover house join ths river Asun & little up stream
of 1ts confluence with Yamumna, The Stage I scheme comprises
ths following workss |
(1) Dakpathar barzage wvith 25 bays of 18.3 mebers
) ‘each across the river Yamuma to divert river
water to the power channel leading to Dhakrani

Power Houses

(11) Pover channel 13,6 km long with a capacity of
200 cumecs for feeding the power houses at
Dhakrani and Dhallipur,
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(111) Power Station at Dhakrani, 7.8 km from Dakpathar
' with installation of 3 machines of 11.5 my each.

(iv) Power Station 4t Dhalipur, 13,6 km from Dékpather
with installation of 3 machines of 17 Mi each.

(v) Tail race channel 0,6 km long falling into the
' river Asan, 1.5 km above the confluence of rivers
Asan & Yanmuna, |

(vi) Barrage across river Asan to divert its flow as
| well as the Telesses from Dholipur Pover House
to generate further power. ‘rhe barrage is 288 m
lorg having 14 bays of 18.3 m lengthe This diverts
¥ vater through & power channel to K%!lm,mwer
bouse under construction which will utilise a
fall of 18.4 m available between Asan barrage
- and villago Kulhal on the lefi bank of river
Yepmna.  The barrage has pondage 1,6 mm® of
water and is designsd for 1600 cumscs discharge.

3068 YAMINA H@BOELECTBIC SCHEME BTAGE IV:

I% consists of Kulhal Power House with mstalla-
tion of 3 mchings of 10 MV each. The tail race channel
downstream of the power house 18 0435 km long and joins
river Yamuna.

The above mentioned works under Stage I are
already completed. Only one 10 my unit at Kulhal power
hou station bas been commissioned so far., Apart from
the abiove schemes, presently Stage II works are going



on, & greater part of which is already completed.

A brief description of the Stage 11 scheme 1s
giV@ belowe

3«05 YAI‘WKA IIYDEL SCEBBE STAGB II

o tage 1T Scheme comprises of tbose across river
Tons, ‘ahe major tributary of river Yamuna. Fundamentally
4% envisages the utilisation of & fall of 186 m available
botween Ichari & Dakpathar in river Tons. The scheme
consists of two parts 1.8, (&) Part I and (b) Part 1I.

(1) dﬁquion dam across river Tons at Ichari, .
{o divert the river flow %o Chibro power house.

(1) Underground power hmu;e at Cl;i‘bro wh_i.ch utilisfes
' a head of 124 m for genevailon of power from the

flow of Tons diverted &t Ichari. It i1s proposed
to instal 4 units of 60 ms capacily each in this
powers Out of this & _}_m;l.'i:g‘ have teen already
installed. The releadses frdm ‘this power house
is taken in & syphon tunnel across Tons to
Khodri power house for genaration of power. Tha
work is in progress for ;ngtallation of the 4th
unit at Chibro Power House.

The part II of the scheme consisis of utilisa.
tion of the releases from Chibro power house for genera-
tion of power by utilising & hgad of 62 m avajilable
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botween Chibro and Dakpathar, A 7.5 mdia tunnel 5.9 km
long and baving & capacity of 236 cumecs conducts the
water from the Chibro P.H. to The Khodri surface power
house located just wpstream of the barrage. 1t is pro-.
posed to instal 4 units of 30 m: capacity each in this

pover house.

Being on a gseparaie river, Lakhwar vxa_s,i',Scheme
will not have any direct influence on their generation
except tirough integraiion.

3.(}! PBGPQSED mmn.vma; PRGJECT

. This schems envisages zaonstruction of a storage
dam at Lakhwar and pickup dam at Vyasi for generation
of power. In case of Lakmwar dam, the power house will
be located at the foot of he dam. The Vyasi dam whieh
iz located about & km downstredm heading waters wpto |
toe of lakhwar dam will divert water through tunnels to
feed & surface pecwer house at Hathtari,

3.05 THE PROJECT A PRU”QvXSQ

. A 19z m high comrete dam has been proposed ‘bo
store 580 mn® of water with full reservoir level at L.l
796,00 m. The Yop of the dam has been fixed 8t E.L.800.0
2, This will create & maximum gross head of 166 f'or
pover genoration at the foot of the dam, Installed
capacity of 300 my consisting of two uniis of 150 my
each has been proposed for the power house. Another
auxiliary concrete dam of height €1 m 1s proposed 5 km
downstream of the Iaklwar dem nesr Vyasi., Waters
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callectéd at the proposed Vyasi dam will be conveyad
through two 7 m dia. power tunnsls each 2.5 km long to
a surface powear bouse at Hathlari with an installation
of 240 mw consisting 4 units 60 mw each. Both the
Lakhyar and Hathiari power houses are proposed to be run
ag peak load stations and & barrage at Kadspathar, 2.5
km downstream of the proposed Hathiarl power house, will
sorve for bulancing the discharge frﬁzﬁrﬂaﬁhiari. A
uniform discharge wili thus be re.ie%ed from Kata-
pathar, S

The Lakhwer Vyasi project would thus add 540
my of peak power %o ?ha UdP agrid.

The gross storagse of the reservoiy behind the
Lakhwar dam will. be 0,47 m 8£%.(580 mn®). The sediment
load for 100 yéars life of the reservoilr hus been estl-
mated Yo be Q.2 m af¢ (eé?hmg) which corresponds to
E.L+ 752400 me The live siorage of the reservolr will
thus be 0.27 m aft (333 mwS) corTesponding to E.L.786.0
m. It i stated that the G‘eo’logical conditions are such
that the depth of astripping increases considerably above
" B.01s800.00 along the left bank, The quantity of excava=
tion and conerete would therefore increase disproportion-
ately with the height of dam if 1% is carried higher
than §.L.800.00, .

The irrigation bagnefits from the project will
be derived dve Uo Ancreased rogulated f£lows through the
power houses on account of starage created at Lakhyar
roservolir, |
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3.06 OPCRATION CRITERIA

» Lakhwar-Vyasi project is essentially & power
project for generation of peak power. The grid requirement
of peak power is maximum during winter. The system load
figures of 1972-73 shows that the maximum load during Winter
vas 1588 mw which is the annual peak :tofc the year. The
criteria for release of water from Lakhwar dam has boen
fixed for release of water in a manner that onsures generaw
tion of atleast a specified proportion of the annual energy
output in accordance with the system load. This will enablo
the system %o have the reduisite load and energy capacity
in different periods in conformity with the load curve.
Water svailability at Tjewals being more than irrigation
requiremont during the monsoon months of July to October,
the status of Irrigation will remsin unaffected during
this part of the year so far as the effect of Lakhwar dam
is concerned. But in the nonmonsoon months from NovombseX
to June the utilisation of water for Irrigation ls severaly
constrained by the stream flow. Therefore, at the least,
the existing contribution Lrom lLakhwar must be relsased
during this pericd so as not to disturb the existing
irrigation facility. The inflow at Lakhwar during the non-
monsoon months from November fo June therefore becomo
mudatorys. It has been ensured that the releases during
this period did not fall below the inflow which iz manda-
torye. The system load demand pattern will invariadbly meet
this requirement dbacsuse requirement for power in general
is more than what the normal inflow can generate during
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this period. The additfonal water over the inflow released
in this process produces additional power in the &ownstrm
The run-of-the river plants and addiﬂonal nrigation from

Téjewala head works. '

 With this baclground, the following criteria
has been adopted for reservoir cperations

(1) Operat.i.on sm‘bs with resarvoir tull at the and of. _
) monsoon i.e. Ist November, The surplus water available
| during monsoon goes to fill up the reservoir.
(2)  Reservoir will be empty at the end of nonmonsoon
~ poriod L.e. at the ond of June.

(3)  The monthly releases from the reservoir are in

accordsnce with the monthly energy distribution
pattern of the system. | |

(4)  Additional release during the nonmonsoon pariad

' produces additional power at the downstream run-of-
the-rgver plants in accordance with theilr flow-
enargy :.'_elati.onsmm the average head bsing nearly
constant.

The reservoir operation studies have boon made for
904 availability inflow.



SYSTEM DESCRIPTION OF THE PROBLEM FOR SOLUTION

4.01 HWDROLGY | ‘ |
- Discherge date of :1ver Yomna at Lakbwar is available -
for a short pericd of 7 years only from the year 1968 (Appen-
dix I) ¢o 1974, This is not adequate for the purposes of
design. Therefore it has been decided to use the extended
data for Iakhwsr as given in the project report (Appendix 2).
90% availability figures have been worked out from the above
dhta in aceaidance‘with the dependability eritgria for powver
supply schemos. fhesa aro shown at the end of Appendix 2.
From the extended data the year 1939 has been discarded &s
an extreme event to arrive at the 90% availability figurass.
'Qhe annual inflow thus works out to 15550.cumec—day; The
‘average inilow fron extended data is 20,700 cumsc-day and
that from the observed data is 20,774 cumec-days, The
lowest flovw recorded within 7 years of observed data is
15,320 cumac-days. |

4.02  RESERVOIR
The characteristics of the preposed Lakhwar reser-
voir is shown in Table 6 below ¢
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mﬁ,ﬁam = 4]
—TTTTTT LU | o
EoLs :{ - ARTA i Ga?i;a) CAPACTTY %cumc.-mx
— X 1
760  511.5  235.49 2720
752 53047 247.0 2860
778 78040 . 407.08 | 4710
796 - 96540 58040 6710
800 102245 . 611449 7080
806 10700 | 672,25 7780
810 1120,0 . 721.59 8360
814 116040 | 770493 8930
817 1200,00 800.0 9260

The mazimum possidble dam helght has beon pre~decided
on the basis of the following considerations s

“The Geological mVeatigation» caz‘ried owt; 80 fa,r show
that a d.am with its top wpto E,L.821.0 can be constructed at
this eite after taking proper procautions for the left bank
spur. The height of the dam bas beaﬁ considered maximum possi-
ble on account of the rock and the topographic features of the
deft bank spur. There 1s however deep overburden of the order
of 60 m at the highest elevation of the left spwr at E.L.860,0
and a fair quality of rock can be expected at about E.L.810.0 m
only. Hence a dam with top below eleVaggx)x 810 n would be preo=-
ferable :!.‘rom geological point of view" .

-
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umm.ﬁw. |
‘Ceonomic studies included in the project report

states that the concrele quantities above E.L.800.0 m
increase at a faster rate in proportion to the benefits,
deyived fronm 1%:‘9&@9{} height, Accordingly the height
of the dam 1s sought to be fixed with ,tc:p at 800.0 m.

A Due to above cons‘lz'aints mximisation of power
Qutputz has not been attemted for higher levels oa‘!
storage beyom 810#0 My

The storageuelevation and areauelavation plot
of ‘bhe reservoir is shown in E‘igge.

g For ar:l.d and sem!.arid x‘agiona evaparatﬂ.cn from
the resex-vn:!x would be comsiderable and therefore this J.oss
need be considered in the design. The procedurs used to
caleulate ovaporation losges is the use of evaporation
coefficients which are the average monthly evaporation
rates :tc;rwvariqus_»e}nnths of the year opse:sied in the area.
The a.monnt of evaporation loss would be given by the

equation

Where E c{; represents the evaporation coefficient or
the depth of evaporation during the period t. Butl simce
At is a function of storage, flow, release and evaporation
loss itself, & direct estimation of E Vi is not possible.
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This 1s calculated by successive iteration in the operation
model. The monthly eveporation coefficients as given in -
the Lakhwar project report are shownh in 4ppandix 3.

4,03 PROPOSED POWIR PL LANT

_' _ The average tail water elevatlion for the pwer
plant at Lakhwar dam 1g E.L. 630.0 m. The peak up dam
2t Vyasi located downsiream of Lgkhwar dam diverts the
reloases from Lakhwar power house to feed Hathiari power
house. 'l‘he average tail water level for Batbiari pcwer
house is ELS1345 m{zm._ The two power houses _ha%re
therefore been combined for purposes of calg¢ulation.
Corresponding to different s‘torage levels, Energy produc-
tion rate has been worked out assumng the overall effli-
ciency of the power plant as 85%. | ;:na_zjg;r production in
kilowatt~hour per cumse day of water at different sleva-
tion is given in Apgendixié. In %he opsration studies
these yalues have been used. ' Other factors such as varia-
Tion of plant efficlency with head, turbine leakage, opera-
ting efficlency under partial losd etc. have not been taken
into consideration in the present study.

The storage~energy production rate and g‘torég;e-
area plot is shown in Fig.7. The relationship utilised
1s, power = 8433 Q.H. where Q is the discherge in cumec
apd H 4s the hsad in meter.

The emorgy demand coefficients for different
months 4re given in Appendix 4. In absence of daily
doad factor, theBe are arrived at by averaging the maximum
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.and mm::m load of éaéh day and multiplying it with.
24 for finding the daily energy requirement. The sam
‘has been added Wp for all the days of the month to
arrive 8% the monthly requirement of energy. The
ratio of monthly & the annual requirementi has beqri
foundout for each month. Though these coefficients
are only approximate they may ve teken as fairiy
indicative of the monthly energy distribution pattern
of the éysi:am.r

4,0¢ DIVERSION STRUGIURES

| ﬁamatnar harrage agross 'xamma locatad dam~
s‘hre&m of Laklwarn‘?yasi preoject is remvant in this
mnnaetian (Fig;i} . '

Aa already s:.afsad, t:his barrage diverts watet
'%a Bhakram pover house. The waximum water that coen be
diverted at this point is limited by Phe exisiing power
channel cepucity of 200 cuticcs. The diversion is 8lso
constrained by the fact that waier in excess of the
installed plant capacity is of no use. The relesses
from Dhakranl power house is fed into Dhalipur power
house and the releases from Dhalipur are let into Asen
river upstream of Asan barrage for diversion to EKulhal
povwer house. The pover c¢hbapnel 4s 4 km long with base
!;Iﬁ.d th of 11 m and side slope 1.5 ¢ 1. The bed slope of
the power channel is 0,15 mykm having a discherge carry-
Ang capacliiy of 300 CuTEC. A bye-pass for full distharg-
ing capacity is provided at the pover house to escape water
in the event of sudden closure of the pewer house.
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Lakhwar storage scheme will h;ave a direct offect
on the three run-of«the-river power plants Dhalkrani, .
Dhaljpur and Rulhal, For the purposes of calculation of
additional power on account of Lakhwar storage schema,
the tiree power houses have been combined. The t;oml.
average hedd for the tiree plants is 68+ m, Assuming
86% ovexrall efficiency of plant ono cumac-day will

produce o .
LEIAXZRALZ
107 - :

- = 1/73 mlmh of energy Af passed through all the
three piants, This relationship has been utilised in
calculating the addiiional power thet would be available
from the ._-‘ht;'i.-‘_‘ee Tun-of-the-river plants due to regulaiion
of discharge by .MKhwar storage scleme,

4.06 MANDATGRY RULEASES .

~ There 1s 8n established irrigation :f&cility ag
2 downgtream point namely Lastern Yamne Canal (BYC) and
Western Yamua Canel (W¥C) Irrigation systems druwing
vater from Tajouala headvorks, ANy atorage soheme Gaken
up in the upstream, will affect the water availabilily
a% this diversion and consequently affect the exisiting
Irrigation facilities. This is _né:‘.ther desiroble nor is
1t tolorable by the beneficiaries of the facility. So 1t
is mmiatory ocn the part of the planner too see that the
present rights are not disturbed a{ the downstream point
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dus to construction of a reservoir scheme in the wpstream. '
So far asg Irrigation from EY¥C & WY is concerned, no diffi-
culty will be faced during monsoon months from July to
October oven if the inflow at Lakiwar is held up in the
reservoir for use in the nonmonsoon months, Inflov at
Tajewala is more than the requirsment during monsoon. But
inflow at Tajewala dwing non-rousoon months being less
than requirement for Irrigation it is necessary to ensure
'tl‘m‘.j. at the least, the entire inflow during the non-monsoon
at the Lakhvar site is Yeleasad %o ths douwnsiream so as not
_to disturb the existing Irrigation facility. This has been
ensured, In fact due to regulation of inflow, the releases
during %the non-monsoon period from November to June is
invariably more than the inflow during that period., The men-
datory releases from Novemper %o June are shown in the
Table 7 bolows

lonth h Mand atoryhggle&sw.
N ovembexr ) 980
December 680
January | 570
Fegbruary S60
March 580
April 660
My | 840
June 1475

Totals 6356



Any planned effort is directed towards a sget of
development objectives which, supposedly, reflect Society's
desire for some changes in physical economic & social environ-
ments. Formilation of a project proceeds in two directions.
The first is the identificailon and elaboration of technically
feasible alternatives. The secord is the evaluation of such
alternatives to seloct the most economical one. There are
various measures of profitability such &8s the Benefit - Cost
ratio Rate of return, present value of net benefits etc.which
are utilised both by private and public sectors. The computa-
tional mechanics of each of these methods is universal, but
what constitutes costs and benefits of a publi¢ project and
how they could be measured and valued have been a controver-
tial subject among economists. I% 4s said that the parameters
for project evaluation for a developing country should in
general reflect the social and economic environments. However
;praur_casgvﬁhe trad;tiqnéllobjeetive of maximising the net
economic benefits has been employd. Other objectives involve
ing social, political, ecolegical and enwironmental values
have not been considerwd, because it is extremely difficult
at tho present stage to quantify these values in ternms of
money.

In general, water resources'services are provided
on a gusranteed basis. Services in excess of the commi tment
@reg usually of minox valﬁe; because the community is unpre-
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pared to utilise thom offectively. On the other hand,
shortages in such services can be exiremely cosﬂy,beeaﬁsa
soclety has integratel these supplies into its delicate
structure and shortages can disrupt social activities

. seriomly.fg?-

| :[h._ cage of storage hydroplants in an interconnect-
ed sys tem with predominantly Thermal plants situation is a
little advantageous. Here, in addition to the firm power,
a large block of secondary power during the periods of higher
inflows, can be effectively utilised to serve the system
doad, | Absorption of secondary power in the system saves fusl
cost of thermal plants and also improves the rellability of
supply from integral system. The larger the system on which
the powsr is used, the mors valuable the secondary power my
becoms for the reason that large systems have flexibility and
diversity of use.

| For fix.ing the scale of development mxinﬁsation
of net econom.c benefit;s (B = C) is generally recommended.
This criterion has baan ‘adop‘had to evaluate the different
alternatives. Therefore the expression for the net aconomie
benefit ( B - C) would be of the form g |

% = Max. [Annual benefits from energy generated at Lakhware
Vyasi project and from additional energy generated
at Dhakrani, Dhalipur and Kulhal power houses due

%o increased supplies in lean months from Lakhwar-
Vyasl Complex (B,)
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Amnual Benefits from Secomdary pover (Bg)

+ Annual bonefits from Additdonal Irrigation (Bg)

-~ Annual equivalent of capital cost of };akhwar -
Vyasi Complex (C;)

=  Annual maintenance cost of dam and 'appm'ten_ant

| works (Cop) | |

=~ - Annual operation and mamtenance cost o:t Lakhwar -
Vyasi pover plants (Cg) .

« Annual incremental operatianal cost of additional
pwer from Dhakrand , Dhalipur & Xalhal Power
Houses £C4). ) » |

~ Annual equivalent cf capi*bal cost of additional
irrigation systam (05)

~  Annual mainiensance cost of adciitianal 3,rmgation
system (Cg)| |

or ““[sl-;- Bg-rsa-cl-cg-ca-céucs-cs]
Where % stapds for the net a.nnual banefit.

| The above expression has been ovaluated in the mext
para for four different levels of development considered,
All benefits and costs refer to & coummon point of time that
is the end bf the construction period.

eroelactric power may be evaluated (1) in terms o:t

the cost of capacity and energy from the most economical
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alternative source usually thermal or sqmatime diesel power
or (2) ths highest price which the users are willing to pay.
This has baen taken as 12 paise per kwh. The energy bex"ie-
fits from Lakhwar-Vyasi project are taken to accrue on
completion of the project and continue for & period of 100
years which is the designed 1ife of the project. In eco-
nqgv'd_,q_,evaluation 6% of the energy has been deducted towards

lossas,

_ zmnual benefits from additional energy generated at
Dhakram, Dhalipur & Xulhal due to Lakhwar-Vyasi complex:

~ The surplus water of river Yamuna at Lakhwar during
monsoon will be utilised to f11i up the Lakimar reservolr.
The inflow from Tons and the initermediate catchment would
be sufficient to meet the needs of irrigation at Tajeowala
during this period. Releases from Lakhvar at any time will
be in accordance with 'the‘reguizfemnts for powsr generation
during that time. Due %o this regulation at Lakhwar dam,
fliow in the nonmonsoon months will increase in the down-
stream (Table 8 to 11) and this additional flow will gene-
rate additional power in the three downstream power houses,
It 1s seen that generally flouw 1# more than relsase for the
four monsoon months of July to Oclober., For the balance
oight months releass is more than inflow. Thus the addie
tional flow (Rg - I_é)_ will genorate exira easrgy in the
downstream run-of-the~river plants (Table 8 to 11) in
accordauce with their flow-energy relailonship. For the
purposes of calculation of benefits from this additional
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energy from Dhakrani, Dhala.pur & Kulhal power houses on
account of the Lakbwar Storage Schems, the same Traie of
12 paise per kwh has bean  adop ted. _Figures 9, 10y 11, 12
show the additiomal energy gemerated im the downstream .
power houses and that from Lakhwar-Vyasi complex for |
difforent levels of deveicpment.

| Howvever ons important aspect which mst be horne

in mind is that, alongwith the sdditional benefits that
accrue to ILakhwar-Vyasi Scheme on account of generation

of additional pover in the dowmsireanm run-of-the-riyer
plants, there is also an eloment of indirect cost involved
for the scheme, in as much as, it contributes to the reduc-
tion of plant factor of existing installations @ﬁrif’g ralny
segson_,. Bhe:g;/ roquirements being less during this period,
The available capacity cannot be utilised in full which
result in reduced capacity factor. For'a::riving at this
cost & detaile analysis of the available capacity, power
potential, and system load is necessary. For the present
study, & 25% reduction of the value of the additional
benefits has been mads i:o take into account this aspact.
The percentage adox)teﬁ is only yualitative,

{11) Annual Benefits tram Secondary Power (BQ)

- u.‘he annual benefits discussed earlﬂ.er are for
primary power only. Besides the primary pover there
would be socondary power im years of higher inflows. The
value of secondary power is equal Yo esseniially the saving

in fuel cost of a thermal plant on account of ébsorption



DISCHARGE (CUMEC-DAY )

30000

25000

20000

15000

10000

5000

1

|
|
|
!
|
[
|
|
|
I
|
|
|
[
I
|
|
[
|
|
|
L

1 1 1

| | |

L

|

10

20 30 40 50 60 70 80O

PERCENT TIME

FLOW-DURATION CURVE

FIG. 8

90

100




43

of that energy in the system by shedding of load from
thermal plants at such times.

| Secondary power cannot be guaranteed but 1s availa~
ble more than half the timo. Besides the secondary power
there will also be certain amount of dump power with
reduced availability which has not boen considered here.
Since ine secqndarj power 1s taken ag available for 50%
of the time, the present, value of the bemefits have boen
found out over & ¥ime horizon of 100 years with interest
rate of 6% and the annuity corresponding to this present
value is taken as the annual benefit from secondary powar.
The details of economic _quélfuat_ion my be seen in para
5.02. The availability of secondary pover is indicated in
Appendix S. The saving towards fuel bas been taken as &
paise per kwh of enorgy. The flow duration cufve for the
actual observations is shown in Fig. 8.

(ii1) Annixal Benefits From Additlonal Irrigation B3)

_ As more flow would be available during the non-
monsoon months from Novamber to June, due %o regulation
of discharges at Lakhwar da‘m‘,r irrigation from the down-
streoam existing irrigation-system can be increased. It
my bo seen from Tgble 8 that the Yotal inflow at Lakhwar
from November to June befors the consitruction of the dam
{20% availsbility) is €355 cumsc-day and after cousiruc-
tion of the dam the total raloases for the abkove perlod 1s
10280 .cumsc-day on en average, for the four different
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levels of developument studied (Table 8 to 11). During

the nonmonsocon period therefore, 3925 cumac-daysas,eco ha.m.)
more of water would be a‘vaj,léble for additional irrigation
in the EY¥C command. From this amount, conveyance losses
enroute my bo deducted %o arrive at the net additional ”
Quantity of water avallable at Tajewvala from quembe:‘r to
June. Adopting the same loss rate enroute é.s taken in
Lakhwar-Vyasi project report the total loss works out

as bolowse

(1)  November to February @ 30 cumec-~daily = 8600 cusec-da
(11) March to April @40 cusec daily = 2440 ®
(111) May to June @ 50 cusec-daily = 3050 *

_ W snm—
TOTAL = POROcusec-da]
= 2220 ha.m,

- Net water available at Tujovalaafter deducting
losses enroute = 33900 - 2220

A = 51,680 la.m,
Deduct 45% losses in the distribution system and field

chamels | = 31,680 x 0,45
o - o . o = 14,250 b&‘-m.'
Water available for irrigation = 31680 - 14250

® 17,430 ha.m,

. The direct benefits of new or additional irrigation
are the difference betwaen the snnual nat income from farm

produce "with irrigation" and the annual net income

- -~
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®ywithout irrigation®. This incerease in incoms has been
%aken as B.S00 per écre. The cost stream mnsistg of

the annual equivalent of the capital cost for the addi-
tional irrigation system and its annual maintenance cost.
Capital cost of the additional irrigation system has been
taken as K.800 per acre and the cost of maintenénce &s
Bse10 per acre. _irrigat@on'bganiys_mu continue to
accrus for 100 years from the time of completion of the
project,

_ Assu.mj.ng an average delta of 0.,34 m, addita.oml
area that can be provided with irrigation

= 17430/0.3% = 51,300 hae
3 (126 000 ac.) _

- So the firm conmtmant for additional irrigation
on the basis of the averasge delta adopted can be to the
extent of 126,000 acres. There wquld_be no change in
the status of irrigation during monsoon. The additional
surface water avallable for irrigation will be used in
con;)uneiaon with ground water,

(:lv) Amu.al Bquivalen'& of ng_:!.tal Cost :(Cl}

In water resources development projects, t:he annual
equivalent of Capital cost is taken to inclule interest
and depreciation. From the economic point of view, & given
lnvestment msans a freczing of resources which might other-
wige be used for moeoting other neods or for other productive
activitiess If their use for such needs is postponed



because of investment in the project there existis a
soclial saciifice, the value of which is expressed by
meens of the interest charge. The interest charge in
this case has been taken as €% |

_ Depreciation in water resources 1s the unavoid-
able loss in gervice value of a project dus to physical
deterioration. Depreciation depemds to a large extent
iqptbe.phygieal life of the engineering structures, The
depreciation charge is intended to assume that ths value
of the goods and services used in the projectis returned
to the national economy through the growth of incoms
before the project wears out. It follows that the annual
cost of the project should include an item equal to the
deprecistion of each of its parts in accordance with the
life expectancy estimated for them based on the cost less
the salvage value of the respective items. The sinking
fund method 1s the most suitable and commonly used
method for the depreciation of permanent works of water
resources development project. For working out the depre-
ciation in our case in accordance with the asbove method,
intaregt_:gtg of 3% and 90% recovery of the capital has
been adopted.

- As contemplated in the project report, the time of
construcﬁibn.of‘Lakhmaeryasi complex 1s taken as 7 years.
The capital cost will be incurred over this span of 7
years, The rate of investmsnt will not bs uniform during



this perlod. After stawt, the pmject work gradually
get s momentum gnd a peak rate of progress is achilaeved
during which t ime most of the work 1s completed, After
thils period the rate of Investment again decreasess
Invesdtment &ring this period is needed to complete the
finighing H emgs of wrk., The cgpital cogt is taken to
flow @ 53 fr the I& year, 10% for the 204 year, 157
for the third year, 20% for the next three years ond
10% for the last year. The single payment compound
amount (SPCA) of these sums have been ¢alculated to the
end of 7th year with 6% Interest. To arrive st the
annuial equivalent of capital cost, Interest rate of 6%
has been employed over 100 years, The 1ifo of the dam
is taken as 100 years and power production is to conti.
nue upto 100 years from the tims of completion, Hut
depreciastion for power plant and other stmetures has
been takén in accordace with the life span recommended,
Thq detalls of depreciation may be seen in fppendix SA.

(v) nnual Meintenance Cost of Dam & ippurtensnt W rks(Co)

"Thisg is taken as 0.258 of regpective cep It al cost.
This cost stream flows for a period of 100 yeérs from the
t ine of completion. The snnial malnt enance cogt for the
four levels of development 1s siown in pppendix A,

(vi) Amual Maintenance & Operstion Cost of Lakhwar-Vyasi
Pover Plat s (C3)

The opergtion and maint enance expenses of a hydro-
plant are generally classif ied under the following heading st




1. Operzt ing Labour ,
2. Maint enance Labour snd Material

3., Supplies
4, Supervision

Op ergt ing Labour:
gtention to equipment in a power plant is a

necessity. Bven 1if the operation may be automat ic,periodic
ingpect Ions are necessary so the operating labour is

not compl eﬁ ay eiiminat.ed in any case., Singe hydroplants
have much lesser number of unit s of equipment requiring
att ention then thermal plents the cost of operating labour
is much less aud is likely to remain constant for all

ranges of enermgy p 'mduatzion( 21) .

Ma;mt enance Lebour _'an& Mgterlal a5

my well managed plant will generally follow a
plan of preventive maint enance, ingpecting cleaning
overhanling apparstus on a regular schedule to fore-
st g1l the possibil ity of bregk-down during service.
Thig f£tem of expenses is magde up of two factors,
materials used in making repah‘s and part replafement
as raquired{ 1) |

- Sapplies 3

Supplies usuglly cover such it ens as lubricgt ing
oils, tools, wiping cloth ete, In gase of thermal plants
they may al = include water treatment chemleals ste. In
general any item that are not Ingluded in the c¢cstegories
of fuel(for themal plants) or malnt enance are c';’narges



to the suppl ies.

Sup ervision 3

Sipervision usually Indudes the salary of the
regular establ ishment,

For estimating the operatlon and maint enance cost
compr ising of gbove items for LalthwarVyasl power plant a
rate of 0.5% of cap it al cost has been adopted., The annual
maint enance and operation cost for different levels of
development has been shown in Mpendlx $A.

(vii1) Inoremental Operational Coss of Additiongl Power from
thakranl Ihalipur and Kulhsl Power Houses (Cy)

As already explained in para (vi) above, the inere.
mental operation and malnt ensnce cost of generating the |
& ditiongl power would be almost negligible. Only due to
an increase in plgnt factor there may be same oxt ra regquire-
ment of operating labour, maintenance labour an'd mgt erial
and suppl.ies. This has been taken as 20% of the normal
operstion costs Nomadl operation cogt for the additlonal
power is worked out on pro-rsta basls with Lathwar-Tyael

power,

(viii) mnual Bquivglent of Canital Cost of Additional
Irrigsgtion Syt an (Cg)

The Capital cost of the addiional irrigation
system has been woxked out on the basis of B.800 per
acre, The total cost thus works out to R.1008 1lgkhs,
The interest on cepital has been taken as 6%, The
amount of deprecliation has been caleulsted with 3%
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interet and 90% recovery. The depreciation amount
worksout to ms.1.5 lakhs, The economic 1ife is taken
as 100 years.
(1x) annuel Maint engnce Cost of Additiongl Irrigss ion
Sy am (Cg)
The maintenance cogt of the additiongl irrigation

systam as taken as ®.10 per acre, This cot streas flows
for aperiod of 100 years from the time of completion of
‘the pmject,

5.02 EVALUALION OF ALT SRNATIVE PLANS

(a) Alterngtive ne ¢

A gborage hydroeléct ric plant sgite will invariably
off er scope for different levdls of development at the
sane s e, The regervoir storage would be constrained
by the dead storage requirement as the lower limit and
physieslly possible maximum sborage for the site ag its
upper Limit, The maximum po ssible storage 1s guided by
the Geology of site, terrain conditlon and submergence
etec., Between these two 1ImE s 2 1arge number of altein
native plons of development are possible. As power is
dir cetly proportiongl to Ithe height *H' through vhich
the water falls, the storage at a higher level would
- megn mOre power and congeqiently more benefit s from
the project. Side by side the cost also incresses e
to the necessity of building a higher dam for the
purmose, S0 as the helight of the dem Incereases both
beneflt and cogt inoreases and as the height of the

dan benefit and cost incre se&s and as the height of
BN NS WD AR TN B r CONYIrR



tlie dam decreases cot and benefit decreases. There i s,
therefore a cholce for sdection of that particular plan
of development which 1s optimal among large number of
possible gltematives,

Por Lakhwer dan, unsult gble Geologi csl condit lon
prevent s making the das higher thgn about EL 810.0 m,
The dead storsge ls around EL 752,00 m. Within these
tw limit s 4 altematives have been studled correspond-
ing to full reservoir levels at EL 795.0, . 800.00,
EB 805.0 end EL 810.0 m. The 90% avallability inflow
( ppendix 2) has beenn uged for all the four ¢ases. mn
active cgpacity at 400 cumec-day has been provided in
each case. The minimum drawdown level in each case has
been fixed from the consideration of the full reservoir
levels ststed above snd the active cep ac Ky, |

A comput er program has been developed for opera-
t ion of the resevolr for the four altemative levels
of development, ' The flow chart 1is down in Fig. 13 and
the computer programme in fppendix 8, The Mlliowving
algor £thm has been used for the operation of the reservolr,

| mbject.to
0 B34 ¥
O R Men Ry « for 8 months from Tov., to June
Bf =C B A
Ey = ELjy + EDIK; « for 8 months |



& By = By -~ for 4 months fmom July to October |
By =R x PR (3L ;314-1)

: ( 84 +- )
B, =B EC x Ml ——2—3 L

131; sse e 12

where
81 = Storage & the begiming of period 1
I4 = How dxzriixg the period 4
Ry = Release 4uring the period i
B0 = Ewspomebbon logs GXKINE bhm pariodx
Y = aActive capacity
Man Ry = Mandatory release during the period 1
= Energy genersted during the period i
ergy demad coefficient for the period i

i

Ey
01'
E = Total energy genersted over the period
) 1 21 sesssl )
®R .(.fl.'fg&d:ll = Energy production regte, per unit vol,
| of water corresponding to 81 & §; 3 S age.
EL; = Dergy generzted in Lakhwar-Vyasd power house
during the period 1
EV; = Eveporation loss from the reservwir during the
perlod 1
BC; = Eveporation Coeff icient for the period i

AL (.S._i_%‘?iﬂ)z Reservolr surface area corresponding to 5; &
. f
314,1 Stageo
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To start with E 1s agssumed. The regervoir ig
opefated from full, The operation-is carried out over
12 months with 90% runoff figures. The value of releases
and storages for each period are found out, If the storsge
worked out to be slgnificemtly negst ive at sny time, the
ent ire eydle 1 s repested with reduced value of B, Thes
cont inues till the value of dtorage 1s within the l1imit
of prverm:lssible neggtive value, On the other hand 1if the
storage ramained signkfiesntly above the M.D.D.L. st the
critical month, the entire cycle ig repeated with Incress-
ed value of E, The end value of storage is al & checked.
If Sy2 exceeded Y but has reached zelo levels at the
critical month, m further scope exigts for increasing
power, This Indicates that active egpocity required is
more than that provided. If S, remaind less than Y,
i shows cgpacity provided ig 1arger than that required.
M 1deal solution 1s that which touches zero at the cri.
tical month and reaches Y at the end of the eycle.

The reasalt s of operation of the four altermatives
have been tgbulated in the following ¢t ables(Tables 8, 9
10411). These show the releases during different months,
total energy genersted in each month and that individuglly
from Lokhwar-Vyasl complex and the dowmnstresm run~of-the-
river plant s, Other detslls sich 3s the evgpporat lon losses
and the additional water available during nommonsoon gre
al » shown in the table.



A}
00°€08 = 3 pe3oeaxa
£08 _gesg'eg 03 *636E _or°eel

G°L8 . 9%°48 0°SH - - - 0 °SO - L6°e1 €€ °5931 0391  I9q0390
g°18 g*18 2l°’sS - - - 69 °8S ot *¥1 16°8¥%11 0%02 Jequagdes
8°6L 8%6L 2¥*6S - - .- gy 65 7oA N 6¥*113T 09L8 jsusny
a8 28 ©€0°'l9 - | - - €0°19 16°0T €T *963T SLLY ATur
96 96 90°69 00 £9°2 SLVT 30*69 £9°c1 £9 *LLFT gL¥Fl sung
g°g8 %6 99°0L 86°9 er*ols o8 8929 26°s1 €1°05e1 o Aey
g°e8 9°c6 93°89 oL’s 32 *168 099 9T %09 £%°01 23°1S9T 099 Tradv
2°8L g*°06 SP°L9 788 = €%y 089 16°88  Sg°01 £¥*°2031 089 Yo ey
€°92 g8 38°.S 8v*o €e'eLY 09 ee°1s 68°L €€ *ee01 09§ Lxenaqeg
L°S6 T*ITT  14°¢8 SS*1T - 68298 048 . 9T°TL 99°9 68°GI¥ T  ©u8  Laenuep
8's8 ¥°66 88°CL 61’8 80 °869 069 = 89°S® otl*8 80 ° 8831 069  Jequedag
g°06 296 90%69 P6°S - 6%°L8Z 086 rA RIS $9°6 6% °L931 086  IoqEoAoy
T T ¥ ... W _ T se0 | § t § § o

aw efpl  aml i M Mﬁmmwmw hwv..omnﬁom ...umwwoo yaym j5ehp) i ..ome_.ﬁvv ! 8

..nmawmwm PR mnmwwmmN “_8 13 29 ooy m Mo\w mﬂm& mm«.o.hmu“ .wamwmaﬁwmm P efot mmgcooﬁs“ Aep m

sondg freac § T tesor I Tdoriiooy | emoravoev]  -vpaed | Adseog] _, 0T vt notpy) uew
YAy 198 = § Pouwnssy
£3TTIQBTTEAR 06 - MOTJuY
W O%PL = *TI°A°A°H
ABp=-0aun® OO0V = 43 708dSDd QATIOV
W Q0°G6L = *T°U°d
TLVNEHLIV = NO 0 YI0A |

g~ u1avy




i
.

i
\

P e

v e r—

B s ey )

R e

1S VAN HYM]
WOH 4 Yam

- —— - - Lt
S 3
; " St
) g § <%
3 oo 1 - - :
' ! W.J..
; o PO
-t 533
fei3g
T S =

t

I3

. ”vl

~ ™l
ORI S e

pore e s

e

ittt e g o]

29eed
-
2238

gee
354

b v

j2%

pgvoe bdre

-+

* >4 o

roirdebdy

H

3

eI
£

Sedeiipy

.

P4y

Fhis eessifls

A

seddrascdin .+

e T i eaq

380

3
82

3

54

8

!

adzy znﬁmu%.:uﬂmzz Ye

[4s




[N}

LM
YAXW 358 LS
YANW 26°€28 = Y Pe3oaazon
26°c328 9B°ES 0L °1e6e SSE9 S0 %044 10 ‘ool
9%68 9°G8  W.'99 o - - ¥2°99 ot *st 85 L9281 0391  39qo3dQ
S°€8 9°€8 ST°09 4] - - g1°09 ee st S4*0ST1 0%0a aequojdes
8°I8 8°18 46°09 0 - - L6°09 ST ST €6°2031 09LE Isndnv
3*%8 3°%8 29°39 4] - - 29°29 18°et ¥0*e83T SLLT Lmag
¥°86 P°86 9MW°0L +] - CLYT - T804 oG ST 6L *89%T 74 48 saunf
¥°88 g°L6 1g°2L 18°9 6 *06¥ 0o¥b8 0L°59 LS °8T $6 *0eeT 08 Lol
0°98 3%L6 £0°0L 80°8 o1°06es 099 G6°19 6v°1T 9T*0sat 099 1Txdy
g°18  0°€8 13°69 $5°8 og *$29 08S 99°09 g1t SE* 3021 o8g YoIe R
§°84 8°88 3°63  38°9 08°9L¥ 09S 08 *2§ 8E °8 08*°SE0T 095 4LJendqay
g°86 O'¥I1 9B8°38 9°LL 16° 698 0l 32°cL 969 T6°6IvT 0Ls Aaenuz g
6°T8 (%30T 08°SL 28°8 84209 069 €gG°/9 9S8 84°363T 069 Js8quedeQ
8%6 V86 98%04 86°¢ L0638 086 2899 8¢ ot g4°0L3T 086 JPquPAcK
1 3 § ¥ “Heg i ¥ 1 B
An m m m amagma%aw “ . m w |

.um.mm - Ag b Eam ..mum.wﬂ wﬂmu n.aMWmowMMMwm { Lep-osumd v“ ﬁmeBmMmzm ..omgmummm (lep 1 &wp
wmoaxy Jeno _hwnmﬁm A3aaa 03 Joqend SSTITe g ~UIET 3JE pojeal «oT uol3] -oaumo)JIomo, too!on YIUOK

MMMMW 12a05? Teaorl ysworatppvi Truorayppyl Aaojspueny -sue? L2aaml -vdodesagf 3o eSveoisil morguri

% - SATLIVNSELTY - NOTIVHUAJO WIOANSSZE
TTEET

S3TUTQETTCA® 06 = MOTJUI
UAYE o/8 = § pounssy
WO°SSL = *T°A°A°K
AeP=33W0 QOO¥ = A3]0B4AED VATV
® Q0008 = *1I°¥°d



b
1

'
4

<oy

-

2 4

B e o

1

- fme e

uz_.:,

4

~te

{

' »
R T e e

¥4
[

RS 14
‘. .«
[ SRS
r
i b,
e
b i

r
]

o - e .4;._ +

: .

e T vﬂvi-ﬁ'.il. Lv}.}.

8 _m<>>=ux3:x<q ) g DoEL L

gy m o *

:!llu.lc.v.vf!..vtr\?. byt s

v

A:sxz $6-£%) ;J{:..Sm:
a:a_.,<xo._z<«x<ra zoF... >

-

mmZu

e u faligtie uhL.
Sy
. .
* s
V
w. R i
_ | ‘r et 4
: 3 130 3 :
{ 53 12¢ i, T i
— ) 3 R 1§ oah3 7 23
$ PEEg SIuee sruse AR 23 ¥
) et e ey Y
i w Hagtiftes I LIRS $ o 1231 355 381 2z s
h eI L ot 1ifetistriend [ gtee] e o
I TER R as i - :
o i g
. .esy s g pé 4 .
PIeSs A3 ¢e S48 eervsbbesrhe mw 2
-+ rdedbory
4 23 84:94 3 .S ¢ e
S i R CHi
ho 2 *
SRR el
ye t rees mAvI, + 12 xvm.wl!
- $a4-0 * >

v

13d%4 ydeln anamniiy 5 o . 9-THI3 ‘82l Xof 0 g ““oneivdio) zagagyy



107

yAYE Ty = § P930RaI0D
..IIE ..bb...mm E ~85€9

9°1s g*le 231°89 21 '89 ¥8°CT  9T°*#ST 0891 ¥qO3Id0
3°gs8 g*gg e°19 - - 6c 1S ST *°9t gL °s¥ll 0t03 xequwegdas
L°e8 L'€8 €3%9 - - €3°39 1261 §9°3031 (0948  IPnaw
. o8 98 36°t9 - -  g8'eo 0S°ST  89°SL3T  GLLT Anp
$°0T  $°00T £2°3L - - eLyT B384 TE*OT  8S*6SHL  SL¥T i
- g0€ §°68 TO*WL £2°9 3a°16v 0ve 88 °L9 - 88°08 - 38°1EeT 098 ey
| 88 v°€8 69°1L €0°8 P985 099 gv°€9 . 89°8T  9¥"9%3T 099 Trady
- g°g8 96 Y90l $3°s 18839 089 01 %29 g6*iT  1I8°S03T 089 o ae i
g°08 1°%6 $5°09 £8°9 £9%09% 099 2038 LL'8  €9°9e0l 09§ Lawnaqed
8°00T oll 29°98 19°TY L1268 0.8 S6°vL GE°L  LT°&3%T ou8 ~ Lrenudp
£6 T 8% 83°g 39°%09 069 6069 - Y2%6  39°t62T 069  JIeQuedA
96 H*00T ££°3L L3°E 8*683 086 98°89 26°0T  28°6931 086 JequWesoy
iw‘ : m mwﬂwdgvmmhﬁ& | m m m M Lep “ . m
- hmxﬁnxdwm m om m — ¢Tusd (Lup-ocums)l unym | § -soumo)l g
e ¥ anod § ssong § WL oz S/p deko nhmwnuwgov_ [F k) ~TEM %M (&ep § .nm:o Lep |
snod | “Taonl TR .?om.ﬁg 203 ool S0 aued B comentieidl wistad noTRTl ot

£3TTTACTTISAR $06 = ROTJuy

GAYW 058 - ¥ PoUMSSY

W 0°09L = *I°A°G°H

Lep-ooumd QQO¥F - £3798dBO SATIOV

- T - GAILYNEEL TV = NOILVHUJO WioAHassy W0*508 -~ ‘T84

ot - 4Tavy



L gt

~

. r&"_

SL0 S .f.rt.rlt, b
E]

S U VI S

[ SPVEVIPY W

- 00.\"1000.1. i e A i

HAAN \mvm l>6 mmz

e st ;yzr. .w.xi.»ﬁ. ipmemy s wprgr

[eRAOAS €44

+

igsevite el

siadey S&mumvbw.u,tyﬁ_:wwym w,.qﬁ..w . ‘ . o S1H13IA ‘BZL XOF ‘Od acemwwu.cms.,o.u mnﬂm#ﬁu



t Mg
yaxm gog 4£®S
: A QANE 09°/98 = ¥ P93OdI0)
09°98 _6LEg Swiogee

g°%6 a°%8 83°0L - - - 82°0& LL°9T  ST°S93T 0891  3eq0320
88 88 €£°t9 - - - €€ €9 gS°el TOLWIT  QoWod Iequeides
€°98 ' €%8 02°% - - - 0g°¥%e 88°¥L  08°WVEIT 09  3sn3ny
9°88 9°88 ¥6°59 - - - %6 °S9 98°6T  ¥B°I9T  gLil LT
L*col L°S0T T9°¥%L - - QLY 20°SL S IEGHHT  alvl sung
8°cé 9°20T g8°9L 999 9e°68¥ 018 0L°69 v.°€3  98°S2ET  0F8 - Aey
€°16  ¥°201 8L°EL 00*8 %0189 099 6L °g9 90°¥L  PO'PWT 099 Tyadv
g°98 86 88°3L  99°8 28°¥29 089 i Ad ) £€6°2T  38°%03T 088 qQoJeR
zees 826 L9°29 9G*9 %0 °SLY 098 26°59 0S*6  10°8S0T 098 4Lendqad
»*%0T 03T 9e°68  TL'll g8° 8 0LS g9 °LL 0°8  98°WYL 0L  Laenusy
1°96 £°0T 38°6L 1e’s 94°909 069 15*TL W6  9L°963T 069 JIeqEedsg
1°86 lecol 19°%L  T0°% 85 *263 086 194 PG°IT  89°3&3T 086  aeqEasoy

Aw m zajm aaxadw w.na.%mwwE Kep-os T “ YA u-18 E.bm “ h%oem«l Jm

rip § at § a,nm ‘ueassyay s/p n@wﬂ% Lep ~0 ounidf -Jenyyelf (ABp-0oumnd)-und) Jom§ (Lep {
«gemyyeq §Ionod §A3Iougf woay LBaeudy I0F I93BAJ s raTo 3e pajeay $soTf ~od JoJf -oowno)f UJUuoR

1023 aenod § Te30L

L |

TeuoT3 TPPVE Teno Tl TPV AX03upusiy -aue¥ ABJoug| uoriRaodBAz) eSedTeyl AOTJUIY

¥ = SATLVMHEITV - HOILVHIAO HIOAWISHY

———

YAx® 088 = ¥ PemssY
£3TTIQRITRAY $06 ~ MO0TJUI
®QO*CLL = *T°d°A°H

£ep-oeumd QQO¥ *+ hp.aonauu SATIOV
wQo%l8 - *1'8°'a

[T - a1ava



e1oed anﬂ@fuﬂ.ua:;g LA 8

Sed
st
%

- 1H 140 887§ 208 O & Laoila1oginD) sanadd)

1 3 w 3 Sy v'e - - FTTITLTITEILY
¢ poy 3 3833 by 3 -
< 2 +
. $ 13 3 33304 4433 ¢ 23830323
9 33 )4 o ps 23934 e b4 s ]
£ 1733 > 134442 ,vw 133234 2984 o3 je -4
32 3 3438 B¢ *hsipobisiass be4se - 1 pby
e SI%e b3 a3 -
v $1¢9 b 2R 13232258 5232 >
m -+ b4 . 3 1~ Trgiadl 4384 s143 3
> ¥ - . pe 132 F3 08 odd ’ >0 -4 b4
4 4 et > L 33844 L33 ecve sopedya b tas [Se bi
s VA 98 o :
] .24 +, APtites v2eshed $red- b3S
b -y 1 .u%., ; 1 A g Viysahs heteerasiitedy $
3Toedye BT IRIIY 1.5 22! PR 233 e 2R PR T popets peetesi
RIS e o Ty 3 J > Py n IR
! R I e 1 i 3 B I g LIgy
. o . H It Ivte Tagge
1 S Sls + 38 Pl aed < by i Tefidie L7 fy
Py tvisy T T e vt b A es 13248 8% $0¢ 3
baghiid sade: bR $ 34384 rrile 354 ciget d L'
yrrpopie 9! PRSP . Féy b B2 2 1.
3377835 23354 : ey £38a31 iy
214 s kY Py ? T
PR+ 1 E il ).
- T . i
¥4 1e3} *T 44y

RRGICE PR

u,.?an

RSN 4

ST

|

I3
e

R N

- w' N .u . .
S D ANHION

|ndi;

i

WO %

-y -

PR

aboine ne

N

e —

HMIN 998 ZA5HINE )

P EINIVNEEL]




LN
o

(b) Evagluation |
C = Capitdl cost
Cf to Cw= mmal invesment of cepital

(USCA)n = Unifom Series Compound Amount for n years
) X
with interest 1

(U@V)x; = Uniform Series Present Value
S = RAture sum |
('SPCA): = Single payment compound grount
PVB = Pregent Value of Benefits

Aternative 1 .

C = k. 13981 lakhs
= §.699 lakhs

= Rs. 1398 lakhs
= 15,2098 1lakhs
= R3.2706 lgkhs

= 5., 2796 lakhs
e B.2796 lakhs
Cg = s, 1308 lakhs

o8 o G o N7 =5

innugl Energy avallable for the size of the development
considered = 803 mkvh (Table 8)

Deduct 25% of additional power from Thakrani, Ihalipur
& Kulhgl due to reasons explained In para 6.01 = 13 mkwh

Gross snmual energy consildered for economiec evaluat ion
Bsdut logses B4 = 803 « 13 = 790 mkwh,

Y



5§
DEDUCT LOSSES 5 9,
By = (790 - 40) x0.13 x 108
=750 x0.12 x 10°
= p.900 1akhs,

By =1.116,5 Lakhs, 5% of the time.

7

PVB(Bg) = By x (spmé‘ + Ba(sppmg Box( SPPV) E+B,( SPPY)

+Bg X (&PV)g + 0 & o ¢ & i.*Ba (&:PV)gg

= By x 8.614
= 116,56 x 8,614

. 116.5 x8.614 _ 116.58.614 - g
vt Taenpo T Twes T 08 lams

By - = 1.26 x 00 =630 lakhs,
¢, = e + 111
1, (UPT)

S = Gf + Cf (Uscw3 = (wcmé‘ * c;(smmé‘-»-ca(smmg *
ot (_aoca)g

= C.?-_-n- 3,184 x 1.060 x Cé + ‘1.262 x Cg + 1.331:05
+ 1.419 x C}
= 138 + 3,184 x 1,060 x 23706 + 1,262 x 2098
+ 1,338 x 1308 + 1.419 x 699
= 1398 + 9440 + 2650 + 1870 + 990
= Ry, 16348 l akhs,



b

c. = 1638 _ . 111
1~ 38.6175

=985 + 111 |
= e 1096 lakhs, ‘s,.{:; _

Co = R.34.95 lekhs
ca = 1(8.69.90 o
Gy = 0.20 x 2= x 69.9

803
= R1.0.94 lakhs,
Cs = ._J.QQ.&__. "‘1.5

1008
16,6175

+ 1.5

= 60,2 + 1.5
= m06107 1&3- ‘
G = 1.26 x 10 =M.12.6 lakhs.

o.t Bmefjt_* COSt = Bl + R2 + 33 -~ 01- c2 - Cs -04‘05.06

2900 + 60,5 - 1096 ~ 34,95 - 69,90 «
| 0.94 - 61.7 - 12.6

« 180.5 - 1376.09

= ko314 lakhs (rounded)
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ALTERNATIVE .2

C =m. 14537 1akhs.
Cf =R 727 lakhs
C§ =Rk, 1454 1lakhs
Cy = m.2131 1akhs,
3 = .2907 lgkhs.
C§ = %.2007 lakhs
C =M. 2007 lakhs.
@ =k, 1584 1lakhs.

Annual energy avallsble for the size of the development
considered = 824 mkwh ( Table 9)

Deduct 25% of additlongl power fwmom Lhakrani, lhalipur &

Kulhal power houge due to reasons expl ained in psra 5,01
= 13 mkvh )

Gmgs annugl energy congidered for economic evaludtion
= 811 mkvh

Deduct lo sses 8% = 40 mkwh,
Nt Mnusl energy congidered = 811 - 40
= 771 mkvh,
By = 771 x0.12 x 10° o
= M. 25,2 lakhs
By = 1. 120 lakhs, 80% of the time

PVB(Bg) = By x (PPN} « By x (PPVJ + By (PPV)g + ...,
+ By (SPPV)?
= By x 8,614
= 120 x 8.614 = 1034



1034 1034
Bg = (W e ¥ 052 lahs

53 =z 1,26 x 600 = 8,60 1&”‘»3’

01= + 111

s

(UsPV) 100

§ =G+ c*x(uscn)ecwcugw cx x(spcm)s«»cw::(sr:'cm)6

" C* x(SPCA)6 |

0.} +3184 xl.OGO xC*+1. 2621054-1. 338xC4+1.419 xCi

1454 + 3,184 x 1.060 x 2007 + 1.262 x 2181 +
1.338 x 1454 + 1.419 x 727

= 1454 + 9820 + 2780 + 1946 + 1031

= Rse 17001 lakhs.

]

"

_ 17001
°1= WHes + 114

it

1022 + 114
= Pse 1136 lakhg,

Cp = R, 36,3 1akhs
Cq = ’.72,7 lalths
Cq = 0.20 x goa- x 72.2

= RS.O.95 1.2“130

1008
~i6.6198 * 1.5

= 60,2 + 1,6 = 1.61.7 lakhs.
% = 1,26 x 10 = “3.12.6 lakhs.‘
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Benefit - Cost =By + Rz + B3 = (‘21-"32» G~ G- Cg= G4
=9256,2 + 62,2 +630 - 1136 -« 36,3 . 72,7 -
'0.95 - 61.7 - 12,68
= 1617 - 1320
=Bs.297 lgkhs,

Altemative 3
C = mr.1533 lakhs
C* = R.752 1akhs
08 = B 1503 lglths
Cf = k. 2264 Laths
C* = . 3007 lakhs

k)

4
Cf = %.3007 lalths
G4 =R.3007 lakhs

_ % = R, 1503 1lakh s,

Gross energy = (841 . 13) = 828 mkvh
Daduct losses 5%

'\ By = (8% - 41) x0.12 x 10°

=787 x0.12 x 10°
= .044.4 lakhs

By = 1,123 1akhs, 50F of the time.

PVB (By) = By x (SPP)Y + Box(@PV)G + By (PG +
Bz(SPPV)Z +o 0 00 s HBpx (SPPV)gg. -

= 123 x 8,614
= ]DGO
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. 1060 1060 __
(Uspv) 100 15.6175

it

= B.63.8 lakhs

By = 1.26 x 500 = fs, €630 1l skhs

(UZPVY éﬂo

. . 3 1 ' 4

6
»C{ (&’CA)S

= Gf + 3.184 x 1060xC+1.262 x Ci+ 1.338xCs +
_ 1.41® x C}

= 1503 + 3.184 x1.06x3007 + 1.262 x 2254 +
 1.338 x 1603 + 1.419 x 752

= 1803 + 10140 + 2840 + 2015 + 1067

= 17565

17565
= js.ez75 ~ *+ 16.7

o

= 1057 + 118.7

Cp = h.37.58 lakhs
63 = Rs, 75.16 lakhs

" = %—-— L 1.5
(UspVy

= 60.2 + 1.6
= R.61.7 lakhs



Gg = 1.26 x 10 = ¥,13,6 lgkhs

Benefit - Gosb = By + By + By~ C - Gy = Ca= Cy = g~ G
= 944,4 + 63.8 + 630 ~ 1173.7 - 37.58 « 75.16 -
| | 0.96 - 61.7 - 12.6
= 1638,2 - 1361.7
= 15,276 lakhs (rounded).

AMtemgtive 4

| C = R.1558 lakhs
= e 775 Alakhs
= ke 1562 1lgkhs
=&, 2326 lakhs
= ke 3101 lakhs
= k. 3101 lakhs
=Rk, 3101 lelhs
G; = h, 1552 1akhs .

<X
0oR ok

o5 o9 29 P

Gmss energy = (868 ~ 13 ) = 855 mkvh |
Deduct losses 5%

By = (865~ 42 ) x 0,12 x 10
6

6

. =818 x0.12 x 10
= 975.6 lakhs
By = m.127.5 Lakhs, 50% of the time
PVB (B = Bp (PVIE + By(SPPNIZ+ ... By(PPV) mns ..
B : + Box(PPV)®Y
2 By x 8,614
= 127.5 % 8,614
= 1100




4o

= 1100 - 1100
100
(UspVig
= fs. 66,1 1lakhs
By = 1,26 x 500 =Rk, 630 lgkhs

S

100
(UspV) 4

Cl =
3 1 . 4 s
= 0,7 + C‘G"(USCA)G x(&’CA)s + cg(SPCA)s*"Cﬁ(@cA)B +
: 6
1 (sPCA).
= G +3.184 x L.0G0 x Cf + 1.262 x C§ + 1.338 x C8
| + L4198 x C} |
= 1562 + 3,184 x 1.06 x 3101 + 1,262 x 23268 + 1,338x1585¢
| + 1,419 x 775
= 15562 + 10500 + 2040 + 2080 + 1100

= Rse ]8172 1akhs
¢, = 1"33‘2%7723 + 119

= 1091 + 119

=M, 1210 lakhs
Co = k. 38,77 Llalhs

G =0.20 x ~&= x 77.64

= B. 0.96 lakhs

8
(U@V)e
©. 675 +tW°

= 60.1 + 1.5 = 61.7 lakhs
Ce =1.26 x 10 =T, 1206 lakhs



Benofit - Cost =By +Rg +By = Gy - Ca- C3~ G - C5- Cg
= 975,86 + 66,1 + 630 « 1210 - 38,77 = 77.54 -
| | 0.96 ~ 61.7 - 12.6
= 1671 - 1401
= k. 270 lakhs (rounded) .

TARLE - 12

ABSTRACT OF PROFITABILITY MNLYSIS KR DI FFERENT LEVELS

- OF D N

1
Alt ernatives § Leval of deval.qpm@*(F-RaLt) %B'c lakh B,
6 .

1 . m™s0m 314 -
' ' Joml " DR &,wafﬁaw\"""""

2 800.0 m 2T

- 805.0 m RS- G

4 810.0 m 270

5,03 SELECTION OFTHE OPTIM AL

From the results of the eeonozhic evaluat ion of the
four alternzgtives given .’m'Table. 1% gbove, it may be seen
that the first altemative with full reservoir level at
BoLe 705.0 m yiclds maximum net benefit s of Bs.314 lakhs,

As the forage 1evd is ralsed from B.L. 795.0 m to E.L.
810.0 m it 13 seen that the net benefit gradually diminishe

©8Se



From the above anczlysis ¥ is therefore evident
that the F.R.L, should be & B.L. 795 m to derive
maximum net economic benefits from the project. Thev
optimal scale of daevelopment corresponds to full
reservolr level at B,L., 795,0 ms The top level of the
dam 4n that case would be EL. 799,0 m, considering
4 m'as free board, The Lakhwar-Vyasi project report
puts the F.R.L. ot 796.0 m and top at 800.0 m. This
study indiestes that the agbove levels are fairly in
confom¥y with the optingl scale of development,



CHAPP ER -~ VI

DL SCUSSLON

6,01 SCALE OF DEVELOPMFENT FOR DAY

Lalhwar - Vyasi hydro power schems 1s proposed
to be added to the U,P, Power grid in a near futuwe, There-
fore its plamning nd sccle of deVelépment requires to be
avaluated now, It was seen that plaining for a power plent
proposed to be mun In an Intercomected system needs consi.
deration of the oversll problem for agrriving at the opt imal
decigion, Accordingly to start with, a snall tmncated
eysten excluding stage II works as shown in Fig. 1 has been
consldered in this study and optimgl size of development
has Eeen sought to be found out by maximising benefit s minus
costs from a number of élt emat ives. Pur different levels
of development eorresponding to B.L. 796, E.L. 800, E,L.805,
E.L., 810 (reservoir levels) have been anglysed, It is seen
that the maximum nd economic benefit is obtalned when the
full reservoir levedl ig kopt at B.L.785.0 m. In the project
report it has been fixed at E.,L., 706.0 m. That shows the
peak point with regard to ( B« C) and B/C lies somevhere
in thigs reglon and below this level the net benefits and
Benefit - Cogt ratio would éggin tend to deerease. S the
optimgal écale of development may be'taken as corresponding
to reséi‘v‘oir level of B,L.7295.0 m., BEnergy prodiction for
this height of resefvoir with an act ive éeq')acity of 4000
oumec-day 18 estimgted to be 803 mkwh (Table 8).
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6.63 BOZR $R POWER PLANT CAPACITY o

This requires a ftudy of the oritical-.day load
ourve of the systen, From the 1972.73 syd em load (Table 4)
it is seen that the amual peak occurred in the month of
Jenuary and was eqial to 1538 mw., Since the actual dauy
load ocurve for the snmigl peak day is not readily availadle
an spproximate daily load curve has been built up with a
maximum load of 1588 mw and minimum load of 55% of the.
peak. Hourly loads as percentages of peak of Ganga-Sarda
grid January-day load curve (fppendix 7) has been used as
a mugh guide to workout the digtribut lon pgttern, Unusual
fluctuations vhich is only relevant to the particular grid
and conditions on the particular day, have boen ignored and
general rise and f£all in accordance with the expected demand
is plotted (Fig. 14). From the dally load curve the load
durgstion eurve has sl = been plotted gnd shown in Fig.15.

For allocation of the peak load of the gystem to
the exifing end proposed instzdllation, the above dally
load curve and load durgtion curve have been ut il ised
which are taken as typledl of the systes. The Richard
Rihand-Obra storage hydrmoplat which 1s the largest end
the only storage hydrmoplant of signiflcence for the system,
has been considered flrdst in the mdtter of allocation of
peak load basing on the fundguent ol policy thet maximum
use of the extsting installations must be ensared befors
new ingtallation capacit les are decided.

e I T R : YR
galhg LTS i KRN
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As explsined in para 2.02 Rihand - Obra hydroplant
has an lnagtalled cgpaclity of 400 mw and the ocont inuous capa-
ety of the plgnt basing on designed inflow ig 138 myw, The

DALY
expected m energy from the plant 1s therefore

= 138 x 24
= 3312 nvh

Assuming a peak egpabil #ty of 85% for the plant, it may de
taten that the plant is cgpabie of taking a load of 340 mw
at aay time, This capacity and energy content has been
sought to bé fitted in the durgtion curve to ensure maximum
utilisation of this plent firgt before considering Lakhwar-
Vyasi, "It 13 seen that In the load range of 1010 mw to

1360 mw (Fig. 18) almost the entire w energy potential
of the plant 1s contained, So Rihand - Obra hjrdl‘oplant nay
be assigned this part of the load for effecive utilisation
of s espacity and energy. 4#bove 1350 mw, there still
remains a load of 238 mw (1588 - 1350) for 14 percent of

the tIme 1, e.. of 3to 4 hrs. daration which, Rihand-Obra

1s not capadle of meeting due to its Installation congtraint,
This part of the load has to be taken by LakhwarVyasl hydro-
plant. The energy cont ent of this portion is 38 mwh. Even
after mesting this demand the plant would be loft with g
subt mt il portion of Its expect ed energy potentisl which
15 803 mkwh snmally (Table 8). On an aversge the daily
energy potential is 2200 mwh, So after mecting the 14%

peak load energy requirement of 208 mwh, the plant will



have a further energy potent lal of 1802 mwh {2200 . 298).
Thi g requires running of the plant for more t ine to ut il 1se
the avVallable energy potential in full, The area between
905 mw to 1010 mw in the duration curve containg 1792 mkvh,
The ogpacity roquirement for this portion is 106 mw (1010 -
0905) which 1s required for asbout 82% of time, Therefore
the 0spac ity requirement of the new plant 1s

= 238 + 108

= 343 nw
Add reserve equal to the aspacity of the largest unit
in the system (1972.73 levdl) = 100 mw

L]

. fotal eapacity requirement = 343 + 100
| = 443 my,

The ingtslled eagpacity of the Lakhwar - Vyast
Schene power plant s should therefore, be of the order 44:;3
nw., The project report puts the Installed capacity & 50
uw which gppears to be rather in the higher sides As the
load requirenent increases wih time, more and more of new
ingtallations are added to the syt em to augment the ¢zpae
oity and energy potentizl. There is therefore g need and
seope for constant review of opergtion with every new
development proposed. The chgnges In the system reqiire~
ment pattern ean be conveniently ¢ aken care of gt the time
of designing the new power plant. As shown in Table 3,
other storsge hydroplants like Remgenga 1s going to be
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added to the grid in a near future, Therefore the nece.
ssity of keeping unusually high cepac##y in one plant
des not gppear to be Justified, The future plants ean

be designed to gerve future needs,

SIZE OF UNITS IOR L AKHWAR ~ VYAST

The size of unit would in general depend upon
avail sbll #y of space, reliability of supply and cost
considerations., In most cases interrupt lon of service
cannot be tolerated, & if the units are chosen radi.
cally larger then the exlisbing unit sy, it may be difficult
to meet the load should any of such large units fall due
to unforeseen reasns. The sltuztion may be more eritical
1f in additfon to thig, any of the large units is out of
service for routine overhaul. So it may be seen that
~ with the Incerease in the size of the unit, the probabil #y
of the system not meet mg a partienl ér load would be more
than with sngller units. This aspect has to be weighed
along with cot and avauabil'&y of room for more number
of units. As the number of units are Inereased more
floor space is needed vhich makes the power house Civii

st ructure costly., The equipment eosts al =0 increases.

For ru-of-the.river plant s there may be more
wastage of water if uhit s ate large #nd they hgppen to
go out of gervice for reasons as stated above. Of oourse
the chances of wastage ocsurming with storage plant 1is
rather remote; because exeopt for the reservoir full
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condlt ion,there wuld generally be suffidient sforsge
space in the reservoir to absord non-monson flow during
the period of repair of unit running out of service due

to unforeseen reasons.

Unless the detalls as explalned are worked onﬁ
it would not be possible to gpecify the size of theunits
‘that sre most etonomicgl reliable under the situagtion,
Prime.focle it smppears 3 units of 90 mw each for Lakhwar
power house and 3 unit s of 66 mw each for Hathiari power
house 13 suitable for the scheme, The installed ez ac ity
t-hu.s mrks out to 465 myw ggainst the requirement of 443 mw.

: ‘;,The pr«esent pmﬂ éct. report provides 2 unit s of 150 mv &
¢ Le}ﬁwfar Power House and 4 Mits of 60 mw each £ Hathiari

Power House majting the ¥o%al install ed oapacity equal to
540 mw. As al ready pointed out this cap e 1ty appears to
be rather high and power plant design probsbly needs a
review to exactly arr ive a&% the eapac ity needed and tm:?:
sizes with reference to all relevarg factors.
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CHAPTER - VII

CONCLUSIONS .
Techniques availagble for der iving optimum plans
’ oi’ development in water resources include Linesr prograam.
ing, Dynamic programming and a variety of search teciniques.
As slready pointed out the above methods are not eapable of
solving the overall problem die to system non-linearit les
and unweildy size of the problem inwlving a large number
of state varigbles, ‘The physlesl constraints and relation.
¢hip that exists In any water resources system prodably
int 1o d1ce Mo re non-linearit les in the analysls than result
from any other factor. For example curves of storage
versis head, storage versus evaporation or storage versus
energy prodiction rste are highly nonlinear. S0 aglso are
the curves of reservoir outlet ecapac ity and powver plant
charact eristles,

Die to these diff lculties the above methods have
not been adopted in this gtudy and ingtead, reservoir
operatlon has been carrled out for different sizes of
development to arrive gt the optimal plan.

The. resei'vcir operabion has been camried out with
90% availgbility inflow. Adoption of deteministic inputse
as thig has been statel to be smewhat hazardous because
basically the shreaxiﬂow 1s stochastic in ngture, Refine.:
ment is needed In this direction for finding out the system




accompli sments for a particular level of development,

, In the present study four different levels of
development have been studied, To be more precise, some
more alternat lves require study to establish the rising
part of the beneflt.Cost curve and locate the optimsal
size of development corresgponding to maximum net baieﬁt.
However the levels adopted in the project report sufficien.
tly cbrrobo rates thgt the opt Imal size has been found.

The resorvoir active egpac ity on the monthly
operation basis sppesrs to have been st ightly less than
theat required, as sp i1l t.o the extent of about 13% of
inllow octurs at the end as seen from the Computer oute
puts. Alittle Tefinement. is necessaFy in this respect.
Det erminzt ion of the ;.nwstalla‘c ion size require analysis
of the erltica]_ day load ourves of the system, The
annail-peak day load ourve alone may not be sufficient
and it may be necessary to examine other daily curves
al 0. The synthetiec load curve considered In this study,
in zbsence of actusl load curves, only gives a falrly
good plcture of the sbuation, The actual position may
be a little gifferent from ¥, Study is, therefore, need.
ed with the actual system load curves which are relevent
to arrive gt the exact capaclty of Ingtallation and unit

slze,
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SYSTRM LOAD FCR 72-73
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T e el e
~ J:am gng § Mx‘f § ;| Hg_' J___b_(g e
1 1218 822 1179 871 1288 901
2 156 811 1161 90k 1279 905
3 1212 8M 1216 893 1332 895
=y 1051 8ok 1295 897 1207 893
B 1215 728 1232 872 1159 850
6 1121 801 1288 862 1200 78
7 1152 799 172 859 1247 850
8 120+ 830 1312 862 1262 794
9 936 845 1301 885 1269 &7
10 1189 645 1181 900 1348 875
1 1178 799 1266 902 1356 896
12 1255 846 1297 976 1383 863
13 1213 B9 1303 898 1391 878
™ 1288 856 1232 900 1320 900
15 1271 886 1298 868 1342 866
16 1260 801 137 866 1324 908
17 12 802 1354 892 1371 920
18 1296 M7 1240 932 1265 962
19 1283 879 1341 938 1355 876
20 1287 895 1321 917 1364 905
21 1315 903 1201 9 1307 946
22 1232 881 1266 870 1315 827



- 28

1 2 3 & 5 6 7
23 1190 892 1274 905 1289 917
2+ 128 B 1273 B 1330 830
25 120+ 916 1230 893 - 1064 b
26 1283 900 1265 879 148 783
27 1245 934 128, 916 1072 795

1188 93+ 148 877 165 79

118 907 1253 872 149 821
30 1280 '_871 . 1320 | 883 1098 80+
31 1275 879




— » —
oy _g My MW J MW MW My i T
1 ) 10 11 12 13 1 1

1 1086 793 M1l 1056 1067 751 124 787
2 1088 749 1383 1092 1040 773 1097 795
3 1028 753 1327 10%9 1019 " 732 1181 752
L 968 ™5 1305  105% 1060 719 1189 762
5 987 679 1268 96+ 1129 - 742 1156 = 772
6 935 716 1127 88 1082 M7 1107 %5
7 85 635 127 775 no+ 756 950 703
8 943 - 6.61 1178 724 1175  75% 1056 660
9 @8 650 1127 738 1049 761 1148 669
10 980 652 1083 722 1073 M5 1170 747
M 955 703 1085 702 108+ 737 1180 758
12 101 699 1051 679 9 7 1180 77
13 1027 701 967 712 869 664 1152 801
W 1029 739 982 655 917 613 1164 740
19 1050 724 959. 722 1010 627 110s 815 .
16 9% 748 1081 701 1023 639 1125 762
17 999 700 1190 731 918 686 972 775
18 1077 YAl 1088 721 1053 620 %36 708
19 123 717 1096 731 1099 691 1267 773
20 1115 716 1113 756 1067 7% 1294 86k
21 1159 777 1227 752 1M1 73+ 1188 786
22 1189 796 1170 738 1090 726 460 77



1 8 9 10 M 12 13 e 15
23 1176 = 826 121 781 102 737 1293 777
2 1272 813 993 751 997 728 1257 872
55 1213 85 95 705 1%y 719 1233 815
26 1291 Bk 955 711 M2 701 1193 851
27 1276 921 958 689 1132 M3 1271 B
28 1287 963 955 621 139 M 1295 901
29 1317 9% 1013 672 1168 783 M 770
30 1302 962 10 727 175 798 1197 M8
31 06 98 986 721 S ne2 1011
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1326

. Day 0 Maximum § Minioum % Maximim UMinimum &aximuu gﬁmimum
T -l ikl
1 | 1203 850 1165 825 1554 _93'9 |
2 | 1296 762 1222 808 1571 975
3 1318 893 1243 832 1564 956
u 1313 927 | 1285 781 1588 984 .
5 1128 927 1206 823 1514 1032
A 1164 831 1245 85k - 1530 995
7 1249 842 1250  &+8 89 1007
8 1188 892 1303 43 493 905
9 1379 873 1228 &9 1953 975
10 1313 89l 1268 770 1529 1003
11 1301 861 1283 799 1404 1023

12 1272 886 1273 838 197 903
13 1340 882 1225 855 1482 1011
1 1334 900 1257 86k 1508 1032
15 1380 8,8,2, 1275 860 g

16 1360 905 1254 880 R

17 1488 918 1308 872 Ié

18 W5 9 1309 880 p

19 1327 956 1329 MM g

20 1158 923 1369 . B 1

21 1329 868 U5 928 D

22 1292 927 1518 950



1 3 L 5 6 7
23 1326 933 174 960 STRIKE
2 1386 5 1514 919 .
25 1347 863 119 903 PERIOD
26 118 820 1516 950 127 &7
27 1148 793 1522 95k 1428 915
28 1203 803 1548 929 1369 829
29 1264 822 1579 8% 1453 96k
30 1258 825 1%0 97 1398 981
31 | 11496 988 1481 990




89

Day QW Hinimum H;ﬁmvmim yfmmm
1 8 9 |

! 1074 716 1149 675
X 1050 713 1188 768
3 986 699 1245 836
* 956 622 1M1 807
5 911 635 1104 700
6 855 613 1160 8
7 971 598 1190 771
8 972 670 1165 769
? 986 690 1181 781
10 950 680 1219 790
" 980 697 1217 799
12 950 672 1119 785
13 890 €8 1237 750
""‘ 983 639 1290 772
15 1031 665 1B 805
16 1082 707 1256 82
17 1072 688 1280 &5
1€ 1048 716 1281 839
1§ 1076 700 1192 781
20 043 - 705 1284 752
21 1123 654 127% 813
22 1140 739 1307 804




Co
{me 20

1 10 1"
23 1169 49 1234 812
24 1191 675 1301 832
25 1240 788 1282 80
26 1116 792 - 1226 791
27 1240 761 1265 922
28 1228 795 1270 8
29 979 765 1250 86
30 1210 835
31 1215 807
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Y INFLOW A L AKHWAR,K
(904 Avallsb i1 ity)

— — , -
Month // fifonthly Inflows in § Monthly inflowsi Monthly inflows

P 2, 2, YN puindy

[Yanung gt Lakhwar { in Tons o at Tajewala
¥ § K1shan Dam
‘ i 1 » »
4
/ . o | _
Jenuary 80 1030 2880
| Pobruary . 560 1090 2640
March 880 1720 2780
poril ' 660 2040 3630
May 840 2900 4170
June » 1478 N 3360 6550
July ,, 1775 4900 11120
megust 3760 10300 26400
Sept enber 2040 4320 12230
October 1820 3320 - 4450
No vember 980 1480 4450
December 690 | 1190 2740

15, 560 47,650 82, 550




RUNOFF_OF RIVER YAMUNA AT LAKHWAR

(1n cume c~day )

1938

1939
1940
1941
1942
1943
194k
1945
19146
1947

1948
1949

1950

1951
1952
1993
1954
1955
1956
1957
1958
1959
1960

977
631
570
566
653
1069
748
892
708
767

732

734

728
815
862
ohg
863
869
206
1230
938
on2
M6

878
871
817
835
730
72
989

1120

98k
782

. 975

78k

1136
951
681
598

1054
806

1323

1035
897

1294

1099
1033
818
995
75%
1326
816
1041
1016
955
908
86

126
1099
923
805
101k
928
1209
111k
953

2%
837
1271

1093
1179
114y
1035

890
1269

923

118

1468
9216
951
975

1693
1343

1285

1063
163
199
1099
1158
1000

1142

1009

922
1340
1049

1283

1166
1276
1271

1330

1481

1115
979




e

Year  August September October November December Total

1938 3344 1530 1025 836 661 18354

1939 211 1940 1046 0 0 12930
1940 4106 1516 918 662 623 14651
191 3779 1597 1029 722 632 13536
1992 7064 W50 1396 935 833 24893
19%3 6569 3820 1410 975 798 22104
194 3053 2693 1055 752 €81 16722
1945 k099 %085 2345 1118 880 2118
19%6 3723 1785 1286 865 798 1727%
1947 2537 2525 2759 1089 851 16070
1946 7220 h832 198 970 860 24622
1949 5015 1878 1089 771 690 20339
1950 5872 3904 1567 999 826 23586
1951 4867 2663 1218 862 759  a7s21
1952 5994 231 1138 79¢ 695 19354
1953 1981 2353 1239 840 763 18755
195% 4788 3511 2436 1108 965 23458
1955 5567 3726 7668 1468 1059 27388
1956 14530 2352 7519 1621 1116 27452
1957 = 3929 1060 1896 1080 1021 23994
1958 9772 2901 2380 1159 980 21926
1959 5044 w720 2075 1177 938 23473

1960 4338 2303 1174 907 767 16689




1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

1971

1972

Bl
908
748
&5

811

536
635
107%
809
619
645

952

1508
$78
$71

7

813

48k

537
1173
670
420
525
669

1196

94k
866
834

98k

558
982
1328
778
625

- 588

685

1106
1244
753
896
1332
537
954
1305
929
659
668
1031

1110

1056

763

1401

778 .

919
1315
137
706
951

1297

1395
1221

,géh
1113

1270
1814
10h2
™36
1107

862
3590

874

3127
1806
1962
3450
2538
2825
3299
3259
2062
1630
6125
3057




1961 6482 3260 1473 1037 953 2349y
1962 2924 13362 1806 995 931;///>2867¥
1963 6410 L7740 1490 888 - 875 . 21030
1964 4323 k550 1932 1027 - 901 21533
1965 2796 W70 983 759 636 15793
1966 6712 2645 1293 916 755 19853
1967 718 3950 1378 U5 916 22975
1968  L6lls 2087 1348 827 786 20582
1965 5237 3850 1716 1081 717 20093
1970 3918 2646 1561 934 740 15320
1971 6812 5526 1619 989 723 28757
1972 Lok 5368 1437 738 656 20308




_ CUMULATED RUNOFF
FIGURsS IN CUMsC DAYS

T

Year 1 month 2 month 3'mbnth _b» month 5 month 6 m'ont}ii

1938 977 2392 3655 W91 6217 7910
1939 631 1233 2152 3103 %198 5541
19%0 5720 1222 1836 2517 340 W05
1941 566 1086 1654 2252 3057 k120
1942 653 1860 300+ 4058  s072 6239
1943 1069 W47 265 3271 M99 5398
194k U8 121 2303 3626 L8395 593k
1945 892 1683 2578 3613 4227 - 5885
1946 708 109 2126 3023 3976 4976
1947 767 ™06 29 2077 381+ 4956
198 732 1530 3172 W66 5737, 6746
19%9 734 1906 278+ 3683  M9p6 5898
1950 728 1569 240 3473 Les2 5992
1951 815 548 2365 3183 4330 5379
1952 862 1495 2330 3325 4360 5646
1953 748 1373 2103 2857 37wy 4913
195% 863 2687 W59 M85 675k 8030
1955 869 1649 2638 U5 W377 5648
1956  9C6 1606 2726 3767 5185 6515
1957 1230 2202 3186 4202 5670 7151

1958 933 1669 2447 3402 1318 5258



~

Year 7 month 8 month 9 month 10 month 11 month 12 month

1938 10958 14302 15832 16857 17693 1835k
1939 7803 Ik 11884 12930 12930 12930
1940 6826 10932 12448 13366 1M028 14651
1941 5781 9556 11153 12182 12004 13536
1942 10215 17279 21729 23125 24060 24893
1943 8532 15104 18921 20331 21306 22104
19t 8488 11541 14234 15289 160k 16722
1945 8591 12690 16775 19120 20238 21118
1946 8820 12543 14328 1561% 16479 17277
1947 6309 886 11371 14130 15219 16070
1948 g2k2 16462 21294 22792 23762 22622
1945 . 10896 15911 17789 18678 19649 20339
1950 10458 16330 2023+ 21801 22760 23586
1951 . 7052 11919 W582 15800 16662 17421
1952 8W15  14h09 16723 17861 18659 19385k
1953 - 8579 13560 15913 17152 17992 18755
195% 10650 15438 18949 21385 22493 23458
1955 7900 13467 17193 24861 26329 27388
1956 . 1031k 48k | 17196 24715 26336 27452
1957 12008 15937 . 19997 21893 22973  2399%

1958 8734 14506 17407 19787 2096 21926



95

1959 922 1873 2848 3756

1960 946 1749 2533 3417
1961 Stvle 2352 3548 Lesk
1962 908 1886 3332 4573
1963 748 13199 2185 2938
1964 845 1559 2393 3289
1965 81 1624 2608 3940
1966 536 . 1020 1578 2115
1967 635 172 215% 3108
1968 1074 2247 3975 %880
1969 809 1479 2287 3186
1970 619 1039 1664 2323
1971 645 1170 1758 2426
1972 5§52 1221 1906 2937
90% depen- ,

dable in-~ _
flow 570 1130 1710 2370
{(cuuulated)

Monthly | . ‘
Inflow 570 560 380 660

175

N.B. Year 1939 excluded as an extréme event.
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1959 9522 %563 19283 21358 22535 23473

1960 7210 11548 13854 15025 159932 16699
1961 10286 16768 20028 21501 22538 23491
1962 8656 11580 hou2 2678 27743 2867M
1963  6627. 13037 17777 19267 20155 21030
196% - 8800 13123 17673 19608 20632 21533
1965  914$ 11945 4315 14398 15157 15793
1966 7532 uok 16889 ' 18182 19098 19853
1967 8368 15786 19736 21114 22059 22975
1968 10890 15534 17621 18969 19796 20852
1969 7492 12729 16579 18295 19376 20093
1970 5521 9439 12085 13646 w580 15320
1971 9773 16585 22111 23730 24719 . 25hk2
1972 8085 12109 17477 1891% 19652 20308
ggglgeg:xf- |

flow 6460 10220 12260 13880 14860 15550
{cumulated)

¥oathly |

Infiow 1775 3760 2040 1620 980 - 690




RUNOFF OF RIVCR TONS AT KISHAU

APPENDIX

(in m.a.ft.)
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January February March

o

April May

Year June July
I 2. 3 a5 6.7 )
1938 1488 2496 L2803 2202 .3335 4557  .6538
1939  .0861 .0863 ,1653 ,1822 .2406 .3728  ,4731
1940  .0787 1007  .0951 1563 L1946 3106 42902
1941 077 0708  .0835 .1004 1627 2657  .3270
lg42  .0909 2054 42030 42096 2186 .2852 9094
1943 g1 40989 L1153 185 .1792  ,2950 .7912
1944  .ll4l L1122 (1711 .2965 .2809 .2946 7046
1945  .1005 .0845  ,1556 ,1870 .2167 ,3z24  .5096
1946 ,0905  .0785 L1053 L1572 ,1854 ,2308 5339
1947  .6889 0765 .1029 L1479 L1982 .2306  .2452
1948  .0635 0836 3325 L3021 .2760 .2260 5026
1949  ,0878 1250 1277 .2015 .3174 .2272  1,0942
1950  ,0837 L1161 1216 .2025 2026 L3643 L7624
1951 »1220 L1368 .1401 .1684 ,2649 _.'2581 +4031
1952 12388 L1054 L1605 ,2148 .2412 L3504  ,5040
1953  .1001 20939 L1189 .1330 ,1865 ,.3183  ,8280
1954  ,1226 2660 2617 .2434 ,2832 L,3241  .5046
1955  .1239  .1141 L1616 .1568 .1362 .3211  .7584
1956  .1766  ,1268 ,2605 .2995 .468l 4174  .8595
1957  ,1633 L1273 L1394 L2619 ,3218 ,3582 L8778
1958  ,1225 0992  .1091 ,1615 ,1574 .2195  ,6723
1959 1449 L1645 L1891 ,2291 .2346 L2713  .6401
1960 1289 01290  ,1203 L1356 .1616 .1736  ,0445



e
o

by

Year August September October November December  Total

———

NS T RIS I -SSR - A 7 Y
1938  ,6078 +2007 1617 1191 0931  3.4833
1939  .3512 324 J1671 +1054 0824  2.6449
1940  .7786 2541 | L1420 .0946 .0869 2.5922
1941  .6948 2524 J1634 +1059 0882  2.3824
1942  1.3838 8712 L2429 .1490 1242 4.8931
1943  1.2043 6728 2366 1245 1222 4.1566
1044 7086 42406 1708 .1078  ,0037  3.4988
1945  .6014 » 7439 4023 .‘1634; 1170 3.6916
1946  .6728 .3081 .2024 .1089  ,0980  2.7808
1947  .33%2 <5060 5602 +1251 1028 2.717%
1948  1.022¢ 6230 2419 .1263 1081  3.9060
1949 . 1,0097 3456 +1959 +0920 0891  3.9131
1950 L7928 J7165  .2644 1654  ,1439  4.0158
1951 1.1635  .4769 - .2160 1430  .1161 3.6008
. 1952 1.1400 3736 L2859 .1181 .0995 3.6565
1953 1.1781 = .4559 1977 1406 1162 3.8662
1054  .8314 5668 .45 - L1764 1318  4,1562
1955 +9557 #8127 | 1.0994 5666 «2829 5.5394
1966 9715 4673 1,4490 .3047 .1853 ' 5.9862
1957  .8262  1.0066 «2681 «1766 +1576 4.6838
1958 1.0706 5117 = 4814 L1876  .1650  8.9478
1969  .6680 6104  .3036  .1539 .1353 3.7247

1960 45005 .3699 «1950 L1975 J1133  2.2697
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1 2 3 4 5 6 7 8
1961  J1524 2502 .2768 2602 42689 3762 4817
1962 41408 1925 2797 2663 2715 L3177  .4283
1963  .1229 1066 1336 L1262 .1378 .1877  .4041
1964 0958 .1012 .1264 1582 .1778  .2218  .8132
1865 40916  .1109 L1570 .2662 .2650 .2620  .6518
1966 L0659  J0618 .0799 .0867 .1404 4402 46250
1967  .0691  0,0701 .1638 .l72 .1694 .2100  i7824
1968 L1020 (1513 .2370 .2173 2198  .2008 7877
1969  ,072¢ 40876 41161 1258 2161  .2491

+4599



£GO

1 9 10 11 © © 13 14

1961  .7485 5758 2807  .1920  .15456  4,0259
1962 6585  1.0019 .3950  .2665 1700  4,3977
1963 lig2aa  .0859 2259 11084  .1000  3,8603
1964  .e234  ,8732 3173 41366 L1014  3.9443
1965 L5192 .2350 41091 0904 0682  2.7154
1966 1,3614  .5150 2078 1120 .0830  3.7705
1967 14680 7088 2781 1262 .10738

1968 7807 .5147 +1596 .0805 0722 3.4136
1969  .7641 L5112 ' 2.9476

95578

#1111

0842



June

Year January Mebruary March fpril May ’ T'a'u:l.y
a R MR S S S AR

1933 2776 285 3326 ©.3082 L4766 .6010 1,9368
193 L3210 .2866 2796 L2830  ,2916 Mu3%  1,5930
1935  .2630 .3398  .3286 .3102 4388 .uO%% 1,391%
1936 +183% L1696 .2076 .2712 429k 7568 1.2314
1937 «2598 385 3974+ .WD16 W759 6864 1,7255
1938 +3204 5294 24,3936 5176 L6534+ 1.3141
1939 L1872 1816 .2980 3134 3740 4976  .9510
19%0 . 1696 .2056 .1832 ,2070 ,3016 4480 8626
191 L1671 530 ,1663 1719, 2531 .267+ ,6306
1942 +1959. 262 3900 L3602 L340+ 4103 1,8448
1943 3618 .2091  ,2207 2543 ,3060 L4221 1,4200
g%k ,2208  .2058 .3286 k78 .20k .3972 1,097
1945 -2721" .1939 .2753 ,.3389 .3604 L0 71,2522
1946 o21hY .2076 .2196 ,2928 3135 4311 1.8862
1947 2372 1926 .2282 ,2652 .3105 .3955 .4B808
1948 L2242 2402 ,6659 L4586  ,Lu60 3439 11,1006
1949 «2232 L3 L3060 L3789 .3991 .3020 2.3630
1930 . 2245 .2602 ,2806 3521 ,h092 .4878 2.1182
1951' 03556 92295 . 2608 ?;360.7 :3966 +3601 ~96l"'3?
1952 02343 +1996 L2664 ,3352 .3231 L1679 1.2149
1953 .2227 . .1901  .2242  ,2338  ,2890 4596 1,7088
1954 . 2551 JM39 JSW22  JM771 503 JWEMS 1.1305
1955 .2789 L2490 .3268 .2983 .3020 4507 .9578
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Year Aguast September Qctober November December Total
o ) D ;AN - B O
1933 2.4332 1.8952 6464 43736 3098 9.8395
1934%  3.0476 1,091k M290  .2920 268+  8.6266
1935 2.5780 7798 .3636  .2516 2104 7,6646
1936 1.4312 14698 W90 .2821  ,2888  7.1703
1937  1.4565 2,0236  .5%28 .70 L2845 9.0555
1938 1,5260 L5733 L2 L1986 7,0757
1939 8764 8232 L3516 .221% L1876 5.2630
k01,9450 5952 3012 .1986  .18%  5.6030
1981 ' 1.7379 +6093 + 3440 + 2223 +1883 | 4,9112
1942 3688 2,103 L5116 ,3127  .2650 10,6162
1_9_'*3 3.17%0 1.79%3 25124 93,1.,68" 2501 9,416
19k 1.37 1.1900 3607 +2336 «205% 6,5187
1945 1.9240 1.9660 9900  .3852  ,2760 8.6387
1946 1,734k L6962 (4579 .2780 . 2409  6.9787
1947 1,091 3.8308  1.2198  .3738  .2702 .8.8957
1948 4,0224 2,2010 L5552 .3210  .2731 10,9421
19%9 2,381 L7460 .3707 2406 ,2080  8.3432
1950  2,85%41 1.7985 5896  .320+  .258% 9.9546
1951  2.3177 1.1758 4286 L2804 .2329 6.8
1952 2.8905 1.0217 L3886  .2535  ,2117  7.807%
1953 2,%079 9992  N336  .2731 L2343 7.6763
195k 3.337% 1.6090 1.0472 V. 3845 3191 10.7509
1955  2.7165 1.7351  3.5366  .5470  .3610 11,7197
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1 2 3 b 5 6 7 8

1956 «2951 2149 L3843 .3536 4902 W791 1.6542
1957 MH185 «3311 23270 (3468 JWk92 48+  2,2799
1958 2855 2087 .2229 .3002 .2752 .2891 1.6229
1959 .2922 3251  .3179 .2882 ,3228 ,3887 1,7075
1960 L3076 .2520 .23h L2780 .2962 3231 1.0430
1961 .2638 5802 LM15% L3851 .3790 .5052 14,4675
1962 . 2962 03998  ,5316 M3t L3614 W24 7094
1963 - 2166 1708 .2723  .2269 .23%9 .3197 .7818
1964 L2652 ,2293  ,260+ .283% 3032 .3790 1.6055
1965  .2520 2509 .3216 4789 L4362 476 1,0890
1966 1546 1399 11623 1562 .06 7463 1.2550
1967  .1903 587 L3333 L3132 L2699 L3595 14947
1968  .3116 317 5241 4165 L3787 L5099 1,948
1969  .2099 1941 2326 2308 .3505 13968 .9978




. 2881
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1 9 10 11 12 13 m

1956 2.1645 99U 3.5643 .62 L3874 11,6064
1957 1.@sh 1.8539 7488 .36:2  .3308 9,830
1958  2.8124 1.29%2  1.0358  .3900  .3152 9.0521"
1959  2.4391 2,426 - 825 M118 L3043  9,8827
1960  2.052+ 49755  MOM8  ,2773 L2370  6.6393
1961 3.1340 1.5745 5340 ,3503  .305%  9,89hh
1962 1.3319 24436  ,7021  .3389 .75 8.2712
1963  3.0090  2,3178 5553  .2643  .2788  8.6682
196%  2.0538 2.0278  .7805  .3W9%  .2827 8.8202
1965  1.2475 5997 L3117 .E351 L1905 5.8207
1966  3.3096 4.2123 JW587 L2084 ,2326  8.3625
1967  3.6596 1.6391 4952 L3112 L2807 9.534
1968  2.0326 5714 .328+ .28 L2085 7,7763
21969 24314 1.6180 A6k 2342 7.6506




Month

J anuary
Pebmery
March
pril
May

June
July
August
September
October
Novenber

Deceanber

Month

January
Februsary
March
pril
May

June
July
Aagu st
Sept anber
October
November

Decenber

165

FPENILX - 3

Evgpo ration depth in meter(Evj_)_
0.07 |
0,09
0.13
0.156
0.26
0.24
0.18
0.14
0.14
0.13
0,09

0.08

Energy Demand Coefficient ( G )

0.103
0.072
0.084
0.085
0.088
0.086
0,076
0.074
0.073
0,081
0.088
0.092
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APPENDIX 5

SECONDARY POWFR CALCULAT TONS

50% availability runoff 20,300 cumec day "

90% availability rumoff 15,500 "

Additional runoff 750 M
ALTSRNATIVE, I L ) .
Average rate of energy production = (E@-'-L:?_i'--rﬁ-'-5 )_ x 10'3
per cmxec-d.é.y of water .= (9%2'3 ) x 1073

= 49,1 x 10”3 mkh

.

oo Total energy that would be available fram the
additional runoeff of 4750 cumec day‘in--a 50% year

= ¥750 x 4941 x 1073

= 233 mkuh's
ALTERMATIVE, 2
Average rate of energy production =( 48.3 ; 5 2"8) x'16"3
1011 3

=(=gz——) X 107
= 50,55 x 1073 mkwh.

'« t» Total energy ° - = 4750 x 50,55 x 10~3
= 240 mkwh'

ALTERNATIVE. 3 -

LO%W7 + ~3
Average rate of energy production = ( 5 ) x 10

103% -
=("-§-Z—)x103

= 514,85 x 1073 mlkhl
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‘e

‘o ‘o Total energy 4750 x 51.85 x 10’3

2&6 mkvh ',

ALTERNATIVE b

(51,9,+,55.6

Average rate of energy production = 5—) X 10#3

S 107, 5 -
=( = _5) x 1073

= 53.75 x 1073

L 4

s ' Total energy = 4750 x 53.75 x 10~3

= 259 mkwh.

Taking saving in coal as 5 paise_ per kb of ’energy,
the benefit from saving in coal cost due to secondary power
would be as follows: | |
1. For Alternative 1 = 233 x 0,05 x 106

h

E.116.5 lalhs
240 x 0.05 X 10?
= 15,120 lalas

2 For Alternative 2

6

3. For Alternative 3 = 246 x 0.05 x 10
= 5,123 lalas

4o ForAltemative 4 = 255 x 0,05 x 106

RBSe127%45 lalns,

n
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APPENDIX - 6

kw

, Q. H x 62,14 x 0,85 x 0.746
.. Pover Outputy P = == :
; 550

T 39

Where Q = Flow in cusecs :
H = Average head act:i.hg on _tui'b;ine in £tle

Combined efficiency of turbine & generator is taken
as 85%5 -

In metric wnits , | , d
P = 8.’033 Qg H, ‘ﬂfﬂ.\ | |

‘Where Q =¥lovw in cunecs

H = Average heai acting on turbine in m

ENERGY PRODUCT ION RATE FQR AITERNATIVE I AT EL 747.0 m

Average tailwater elevation bf Hatiari PH.=fH.L.513.5 o
Gross head on turbine, H = (747 - 5’13.5) = 233.5 m
Neglecting heal losses 1 cumec~day produces o
energy, E = 8633 x 233.5 x 24 S
= %’700 kb o

At FeL. 750 a
H= (747 - 5135 ) + 1/2 (750 - 747) = 235 m
E = 8633 = 235 x 24
= 4,000 lh,



E.L. 755

H = (747 - 513, 5) + 1/2 (755 - 7#‘7)
E = 8433 x 237.5 x 2%
= 11-7,500 i

At E, L 760
H = (747 « 513.5) + 1/2 (760 - 747)
E-8.3‘>:x21:0x2'+ '
= 48,000 lh'

;.@_1_:__3.1;, 265
H =233.5 + 1/2 x 18

=242,5m -

¢ o B = 8}033_.3{ 2’4’205 x 2%
= )"‘8,500 kWh.

‘ E.t EQL‘S 2 ZD' ]

H = 233.5 + 1/2 % 23

=245 m

A E = t*3;3.:::2#5:,:221_
= l+9,ooo i)y
Au_._.zzs |
| H=233.5+ 1
= 2’4'7'05 m

o to E = .81033 X 2’!'7“05 X 2’4’
= 49,500 kwh',

it

i1

237'o5 m

240 m
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At E.L, 780 |
- H = 233.5 + 16.5 =250 m

W B = 8433 x 290 x 2k
= 50,000 kvl

At E.L. 785
H = 2335 + 19 = 2525 m
.'. E = 8433 x 2525 x 24
= 50,500 I’
At E.L% 790
R =242y =S5

¥

o E =833 x 259 x 24
= 51,000 Ih

At ELLy 795
R = 233%5 + 2 = 297.5 m
'6:“0 B = 8333 X 25705 x 2
= 51,500 ke

Similarly for cther 3 aiternatiVes, the energy pi‘oduetien rates
are ag follows (Figures in thousand kwh)

B.L, 755 760 762 765 770 773 775 780 785 790 795 800 805 810
ALT 2 48,3 48,8 = MWL3 49,8 « 5003 50.8 5103 5168 5%3%528 - -
AT 3 =  « 497 5 50k% = 51 5165 52 5XR5 53 535 B -
AIT =« - L« BIN9 5201 5206 5301 5306 Sl He65501 55




Hour

Load

- (mw)

480
Peak

416

63,2

13
406

75.3

PPRANX - 7

HOURLY LOAD OF O NG SARDA GRID JOR 1,174

1 2 3 4 5 6 7 8 9 1 11 12
264 218 346 35 354 356 476 524 406 506 436 478

5.2 52.7 52.5 53,1 53.7 54 72.2 79.5 61.6 76.8 73.7 72.5

4 15 1B 17 1B 1® 2 21 22 23 24
498 482 542 55 628 648 656 628 40 406 B

75,6 73.1 82,2 83,5 95,2 98.4 1,0 95.3 66,7 61.6 54.5



680

640

600

560

520

480

440

400

360

PEAK LOAD-659 MW,
L.F-74-3
Av. LOAD-488-4

PEK LOAD SHARED BY
I.HYDEL~55.9 MW

2.5STEAM-120 MW
3.IMPORT-141

4.ROSTERING 290 Mw
659

REFERENCES

L GG TOTAL
GENERATION

320~ $S STEAM

GENERATION

280 HH HYDRO

2401

200

160 ;\/\//\/\/\__\
G G
Izost\/\/_\_/\/\/\s

80 I~

FIG. 16~ DAILY LOAD CURVE OF GANGA-SARDA GRID-I1.74

GENERATION




160
200

12

22
23
27
25
26
28
13
29
30

42
15

701
601

17

51
52
703

18

‘ 1]
OPERATION OF LA
DIMENSION FLO(1
DIMENSION 5(13)
READ 99,YsE
FORMAT (2F1044)
READ 1004 (FLO(]
READ 100s(C(I)s
READ 100 {EVRI(I
READ 100 »(ERG(J
READ 1005 (AG(Y)
READ100 s (SG(J) s
FORMAT (8F10a4)

vili=Y

M=1

DO 10i=1sl2
Al=0s 5 ERI=Ua
B=S5(1)

DO 20hi=1s2

DO 42 J=1,11
IF(S(IN=SG(J))1
K=J

KK=J-1

ADE= ((ERG(K)=-E
D=ERG(KK)+ADE
IF(N=1)22+22,23

-ER(IN=D

GOTO027
ER(IV=(ERI+D)/2
ADA=({AG(K)=AG(
AM=AG(KK)I+ADA
IFI{N=1)254+25,26
A{I)=AM ‘
GO TO 28 .
A(I)=(AI+AM) /2.
GO 1O 15

K=J )
IF{N=~1)29+29,3
ER(I)=ERG(K)
ACI)I=AG(K)
ER(IN=({ERG(K)+E
ACI)=(AGIK)+AI)
CONTINUE
EVII)=(A(I)*EVR
PUNCH701sI9EV(I
FORMAT(2HI=s15
ETCIY=E*C(I)
PUNCHG60L1414ETI(1
FORMAT (2HI=315
IF(I=0)3T917,418
REIV=(EI(I)+(FL
ERL{II=R{1)#ER(
ER2(I)=(R(I)~FL
IF(ER2(I))1514+51
ERZ(I):JQ
PUNCH733s1sR1{1)
FORMAT (Z2HI=s15

IF10a292Xs2HN=0s1

GO TC 19
REIy=(Ei(1)*100C
ERL({IN=R{T)#ER(
ER2(11=0,
PUNCH704 . 1% (1

$ GO

113 14
KHWAR RESERVOIR ~ PaKeGHOSHAL WeReDeToC
2)9Cl12)sEVR{12)2ERG(25)9AG(25) »SG(25)
sRULIZ2)9EVILIZ) o E1(12)»A(L2)9ER(12) sERLI(12)sERZ(12)

ysI=15121
T=19.12)
1s1=1412)
Yeodelsil)
sd=1s11)
J=1s11)

Zel3s42

RGIKK) I#(S{I)~SGEKK) 1) /{SGIK)=-SG(KK) ).

[
KKP)#(S(I)=~SG(KK)) )}/ (SGIK)=SG(KK))

TO 15
RIY/2.
/2. % GO TO 15

(I))/te64
)N
2Xy6HEVI{I)I=9F10e292Xs2HN=915)

Y sN
2XsO6HEI(I)=9F1Ce292X92HN=415)

O(IM/T3) )/ LIER(INZLI000e)4(1e/T30e))
1)710090,

Oliji/73e

v52

pLRICTIY»CR20IV 0N
2XASHRUIN = F50: 202X THERL(I)m9F10a292X s THER2( T )=
5)

Ge)/ERI(T)
1Y/71009,

SR 1o R2{T o N
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i.

' ‘s Total energy 4750 x 51,85 x 10™3

2&6 mkvh'e

AITERNATIVE b

(5109:+'55.6

Average rate of energy production = 5 -—) x 10&3

( 1075
=( =3 _5) x 1073

= 53.75 x 1073

L

s, Total energy = 4750 % 53.75 x 10™3
= 255 mkvh. |
Taking saving in coal as 5 paise_ -pe:f. ah of 'energy,

the benefit from saving in coal cost due to secondary power

would be as follows:

6.

1. For Alternative 1 233 x 0,05 x 10

1

Bs¢116,.5 lalhs
6

2, For Alternative 2 | = 240 x 0,05 x 10
= k,120 lalhs

3. For Alternative 3 = 24 x 0,05 x 10°
= k5,123 lakas

4. ForAltemative & = 255 x 0,05 x 108

= ke12745 lalns,
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