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P RODUCT'q 

1.01 	NEAIS 

The development and prosperity of a Country is largely 

dependent on the availability of power. Growth of generation 
and utilisat ion of power is aptly taken as the index of economic 

development of any region or 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 ground water resources for Irrigation 

purposes. Rural electrification for village industry and Lift 

Irrigation too has gained moment= in the past few years. As 

a result of these development activities and the rapidly grrw-

ing Industry and traction load,, the demand for power has increa-

sed. at an enormous rate and it became necessary to add a number 

of new schemes to augment power supply position in the plan 
period. Whtle the installed generation capacity in the country 

under all the categories of power stations i.e. oil, thermal 

and }Iydro was only a meagre 1363 MW at the time of independence 
(1947) it has risen to 1297 MW at the and 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 different 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 material (other sources of energy such as wind., tide 



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 power or a Thermal plant 

was being taken up to cater to the needs of the particular. 

region. But with the development activity becoming manifold 

and spreading over to wider areas under successive plans#  'it 

came to be realised, that to efficiently cater to the energy 

requirements. within the available generation capacity ,greater 

integration of the system over wider regions is necessary and 

thus came the idea of regional and supergrids. This is said 

to result in reduction of wastage of powez 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 Thermal. 

and Hydra together. In this context s  it is necessary to 

consider the system load, the load demand pattern and the 

part of the load curve the now plant is going to be assigned 

and its effect on existing plants in the system etc., and to 

know the characteristics of the two types of plants. 



1.02 t IAR;ACTERISTICS 3F ' RIB AL 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-

city of the country. So it may be seen that by far it is 
coal that goes for a3most the entire Thermal power generation 
in dia at pre sent and there fore for the purposes of this 

study, thermal plants are taken to mean those plants which. 
use coal as fuel. 

Though fortunately for us we have large coal reserves 
in our pountry it is a consumable resource and its use in 

steam plants for power generation is 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 some of the steam plants of U.P. like the spur 

(river aide), aarduaganj - A power house have lost about 47% 

and 16% of the initial capacity. Several other sr a ,l stations 
like Agra!  hucknow., Varanasi await closure as soon as new 

power plants are added to the grid Due to loss of efficiency 
of these plants the system 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 of 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 ! maintenance and repairs 
is much higher than for a hydro electric plant-"?) . Fuel. 
cost with a steam plant varies with the unit price of fuel 
and the plant output. So the cost per unit of generation is 
directly related to the plant output. The situation gets 
wo$se 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 it is not desirable to completely shut-
down the plant when not in use. A steam plant performing the 
peaking duty will therefore have a very low capacity factor 
and consequently high cost of generation. Due to these 
reasons it is desirable to run a steam plant at a high capa- 
city factor for greater economy. This is possible only by 
interconnecting a group of power stations so that at least 
sane 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 de scrib. 
ed earlier. Due to low capacity $actor for them, the cost 
per unit of generation would be higher. This shows that 
steam plants are basically not suited for taking peak load 
fran the consideration of efficiency and econc y. Thus 
Integrated operation of a group of steam power stations has 
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only the main advantages like pooling of reserves-, optimisa. 

tion of :overhaul scheduling etc. Stronger Interconnection of 

the system with the adjacent system represents an .additional 

alternative for meeting the load. (10) 

1.03  cH CT2STIC8 OY DRQ p7 ANTS & 9 RATION Ct 1.' ERIA 

Hydroplants utilise the energy of falling water to 

generate power. So once a stream is harnessed through a power 

plant, it provides an inexhaustible source of energy. Though 

the initial cost may be higher than that of a steam plant of 

comparable capacity the cost of operation and maintenance or 
a Hydro plant is much less than for a steam plants 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 gone-

rally works out to be cheaper. As water Is a renewable 

resource , delay in utilising the resources to generate 

hydro power causes a wastage of resources.®  whereas in case 

of all other type of power stations the resources are consu-

mable and costly. Uydro-generat .on directly saves upon 

these cons able fuel. 

A hydroelectric 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. 

So it is well adapted to provide reserve capacity at short 

noticeas might be required if some other unit of the system 
fails. Due to its fast response and versatile operation, 

characteristic€, it is always cheaper to have reserve 



capacity in Hydro than in steam. Incremental cost for meet- 

ing peak demand is very little for 'hydro as the generation 

is achieved simply by drawing more water frcn the - storage. 

A. hydro plant can be operated con eniently at any 
part of the load curve . It can run as a peak load or base 

load station or in any intermediate position. Running at 

a low capacity factor does not influence the cost of gene-
ration from a hydro plant as it does in case of a steam 
plant. However it has to be remembered that in case of 
Hydro, the capacity should not be reduced to below40% 
of the rated capacity to avoid cavitation effect and damage 
to the turbine runner. In case of thermal the capacity 

should not be reduced below +60% in general. 

A power plant, be it thermal or hydro would be 

seriously handicapped if run as an individual station so 
far as reliability of supply, reserve capacity, peak capa-  L 
bility and maintenance is concerned. Economy and efficiency 
of the system 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 thermal in the system provide addi- 

t ional advantages due to unique characteristics of hydro 
plant described above. 

1.04 INT& tATED OPEX~TION QF DIAL & BDL1O POWER PLANTS 

In general interconnection of power stations is 
intended to make the supply more reliable, efficient and 

economical. it provides flexibility of operation, pooling 



to 
9 - 
8 	::  

7  	: 	:; 	:•: 
6 

J 
J 

4 

3 
0 2  
J - 	 I  

0  SUN. MON. TUE. WED. THU. FRI. SAT. 

PEAKING CAPACITY 

OLDER STEAM-ELECTRIC CAPACITY 

a EFFICIENT BASE-LOAD THERMAL CAPACITY 

® PUMPING ENERGY REQUIRMENTS 

FIG. 2 - TYPICAL POWER SYSTEM WEEKLY LOAD CURVE - 

(AFTER J.G. THON-10 ) 



of reserves and efficiency maintenance. Due to interconnec-
tion it becomes possible to put each power station to take 
that part of time load curve for which it is most suitable. 

As 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 .rear-constant, 
high capacity factor throughout the day. They should be 
assigned to the lowest part of the load curve (Fig.2) to 
take advantage of their characteristics. Peaking units 
are allowed to take large-power but low-energy short term 
peaks of the order of I hr. to 3 hr. at highly variable plant 
load factors. Between the base load and peak load operating 
ranges, a4.der and less a `ficient thermal plants of the system 
should. be allowed to operate to carry a fairly large load of 
medizn variability over time spans of 5 hr to 15 hr. Beyond 
this load requirements a fast-response spinning re serve should 
be kept to meet the forced and scheduled outages and unfore-
seen variations of load. flydroplant is most suitable to meet 
this load due to its fast response characteristics which Is 
instantaneous with load variation. So 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 generating units are rather unsuitable for effi-
cient and economical operation. Introduction of storage 
hydro plant therefore directly contributes to the Improve-
ment of economy of steam plant by enabling it to operate with 
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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 secondary power due to 

excess availability of water is absorbed in the grid by 

reduction of load on steam plant. This firming up of secon-

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 converse is not true. A proper3, r designed storage hydro'. 

plant whioh takes into account the stochastic nature of input, 

can operate efficiently and economical]y to take its designed 

load. 

Apart from this aspect a storage hydroplar has addi-

tional.. benefits of integration which create large economies 

of scale. These have a direct effect on the plants downstream 

. due to regulation of discharge as also of integration. Studies 

made on a portion of, the T.V.A. hydroelectric systems as shown 

in Fig. 3 is a typical example in this regard. 

"If only the Apalachia plant were constructed, 11, 00 

KW of firm power 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 iw2,B00 IW. The change from 

11 9700 to 33,700 illustrates s how upstream storage reservoirs 

Increase the firm power potential of downstream plants by 

increasing 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 



FIG. 3 

(AFTER JAMES AND LEE) 



depend almost entirely on upstream.. The firm power could be 

increased further were the system operated with the sole 

objective of generating power. rather than with additional 

purposes such as flood control and Navigation" (James &C Lee-17) • 

TABLE 1 

HYDRO :LEC; RIC PLANT C0NTUBUTION TO SYSTEM PR AY 'POWER IN 
KILOWATTS 

Power from -- Down- Apal .chin Htwassee 
stream 	 •power 

from 
Apalach 	, 600 33700 • 34300 
Hiwa ssee 3600 3900 20000 27500 
Notteiy 1800 1900 1100 	3,400 8200 
tiatuge 100 3300 . 	1900 2400 	10700 

Total power at X2$00 23000 	3400 •2400 

Another advantage that follows integrated,  operation of 

more than one storage hydroplant is that it gives scope to 

increase the firm energy over that could be obtained by indi-

vidual operation. A typical example in this regard is the study 

of "Optlmun P rm Power output from a. two reservoir system by 

incremental dynamic pr'ogr ing" done by Hall, $arbo@, Yoh & 

•T system opt 1ised is shown in F .g. • 

it is reported that by joint operation of this system 

improvement of firm energy by )+.8% to 20% could be obtained 

depending upon annual firm water contract as given in Table 2. 
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TABLE 2 

FINAL BSULTS AND DWROVEM S OBTAINED THROUGH.  THROUGaJODT DP. 21ON 

Annual firm water IS= of individual Point Optimum firm I improve- 
o 	 loptlmudm firm 	lenergy contract 	I anent 

SHASTA I FO OM lonergy contracts 	MWHi' E. a 	1 % 
I MWLAR 	1 	 .1 

2 	 3 	 5 

3500 700 961995 

3500 800 98920 

3500 900 927316 

3600 700 8881+18 

3600 800 87531f3 

3600 goo 853739 

3700 700 717718 

3700 800 704603 

3700 900 683039 

1007752 .8 

996587 5.0 

979655 5.7 

961551 8.2 

951335 8.7. 

940387 10.1 

845982 17.9 

870 19.3 

818577 20.0 



A storage hydroplant in the system will have a direct 

effect on the plants downstream due to regulation of discharges. 

xn case of runoff the river plants, the pattern of generation 
will significantly change due to the upstream storage hydro- 

plant. 	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 downstream pmt, provides 
additional irrigation. 

From the above discussion it transpires that not 
only does a storage hydroplant produces its own power it has 
a significant effect on the entire system when interconnected. 

I.i 5 

Planning now needs an in-»depth study of all the 
aspects of integrated operation. The interaction between the 

system elements require careful evaluation before the optimal 

size of development can be arrived at. This makes the stet! 

extremely complex. wings get far more complex if # public#, 

social, enviroriental and esthetic values require to be consi-
dered. In such a situation conventional methods of design can-

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 as explain~- 
ed earlier. Utilising the most common ob, ective of maximis-

ing the net economic bane fits, techniques of mathematical  . 



modell 	can be applied. Bit for a water resources system, 

it becomes t%siatlY necessary to simulate the detailed 
sequential operation of the systems, representing the manner 

in * ich each e). engirt of the g+r st em will function under 

r eali st io condition's of inputs and requ renit s of the 

syStam. 

1.06 	ORS 	. TtJIDX 

In this dissertation, det err nat ion of the optimal 

scale of hydro.developmeat for a re servo Ir hydro schene 
with runoff the river schemes on the d wn Cream has been 

taken up for study. The reservoir schene considered is 

the p ropo sed Lakhwa V7asi complex under Yarnirna 'Palle7 
development scheme. This project on completion will be 

linked with the U,P. power qy en. 

Since the project will be Interconnected with the 

1J,P. Grid the features and load oharaoteristics of the grid 

have been taken into account In the &udy ad the system 

load for the year 1972-73 has been considered, 

It ii, s preened that the monthly distribution of 

energy on the syst€a will remain the sane vhen Lakhwar. 

Vyast scheme comes into operation. A signlficantshift in 
the distribution pattern is not anticipated$  even through 

the energy requirement may be higher, 



of power bill continue in the Auk; a as well, ivituaUy 
this would. be a g big blow to the growth of Industry in 
the region. 

Coring the projected figures of 1972-73 with 
the actuals, the picture Is oven more 4jsiuiet1ng.while 
the poakdennd being 1688 .ru reached nearly the project. 
ed targets  the installed capacity and consequently the 
peak capability reined fa short of the target, which 
moans that the :system tell short of both in it,- peak 
capacity as well as ene sy potential and not energy 
potential alone as reflected in the survey. ' The maximum 
and ndnimum daily load average load and load factor of 
tie U.P. Gib to which 1azmna Valley Power system will be 
connectedare shorn in Table. Two daily .load curves for 
the flange Spa Grid during peak periods are also show 
in Figs* From these curves it is seen that there is a 
large gap bet?een the 4G1nd and sU 1Y a :d it power poten-
tial is not rapidly. developed In the region chronic shar- 
tages In future is not ruled out. 

2.02 BA I $ OF P &AFINING OF RYi3BO PLfNTB 

Out of tho 8 bydro power stations only Riband and 
0 bra c©lgplex has storage hydro plant. Z4atati1a power 
plant utilises the Irrigation releases for power gonera-
bion, arc all the rest are run-of -the -river and canal 
plants. None of the power plant except Rihaid Complex 
have any regulation facility. They are entirely dependent 



modeling can be eppi ied. But fbr a water re sources .systen, 

it becomes usually necessary to simulate the detailed 

sequential operation of the cyst em!  represents g the manner 

in ti ids each el anent of the g' stem will funet ion under 

realistic conditions of inputs and requir enent s of the 

system* 

In this d .ssertation?  deterginatSan of the optimal 

seal e of hydro- developm ent for a re servo it hydra sch ate 

with runoff the river schenes on the do stream has been 

taken up for stu ,y. The reservoir scheme considered is 

the proposed I►akhwau.Masi. complex under Yaflufla Valley 

development scheme. This project on completion will be 

linked with the U.P. power  

since the project will, be interconnect ed with the 

LP. Grid the features and load characteristics of the grid 

have been taken into account in the stt u dy acrid the sy st an 

load for the Year j97273 has been considered. 

It is p resumed that the monthly distribution of 

energy on the system will remain the sane when 'Lakhwar- 

W ast scheme comes into operation. A significant shift in 

the distribution p att em is not ant icip at ed, even through 

the energy requirement may be higher. 
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CHOTra = ix 

U.P. P1  

2..01 U.P. POwiR33TiM 

The power system as On 1.9.76 consisted of 9 hydro" 
poorer stations and 16 thermal stations. The list. of these 
Fewer statious and their installed eapaa ty is given in 
Table 3. The totalinstalledcapacity of the power system 
thus works out to about 1843 r, which consisted of 70 nr 
of hydropower a ; 1152.«5 my of thormal power. The system•
load for the year W!273 is given In ¶ a 1e 4. 

The installed capacity, peak capability,, - peak 
load gross.rgin, Energy potential and Energy require. 
meats or the U.P. Power System as givoain the 7th Annaul 
Electric Power Survey of India may be seen from Table 5. 
This rr, ies a quite interesting shy. The figures from 
l96-439 t 19?Q-+71 in the above survey represents the 
actuals over the years and those from 197 -72 to 1974-7  
are projected f .gures. The survey ,dicates that there 
will be no sb3rttaU in the peak capability of the system 
if the projected figures are achieved. But there has been 
shortage in the energy pot iti.a1 from 1971-72 onwards 
tough .prior to that period energy potential had balanced-
the energy requirements. This is a grim picture for the 
state so far as growth of generation is concerned and it 
this unhappy trend is not arrested, chronic shortage of 
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of power will continua in the fut re as well* : veatoa11y 

this would be a g big b17q to the growth of Industry in 
the region# 

Coapar .ng the projected figures of 197'2-73 with 
the actuals, the picture is even n re 8isuietng.whiie  
the peak dew bejn 1588 nr reached nearly the , o4eeta. 
e target, the installed capacity and consequently the  
peak capability re fined fay short o the target, which 
means that the system fell short of both in its peak 
capacity as well as energy potential and not energy 
potential alone as reflected in the survey* , The maximum 
and nijnjmwn daily load, average load and load factor of 
the i  ,P. Grid to which Yairnna Valley Power System will be 
connect 	are shorn in Tables Two daily load curves for 
the Ganga ;arch Grid during peak periods are also shown 
in Figs. From these curves it is seen that there is a 
large gap between the demand and s illy and if . Qwer Poten-
tial Is not rapidly developed in the region chronic, shor-
tages in future is not ruled out 

'2.02 BJ 31C OF PLJXULING OF B1R0 PINT$ 

Out of the 8 hydro power stations only Riband and 
O bra complex has storage b Oro pent. ZtatiJA power 
plant utilises the irrigation releases for power genera. 
Lion, and all tha rest are .run of .the -river and canal 
plants. None of the power plant ezcept Rihand Complex 
have any regulation facility. They are entirely dependent 



on the river flows and accordingly generation pattern 
seat from them follows more or less the hydrograph 
pattern subject to the installed capacity of the plant. 
They are run as base load stations to utilise the avaj. 
lable flow to the maximum extent. As the fir during  

monsoon is more, generally the power generated by these 
plants is more `during this period and it gradually reduces 

with the decrease in flow± 

storage hydro plant Usually take the Peak load 
of the system. The basis of planning  of the existing.  
storage and run-.of-river bslroplant in the system is as 
follows*  

(i) RIND - QBR1  

This is the largest and Co called single storage 
h rop lant of U.? . power system located across river 
11ba ad in the eastern part of the State. Riharid power 
plant has an installed capacity of 300 M consisting of 
6 machines of 6Q lid each. It is designed for an annual 
load factor of 33g. The continuous power. is 106 MI 
The annual energy output is 900 sWb. 

Obra Power Plat which ti „ses the releases from 
Bihar Power Mouse has n installed capacity of 9 
consistingsi 	of 3 machines of 33 I each, The ann load 
factor is the same as Biband i.e. 333. The annual energy 
output is 300 b-wb. 
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Uii) M TA .LLA 

This is a small storage hydro plant of. 30I 
installed capacity with 3 achifles of 10 4 each. It  

gets filled up with early rain and thereafter it is 
run as a base load station. For the 3 a r th , July, 
August & September it generates contirn2ous power in 

accordance with the in l 	capacity and for the 
balance 9 months it generates power, according to the 
availability of stream flow and irrigationrequire''  
me xts which is the main pv poso which .tatilla serves* 
When Irrigation requirement is more power g crated is 

more and when the requirement for Irrigation is less$  
less soarer is geierated. Subject to availability of 
water, power generation is guided by the requirements 

of Irrigation. 

(iii) GIiNGA CANAL POWtR HOUSE S 

This consists of a group of 8 sma . power houses 
on the Gangs Canal having a total installed capacity of 
45 lei. The offoctivo capacity of these , ower houses Is 
only 30 M. so even it more water is ava  table in the 

canal the same cannot be utilised to produce power 
according to the ins1Ued plant capacity. The effective 
capacity of this group is. decreasing 'every years For. 

the prt for 6 months fromm W.yo October full power 

is generated subject to effective capacity of the plants 
and for the balance 6 months only about 50 power is 
produced. The annum. load factor is arour. 70$. 



TONS R. 

KISHAU DAM. 

AND P.H.(P) 

235 CUMEC(MAX.) 

WATER CONDUCTOR 

TUNNEL CE) 
ICHARI 	 VYASI 

DIVERSION 	 DAM (P) 
DAM ( E ) 

YAMUNA R. 

LAKHWAR DAM 
AND P.H.(P) 

POWER TUNNEL (P) 

CHIBRO P.H.(E) 

4X60 MW 

HATHIARf P.H P' 

POWER 	
DAKPATHAP t3A:,RA•,ECE) 

TUNNEL CE) 	 l  

KHODRI P. H. (E) 	
200 CUMFC 

4 X 30 MW 	
I POWER CHANNEL 

REFERENCES 	
DHAKRANI P.H. 

E - EXISTING 	 3 X II•S MW (E) 

P - PROPOSED 

P.H.-POWER HOUSE 

DHALIPUR P. H. R. -RIVER  
3X 17 MWCE) 

GIRT R. 
ASAN R. 

159 CUMEC 

POWER CHANNEL 

KULHAL P.H. (E) 

3 X 10 MW 

TAJEWALA 
HEAD WORKS  

(E) 
EYC AND WYC 
IRRIGATION 

(E) 

FIG. I - YAMUNA VALLEY PROJECTS SYSTEM 
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(iv) 

This is a canal power house with installed capacity 
of 41.4 144 consisting of 3 dbines of 13.8 I Capacity 
each. it generates full power during summer and rains i.e. 
for 6 months from May to October. or the rest part of 
the year it generates about 50% power,► 

2.03 	ojoN  
All the above hydro stations, form part of the U.?. 

$,stem. Presently y they are run in Integrated system 
coq rising of mainly thermal and hydra stations in 
accordance with the system load 

Under such a situation individual design of a 
bydroplant is at relevant Hoar. The system must be consi-
dered as a unit for any proposal for additional power 
station. Generation and transmission would'riaw require 
evaluation and etcp optimisation for the projected load. 
In this regard operation research techniques are party.- 
cuLarlyinefu1 for systematically evaluating the decision 
variables. 

In such a process, theinstallations that are 
already in existence would be mostly constrained by 
their cIraeteristics and capacity etc. The instaiia,. 
tions which are under construction will also introduce 

• constraints so far as optimisation from them i s concerned 



But for all. proposed Installations there would be a 1t of 
flexibility and decision variables corresponding to the 
optimal design can be arrived at. This would require framing 
of a stitsb10 Operation de3. of the systems for simulation. 
which is considered to be the best method for solving the 
overall .problem. Other tee miquos such as linear programmdng 
and dynamic programming are not capable of solving the over-
all problems but can be applied to limited portions 

244 NED FOR REVIEW OF RAflON 

The objectives of eater resources system operation 
are usually fixed for any particular plan of development. 
These are expressed In terms of operation rule p that specify 
qu4ntities of water to be released and diverted, quantities 
of power to be generated, reservoir storages to be maintained, 
zwindatory releases for downstream commitzznt etc. These 
systems operation rules will immeUiately -get upset as soon 
as a new Installation comes up in the system* :o when a new 
scheng is proposed to be added to the systems  i t would be 
nocossary to study  again the overall problem and the - effects 
that the new Installation would have on the existing system. 
The entire system would again require optiznisation to work 
out the optimal sizes of the proposed development. The pros-
0088 of review and optimisation is not only applicable for 
addition of now generation but transmission alsq. 



INS 	CAPACITY OF 1J.P. POWER 8!ST i 

(as on 1.9.1975) 

Lea of Power 
Station 	 al j Capacity Q 

	
REM ARK S 

to 

.Bihand 	Wdro 

Dhal ani _ .Hydro 

Lhalipur Hydro 

Kulhal Hydro 

8 Power stations 
of 

Ganga Canal Hydro 

$hatlma Hydro 

Matatila flydro 

6x50 = 300 Stage Scheme - 105 Mkt - firm 
900 mkwh units Per year 

3x33 = . 99 

3x60 = 180 one more unit of 60 nwill 
be commie sioned within a few 
months 

3x11.25=33. ?5 

3x17= 51 
1X10 = 10 2 more 10 	W units will by 

be commissioned shortly. 
These are sm all hydel power 
stations and the effective 

1f5 . capacity is about 3 	MW & is 
decreasing every year. ~t 

3x13. &f I .1f  w 	' Ica as rat*vibAe;povt to 
itc 	 ab e . L. F..50% approx. 

3x70 = 30 

Obra. 	Hydro 

Ohibro 	H►dro 
(lamuna Stage II) 

Total. 	790.95 MW 

Small micro hydel sets installed in the hills aggregating 
to about 2000 KW have not been Included in the above figures. 



Nameàf Power 	LIydroj instil 
Station Thermal *Capacity It L'1 A K Z S 

t bra Thermal . 5 50 = 250 One more 100 MW set will 
be cotr tissioned shortly 

Renugagar Thermal 2x62.5=1 25  

Panki Thermal 2x32 = 	64 

Kanpur Thermal 87.5 Being old, effective 
(River side) capatSty is only 50 MW 

Mainpuri THERMAL IC These are old power 
stations and the effect- 

Mau Gorakh- Thermal 1+5 ive capacity is only 35 MW 
Pur Sohawal 
10 MW each 

Harduagan4 

,.- Power House Thermal 3x30 = 90 Being old effective 
capacity is only ̀ 75 MW 

B- Power House Thermal 2x5O)_ ay0 

Agra Thermal 20 These are small thermal 

Lucknow Thermal 20 ) 	Power Stations and 

Varanasi Thermal 	- 15 may perhaps close down 

Allahabad. 10 in a few years due to 

Ch 	dausl 6 ) 	being old. 

TOTAL 	1152.5 MW 

Old less efficient Thermal Stations 	303.5 14W 
Effective Capacity 	210 MW 

Efficient Thermal Stations 	 8 MW 



LII LY ADDITIONS TO T1i YST M FROM SCHEM ; UN1 R CONSTRUCTION 

Name of Power Hydr© Installed QAflticipated date of 
_Statiofl Thermai 	1 J4.W. *Ccmrn1ssion in  
Ramganga Hydro 3x65 = 195 Expected to be commissioned 

by 1975-76 
K~ic~d~ci Hydro 1x30 :- 120 Expected to be commissioned 

in next 2 years 
Rishtkesh Hydro 1x36 = 1 Expected to be completed in 
Hardwar next 3 years 
Scheme 
Manerivali Hydro 3133 = 99 
Stage I 

Add for Chibro & Kemal 80 

638 

Panki Thermal 2x110 = 220 Expected in next 2 years 
Harduagan j Thermal 2x55 	= 220 Expected In next 2 years B-Power House irUUO) 

Obra 	Thermal 	3x200 = 600 Expected . to be completed 
in next 3 years 

•, 	 2x200 = 400 Expected in next 5 years 

1440 Mid 
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3 i 01 1U1tJNA VALLEY  VIN  NT 'OR HWRO P OW1R 

Zn the Western parts of Uttar Pradesh, 3 una 
Valley Development Schemes provide a large hydropower 
potential which is now being tapped f +c augmenting hydro.. 
capacity of the system. Laktz ar - Vyasi project Is o ae 
of the projects meter this dev opmentprogram. A brief 
description of the muoa Valley Development !roan  is 
given below. Fig. 5 may also be seen in this connoctiou. 

The river3amur uad its ma3or tributary Tons 
provide a large irrigation and power pot tial on account 
of their perennial flow and physiography. Presently almost 
the entire non.- nsoou flaw is utlise4 for irrigation from 
the headwcks at Th. jewala. The power p text tial which remain- 
ed untapped previously Is now being developed in a phased 
wren. Investigation.- have been made for the past two 
decades for a comprehensive development of the available 
water resources by construction of a series of run-of.tbhep 
river and storage schemes. As a result of this a number 
of power schemes have come up in series for maxim= utilisa- 
'lion of the water resources for generation of power. The 
power houses which are already constructed are Dbakranj and 
Dhalipur, Against the power houses under construction Cbbibro 
arid Kulha1 power houses are nearing +cwmiet.ton and Ibodri  
power house is in progress 



I n the neat phase the projects which are under 
active consideration is the iakhwar-.Vyasi Scheme* This 
project will affect the power generation from the Yam 
Hydel Scheme - Stage I projects of Dba}zrani and Dbalipur, 
and cu.1ha1 Power station of Yamuna Rydro $$1ectric Scheme 

Stage IV. 

3.02 .LAMUNA s VEL 8CHUM STAGi I 

Zak H, d el : c heme Stage I is 4. run tx 'tbe-river 
schema f+ r generation of power utilising a drop of about 

50 rn a v i ble in the river Yamuna between Da iatee and  

Phalipur near the confluence of river Asan with YAmuna. 
This has been achieved by the construction of a barrage 
at Dha at ,r (just downstream of confluence of Tons with 
'3 cmuna) to divert the river supplies into a power channel 
Paz generation of power at two power stations. The releases 
from the power house join the river Asan L littio up stream 
of its confluence with Xamuna. The stage I scheme coil l'tses 
the following worms. 

+ 	Da4ath r barrage with 25 bays of 18.3 motors  
each across the river Yamuna to divert river 
water to the power channel. leading to Dhawani  
Power House. 

(ii) 	?over channel 13.6 km long with a capacity of 
200 curnecs for feeding the power houses at 
Dbakrani and D ha lii ur. 



(iii) Power Station at Dhakrani, 7.8 km from Dakpathar  
with installation of 3 Machines ;of 3.1.6 nr each. 

(iv) Power Station at Dhalipur, 13.6 k from Da1atber 
with jnstaliatjon,. off' 3 ucbines of 17 I1 each. 

Tail race  channel 0.6 km long falling into the 
river As , 1#6 km above a the conflieuce of rivers 
Alan 

(vi) 	Bar  ago across river Asan to divert its floc as 
re .. as the a .eases from Dhalipur power House 
to generate farther power. The barrage is 288 m 
long having 14 bays of 18.3 in length. This diverts 

water through a power channel to Ku bal power 
house car er construction wY ,ch will utilise a. 
f ail of 18.4 a available between Asap barrage 
and Villago Kulhal on the left bank of river 
Y'v. a . The barrage has ponda;  a 1.6 nim3  of 
water art is designed for 1600 oumecs discharge. 

VN B ROZ CT. C SCH MC STAGE IV: 

It consists of Kul al Power House with  wthinstaUa  
ton of a mChinos of 10 1i each. The tail race channel 
downstream of the power house is 0.36 km long and joins 
river Yana, 

The above mentioned works der Stage I are 
already comgletede Only one 10 mw unit at , ulbaJ. power 

i station bas been co2mrtgsj.onad so far. Apart from 
tho above schemes#  presently Stage 11 works are going 



on$  a greater part of which Is already coieted. 

A brief description of the Stage 2I scheme Is 
given below. 

01 
3.O MNA HLJ L $CE3E TAG 11 

Otago IT, Schema co ri6es of those across river 
Tons * the ior tribute y of river uuuna. PundamentaUy 
it -envisages the utijisation of a taU of 186 m available 
between Ichari & .Da. iatl ar in river Tons. The schema 
consists of two parts i.e. (a) Part I and (b) Part U. 

.3 	dirverston dam across r ver Tons at Ichari., 
to divert the river flow to G .bz'o power house. 

(ii) 	Uncirground. power house at Chibro which utilises 
a head of 3.24 m for generga ion of power from the 
flow of Tons diverted at Icharl. It is proposed 
to Instal 4 units of 64 mw capacity each in this 
power. Out of this 3 units hve been alreadyr 

nstal .ed, The releases from this ,pager house 
is taken in a syphon tunnel across Tons to 

odri power beuze for ,generation Of power. The 
work is in 'ogress for inataUation of the 4th 
unit at Chibro Power House. 

The part II of the scheme consists of utilisa-
tion of the releases from Chibro power 1use for genera - 
Lion of power by utilising a head of 62 m available 



a 

27 

betVeefl Chibro ai Da ps h 'r A 7.5 m dia tz nel 5#9 t 

14ng and baying a capacity of  236 cur ecs conducts the 

water from the C bibro P.1. to the Jthodrj surface power 
house 3ocated just ukpctream Of the barrage. It is pro- , 
posed to instal 4 units of 3Oinz capacjtr each in this 

power house. 

Being on a Separate river, Lahwar Vyasi Scheme 
will not have any direct influence on their generation 
except ti=o h. intogra ,of. 

3.0 
Ti S scheme envisages. on uc ou of ,a storage 

dam at akhwer 8M picp dam at Vyasi for generation 
of purer. In case of . war dam,, the power "house wt , 
be .locate. at ' he foot of the dam. The V asi dam which 
is ocat about 5 km 4vnatrearn heading waters upto 
toe of X chwar dam will divert water through tunnels to 
feed 4 surface )cwer home at Bathiar.. 

3.O  7 	ROJEC T L PI.QPO&ID ; 

A 3.92 high concrete darn has been proposed to 
store g0 =3  of wat "' with full reservoir level at ,  S.L, 

796 000 m. The tap of the dam has been Pied at ir.L.80O.O 
z, Tis -jilt create a maxi.rnum gross head of 166 ra for 
power g eration at the toot of the dam, Installed 
Capacity of 300 n f consisting of two units of 160 ni 
each has beeA proposed for the power house. Wither 
auxiliary concrete dam of height 61. m is proposed 5 km 
do stream of the i,akhwar darn near Vyasi . Waters 



,collected at the proposed Vyasi dam will be conveyed 
tbroug1 two 7 m dia. power 't 	is each 2.5 km fang to 

a surface power use at Hatbiar , with an  installation 
of 24I0 u Consis tin ,g 4 units +4n each. both the  

La zwar aid liatbi aDi. power 	et* are proposE4 to be ran 

as 'Peak load stations and a barrage at atGpEthQr, 2.5 
lam do str m of ' ba proposed 1itbiari power house, will 
serve for b3aanoing the discharge from Ratbiari. -A 
uniform discharge will thus be re aced from 
pates. 

Thee a - ;ar Vyasi project would thus add 540 
of pea 3 powerr to the UJ .grid. 

The gross storage of the reservoir behind the 
Lamar daze will. be 0.47 % aft, (580 mm3) The sedimentt 
load f 100 rears life of the reservoir k s been esti-
mated to be 0.2 a aft ( 7 £an) which correspondss to 
I .L. 762.00 m The live storage of the reservoir will  
thus. be 0.27 in aft (33$ mom) corresponding to . .L.?96.0 

m. Xt Is etated stated that the Geological conditions are such 
that the depth of ' stripping incz'eases considerably above 
o.L.8OO.O0 along the left bank#  Tie quantity of exca va.. 

Lion and concrete would therefore increase d sproport on-
atol7- with the height of dam it it is carried higher 
than .S.L.800.Oa. 

The irrigation b.efitu from the project will 
be derived di to increased regulated flows through the 
power houses on account of st age created at Lakb ar 
reservoir. 



3.06 OPJ iTION CAM A 
Lauer-V,yasi project Is essentially a power 

project for generation of peak p er°s, The grid requirement 
O peak power is ,Maxims during winter.- The system lad 
figures of 1972Z3 stews that the naximw1. load during Winter 
was I ar which is the annual peak for the year. The 
criteria for release of water from 	dam has boon 
fixed for release of water In a per that ensures genera. 
lon of attest a specified- proportion of the annum: energy 
output in accordance with the system 	.. This will enable 
the system to have The requisite load and energy capacity 
in different periods 	or ty with the load curve. 
Water availability .ty at tijewala being more than irr i tion 
reguirornorit during the uOnoon nonthn of July to October, 
the status of Irrigation will ron in uuitfeeted during 
this part of the 	so far as the effect of La war darn 
Is concerned. But In the noes nsoon months from November 
to Jung the utilisation of water for irrigation is severely 
constrained by the stream flow. Therefore, at the .least, 
the, existing contribution from LaMar must be released 
during this period so as not to disturb the existing  
irrigation facility. The irif10 at Lamar -during the non- 
nonsoon monthss from Nov ember to June therefore becomee 
maxdatory. it bas been ensured that the releases during 
this period did not fail below the inflow which is nda. 
tar y. The system load demand pattern will invariably net 
this requirement because requirement for power in general 
Is more than what tho norval infer can generate during 



this peri . The additional water over the infer released 
in this process produces additional power in the downstream 
Te rw Z the river plants and additional Irrigation from 
Ta j owala head works. 

With this bacisgrouzxt, the foJlowi , crjter, a 
has been adopted for reservoir operation&. 

t . 	Operation etarts with reservoir full at the end of 
mousoon j.ea. 1st November. The surplus water avaj]bje 
during monsoon goes to fill up the reservo . 

( 1) 	Reservoir will be empty at the end of nonnnnsoon 

period i.e. at the end of r une , 

(3) The mvnthl releases . from the reservoir are in 
accordance with the monthly energy distribution 
pattern of the system. 

(4) Additional release during the nonmonsoon period 
produces additional power at the downstream runofi. 
th a-rhver plants in accordance with their t~~ 
energy relationship, the average bead being nearly 
constant. 

The reservoir., operation Studies have been xrde for 
90 availability inflow. 



oil 

E% D33SCRIPTION F.  ThJ PROBLEM FOR 6OLUTION 

4.01 	aowax.  
Discharge data of river Xamkma at Lak1iar is available 

for a short period of 7 ie s only from the year 1968 ( Aen- 
dix I) tc 1974. 	is is not adequateo for the pi poses of 
design. Thoreore It has been decided to use the extender 
data for La1thwr as g .ven in the pro sect report (Appendix 2) . 
90 availabilityy flgures have, been worked out froin the above 

data in accordance with the dependability cnitnia for power 
supply schema. These are shown at the and o Appendix 2. 
From the extended data the year 1939 has been discarded as 
an extreme event to arrive at the 900 availability figure. 
The annual Inflow thus works out to 15550 . ct c !a y. The 

i 

average inflow from extended data is 20,700 cumGc..day and 

that from the observed data is 20,774 cumec .y . The 

lowest fir recorded within 7 years of observed data is 
15,320 cure,-days, 

The characteristics of the proposed La1 hwar resen 
voir is shown in Table 6 below ; 
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1.L 	X 	R A 	I GROSS ,,gaACTTY X CU -DAY 

750 u5 235 o 
752 530.' 27.O 0 

• 778 7,80.0 407.05 4710 

796 965.0 580.0 67 0 

Soo 1022.5 6U.49  7080 

806 1070.0 672.26  7780 

$10 110.0 721.59 8360 

814 1160..0 770.93 8930 

$17 1200.00 800.0 9260 

The x au Possiblee clam height has beau pre«iecided 
On the basis of the following considerations 

"The Geological investigations carried out so far show 
that a dam withits top upto ].L 82 .Q can be constructed at 
this site after takjng proper precautionss for the left bank 
spur. The height of the dam has be+ t consideV ed 	i ,' po s si . 
ble on account of the rock and the topographic features of the 
left bank spr. There is however deep overburden of the order 
of 5o in at the highest elevation of the left spur at 1.L.8 o.0 
and a fair quality of rock can be expected at about l L.810.O in 

only. fence a darn with top below elevation 810 xa would be pre-
ferabie from geological point of view" 
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i)  z Cio*kc Qttes 	 - 

Economic studies included In the project report 
states that the concrete quantities above L. •«800.0 a 
increase at a faster rate in proportion to the benefits, 
derived from jncreasfA height, Accordingly the height 
of the dam is sought to be txed with .top at 800.0 m. 

Due to above constraints maximisation of power 
o' tput has not been attempted for higher levels of  
storage booz 810.0 in. 

The storage-elevation and areaelovat&on plat 
of the reservoir is shown, in Pig.6.  

For and and se grid regions evaporation from 
the reservoir would be considerable and therefore this loss 
toed be_ considered in the design. The procedure used to 
calculate evaporation losses is the use of evaporation 
coetf cjen s which are the average month l' evaporation  
rates for various months of the ;year observed in the area. 
The amount of evaporation loss would be given by tho 
equation 

VtAt. ] Ct  

where 	E Ct represents the evaporation coefficient or 
the depth of evaporation during the period t, But since 
At Is a unction of storage, flow, release and evaporator 
loss itself, a direct estimation of D Vt is not possible. 
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his Is ca Lculated by successive iteration in the operation 
Model. The aonthl evaporation coefficients a given in -
the Lahwar project report are showi in Appendix 3. 

4.03 Pfl0IOS CD ?OW  PL&T 

The average to .l water elevation for the power 
p3arAt at Lauer dam is LI. 630.0 a. The peals up dam 
at ' , sj located downstream of Lkivar dam diverts the 
releases from LaMbwar power house to ieed Hathiri power 
house. The average tail. water level for Ilathlari power 
house is . ' L.5i8.5 m~2 +) . The two power he uses have 
therefore been combined for. purposes of cal ulation. 
Corresponding to different storage levels,, J nergy produce* 

.on rate has be  been worked out , assuoing the overall effi-
ciency of the power plant as %. Inerg,y production in 
kilowatt-hour per cur e + y of water at different eleva.- 
tion is given In Appendix 6. In the operation studies 
these values have been used. Other tactoxs such as vaxja. 
tiLon of pUint efficiency with head, turbine leakage, opera- 
tin& efficiency urx.er partial load, etc* have not been taken 
into consideration in the present study. 

The storage.energy prod tion rate and storage.. 
area plot is shown in fig. ?. The relationship ' utiliod 
is, power = 8.33 Q.U. where Q Is the discharge in cuxzc 
aM I is the head In 'no tar. 

The energy demand coefficients for different 
months are given In Appendix 4. in absence of daily 
load f actor, tbe*a aDo arrived at by averaging the aaximat 



arid i4nmuin load of each gay and mul' p1 yin It with 

' 2 4 for ftnM1 the dally energy requirement. The same 
s been added up for aU the days of the month to 

ar jve St the month y requirennt of energy. The 
ratio ofmonthly & t1 ate . requirent h&s been 
'off*ate for each month. iugb those coefficients 

are only approcinate they y be 	 as. fairly 
cativo of the acnth2y energy distribution pattern 

of the a ystem.  

,4.Q 	fl3 	1 

Da pathar barrage. across Y t 	locateU 4ovno- 

tre m 	aka .» s .  p o e is relevant ifl this 

V 

VV 	As already stted this barrage d .vans water 
to Z)bkrni power bosa.. Tbe ,axiiazm water that can be 
diverted,  at, tag point- is Liiaited by _;ors existing power 

oi 2€ 0 	e ; , The d version is lso 
co tra ned by the fact that water in excess of the 
jnstal3id plant capacity is of n use.. The relesses 
from D 	 owe house I  Is fedinto DhaLjpur pow 
house and the releases from Dhaljpur are let iibo AsGfl 

river upstream of J.&an barra.e for diversion  to lulba1 
power house * The powerbanriel is 4 : 	long with bases 
width OX 11 m and side slope l8 s I. The bed slope of  
the power channel is Q.11 u2/ u2/m havinga discharge carry- 
ing capacity o Qo cu zc c. A bye.»pass for full di 	rg- 
1% oap city is provide d at the power house to escape water 
in the event of sudden closure of the power house, 
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Lakhwa.rstorageschen w 11 have a direct effect 
on the tree run f—the-riv er power plants Dba&rafli, -: 
DbaIipur and KuThaI. For the prua poses of calculation of 
additional power on account of Zaklar storage Scheme 
the tb' ► power houses have bei coxntined. The total 
average head for the lree plans is 68.4 rm. Msunng 
85 overall efficiency of plAnt one 	c- ay will 
produce  

*33 , 	z 	.4 	2 : 

,fib of energy it passed through all 'rho 
three p nts. This relationship has been utilised in 
calculating the additional power that would be avaUAbe  
from the three r i-fit-the-.river plants due to regulation 
of discharge  by Lakbwar storage sc am . 

4.06 UDA1►Ykwm - 6 

Tl s a .s an established irrigation tacility at 
a doods treat prim: naily astern +.zznuia canal (1  YC) and  
Western Xlnazna Canal (WC) Zrrigatiori; systems drawing 
water from, aowala headwork, 4nr .storage scheme:•n 
Up in the ups 'aiu, Will fteet the water availabiLity 
at this diversion and consequently affect the existing 
irrigation act t iss. This is neither desirable . ►r is 
it tolerable by the beneficiaries of the facility. 3o it 
is uiudatory on the pert of the p manQX too 000 that the 
present rights are not disturbed. at the downstream point 
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dues to construction of u. reservoir scheme in the upstream. ' 
So far as irrigation from 1 e w is concerned, no djtfi- 

culty will be faced during 1 noon months from July to 

October oven if the inflow at Lacbrrar is held up in the 
reservoir for use in the n 	oon nontbs. Inflow at 
Ta j ew a la i j more than the z'equirezant during n s on « But 
i to at Tajewala d i non wsoor& months bei2g less 
than re .uirei nt for Irrigation It is necessary to ensure 
that at the least, the entire Info during the roan-nonsoon 
at the L `} a c site is a eieas to th downstream so as not. 
to disturb the existing Ix 'ie a, iou facility. This has been 

ensured,.,►. In fact due to xogu1at.ou of inflow, the releases 
during 	ncn*- '►moon per od from November to June is 

invariably .fore than the' of low during that period, The n 

datory releases from Nove ber to June are shown in the 
Table 7 be lOw 3 

Znti 	 Itandatory Releases 

November 	 980 
December 	 69Q 

Jsnu.ary 	 57Q 

February 	 560 

Mar ch 	 580 

April 

	

660 

,y 
June 	 1475 

.'o tals 	6355 



Any planned effort is directed towards a set of 
develepmant ob3eetives vbicb, supposedly, reflect Society's 
desire for some cages in physical economic & social environ- 
merits f Derr la Lion of a project proceeds in two directions. 
The first is the identification and elaboration of technically 
feasible alternatives. The second is the evaluation of such 
alternatives to select the mostt economical one. There are 
various asrnes of Profitability such as the Benefit Cost 
ratio Rate of return, present value of net benefits etc,whicb 
are utJ34sed both by private and ,public sectors. The computa.. 
'tonal mechanics of each of these methods isuniversalss  but 
what constitutes costs and benefits of a public project and 
heir they could be measured and valued have been a controv - 
tia , subject among econozzt sts. It is said that the parameters 
for project evaluation for a developing country s uld in 
general reflect the social and economic ezwironnts. However 
in our case the traditional objective of nuzintsing the net 
economic benefits has been emp 	& Other objectives involv- 
ing socials  pe .tical#  ecological and en rironrntal values 
have not b8en considered, because it is extremely difficult 
at the present stage to quantify those values in terms of 
money. 

In general, water resources ' services are provided 
on a guaranteed basis. &ervices in excess of the coxwzzttment 
are usually of minor value; because the comnnity is a pre- 



pared to utilise them effectively. On the other ha d 9,. 
shortages in such services can►. be extremely costly,because 

society has integrated these supplies into its delicate 
s ucturo and shortages can disrupt social activities 

seriously. 

In case of storage b 1ropisu s in aninterconnect. 
ed system with predominantly Thermal plants situation is a 
little advantageous.. Here, in .. add .tion to the firm power, 
a large block of secondary power during the periods of higher 
inflows, can be effectively uti3.sed to serve the system 
load. Absorption of secondary power in the system saves fuel 
cost of Cher l pants and also Inprovos the reliability of 
supply from integral system, To larger the system on which 
the power is used,,, the re valuable the secondary power ny 
becoma for the reason that large systems have flextbility flexibility and 
diversity of use. 

For fblg the scale of development m xi.vcl.sation 
of net a cono .c benefits (B «: C) i•s generally recommended. 
This criterion has been adopted to evaluate the different 
alternatives Therefore the expression for the net economic 
benefit (B - C) would be of the form s 

Max* [Annum, benefits from ►ergy generated at LakWar.. 
Vyasi  propect and from additional energy generated 
at Dhakrani, Dbalipur and KuIbal power houses due 
to Increased supplies in loan months from A Labwar4. 
Vyasi Complex CBI) 
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40 Annual Benefits from .Secondary power (B2) 
+ Annual bonefits from Additional Irrigation (B3) 

Annual equivalent of capital o©st of Lakbwar ~» 
Vyasi Complex(CI). 

Annual maintenance cost of dam and appurtenant 

works (C2) 
• Anrn1A 1 operation and maintenance cost of Lakbiar 

V yasi pierer plans (C3) 
Annual incremental operational cost of additional 
purer. from Dhaxani, Db pur & i.lba1 Power 

houses (4). 
Annual equivalent of capital cost of additional 
irrigation s ystom (C ,) 
Annual jne cost of additional jrrigaton 
system ( )] 

or  

Where Z stands for tho net annual benefit* 

T above expression has been evaluated in the next 
Para for four different levels of development considered,. 
All benefits and costs refer to a roa n point of time that 
is the end of the construction period.  

H .roelectric power may be evaluated (I.) in terms of 
the cost of capacity and energy from the =st economical 
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alternative source usually thermal or sometime diesel power 

or (2) the highest pr .co which the users are willing to pay. 
This has been taken. as 1.2 pals$ per kwh. The energy bene-
fits from Lalhwar-Vya.si project are taken to accrue on 
completion of the project and continue for a period of 100 

years 'which ±  is the designed life of the project.. In eco- 
non.c evaluation 6% of the energy has been -deduced towards 
losses. 

Annual benefits from additional energy generated at 
Dhakraat, Dhaltpur & lai hat due to Lakhwar.»Vyasi complex s 

T e surplus water of river Yaniinaat Lakhwar 'during 
monsoon will be utilised to fill . up the Cedar reservoir. 
The in f low from Tons and the intermediate  'catchment woukt  
be sufficient ter .meet the needs of irritation at TaZowaia 
during this period. 	Releases froinLakbtiar at any time will 
be in accordance with the requirements for power goneration 
during that time. Die to this regulation at Lakhwar dame  
flow in the nonmonsoon nonths will Increase in the down-

stream (Table 8 to U) az d this additional flow will genewu 
rate additional power in the three downstream power houses. 
It is seen that generally flow is more than release for the 
four monsoon months of July to O c y ben`. For the balance 
eight months reIease is more than in:low. Thus the d - 
tional flow t .-. It) will genoratee extra enorgy in the 
downstream run-of ,.the-river plants (Table 8 to 2) in 
accordai4ce with their flow,.energy relationshiip. For the 
purposes of calculation of benefits from this additional 
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energy from Dhakrani p  Dbaiipur & Kulhal power bo' xses on 
account of the Lath rar Storage Schema, the same rate of 
12 paise per 1wh has been adopted. Figures 9 0  lO#  U, 12 
show the additional energy generated in the downstream 
power houses and that from LaIhw .Vyasi con1ex for 
different levels of development. 

However one important aspect which must be borne 
in mind is that, aloe with the additional benefits that 
accrue to Z 	ar-Vyasi cheme on account of generation 
of additional power in the don stream run-of.t river 
plants, there is also an alament of tatirect cost involved 
for the schemed in as xn2ch as, it contributes to the reduc-• 
tion of plant factor of existing installations during rainy 
season*  inergy requirements being less during this period, 
The available capacity cannot be utilised in full which 
result in reduced capacity factor. For arriving at this 
cost a details analysis of the available capacity, power 
potential s, and system road is necessary* For the present 
study, a 25% reduction of the value of the additional 
benefits has been made to take into account this aspect. 
The percentage adopted is only qua at ve. 

(ii) Annual Benefits from Secondary Power' 2) 

The annual benefits discussed earlier are for 
primary power only. Besides the primary power there 
would be secondary power in years of higher inflows. The 
value of secondary power is equal to essentially the saving 
In fuel cost of a thermal plant on account of absorption 
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of that energy in the system by shedding of load from 
theml plants at such times. 

Seco &ry power cannot be guaranteed but is avails 
bie more than halt the ti . Besides the secondary power 
there viii also be certain amount of dump power with 
reduced availability which has not been considered here. 
Sine e the secondary power is to xi as available for 50% 
of.tbetjm., the present, value of the benefits have been 
found out over a time horizon of 100 years with interest 
rate of 6% and the annuity correspond ing to this present 
value is taken as the quaff benefit from secondary poorer. 
The. details of econon c evaluation may be seen In para 
5.32. The availability of secondary power is Indicated in 
Appendix 5. The saving i, wards fusl has been ' hen as 5 
paise per l rb of energy. The flow duration curve for the 
actual observations is shown in Fig. 8. 

(iii) 

 

Annual Benefits From Additional Irrigation (83) 

M3 pore flow would be available during the non-
msnsoon n nths from November to ,June p due to regulation 
of discharges at Lalzbwar dam, irrigation from the down-" 
stroarn ozsting irrigation-system can be increased, it 
may be seen from T ble 8 that the total inflow at Lakhwar 
from Nov ember to June b fora the construction of the dam 
(90 availability) is 6355 oun c-da r a xt after construc. 
ti.on of the dam the total r3l3ases for tbo above Period is 
10280 eun c.c,ay on an average, for the four different 



Levels *t development studied (Table 8 to U). During 
the nor usoon ,period therefore, 39 c c-day(33,900 ba.m.) 
more of water woU d be available for additional irrigation 
in the EC coimmand. Fr0D2 this anDunt, conveyance lases 
euroute may be deducted to arrive at the net additional 
quantity of watex available at Ta, ewala from November to 
June. Mopting the same loss rate a iroute as taken in 
jakbwar,4yasj project report the total loss works out 
as below:.. 

(j) 	November to February 30 cuaioc-dai y 
(it) Marco to A r .I 4Ocusec daily 
(l ii) Icy to June 50 cusec-.d;a ly 

00 cusec-ds 
2440 p 
3050 

9090cusec- da 
2220 ha. m. 

Net Water avajiable at Teva3atter deducting 
losses enroute 	 = 3 00 - 2220 

31,680 1ta.m. 
Deduct 45 losses in the distribution system ent field 
Camels 	 = 31.620 x 045 

l250 *a.m: 
Water ava . b3. for irrigation 	31680 -- 14250 

17.4430 ba.m. 
• The direct bonoits of now or additional irrigation 
are the difference between the annual not 1ncQ from farm 
produce "with jrrigati ,,  j the annul not jnco e 

h 	 -ti 
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"without irrigation" . This increase in income has been 
taken as Bs.500 per acre.. The cost stream consists 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 f.800 per acre and the cost of maintenance as 
Ps.l© per acre, irrigation benefits will continue to 
accrue for 100 years from the time of completion of the  
pro, ect. 

Assuiingan average delta of 034 in additional 
area that can be provided with irrigation 

17430/4.3 = 6lP3 ba. 
(126,000 ac.) 

Co the firm commitment for additional irrigation 
on the basis of the average delta adopted can be to the 
extent of 126,000 acres. There would be no change in 
the status of irrigation during monsoon. The additional 
surface water available for irrigation will be used in 
conjunction with ground water. 

(iv) Annual quivaaent of C apital Cost s (Ci) 

In water resources development projects#  the annual 
ocluivalent of Capital cost is taken to include interest 
and depreciation. From the economic point of view, a given 
investment means a freezing of resources which might other 
wise be used for meeting other needs or for other productive 
activities* If their use for such needs is postponed. 
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because of investment in the project there exists a 
social sacrificer the value of which is expressed by 
means of the interest charge. The interest charge in 
this case has been taken as 6%, 

Depreciation in water resources Is the uivoid-~ 
ahlo BOSs in service 'value of a project due to physical 
deterioration. Depreciation depends to a age . extent 
on the physical life of the engineering strUcttes, The 
depreciation charge, is untended to assume that the Value 
of the goods and services used in the projectis returned 
to the national economy through the growth of income 
before the project wears out. It follows that the annual 
cost of the project should include an item equal to the 
depreciation 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 
f 	method is - the me st suitable and couiux my used 
method , for the •depreciation of peranunent wog" 1s of water 
resources development project. For working out the depre.. 
cat on in our case in accordance with the above method 
interest rate of 3% and 90$ recovery of the capital has 
been adopted,. 

As contemplated in the project report, the t .me of 
construction of Lakhwer»Vyasi complex is taken as 7 years. 
The capital cost wlU be Incurred over this span of 7 
years*. The rate of investment will not be uniform during 



this period. After stait, the p zo3ect vo rk gradually 
gets momentum and a peaty rate of progress is achieved 
during which t iii  me st of the work is compi et ed. Aft ez' 
this period the rate of Investment again decreases; 
Investment zring this period is needed to complete the 
finishing 1t9is of work. The cLipital cost is taken to 

flow @ 5% 1br the I st year., i0% for the 2nd year, 15% 
for the third year s  20% for the next three years and 
10% for the last year. The single payment compound 
amount (RCA) o f these sums have been ealoul sated to the 
end of 7th year with 6% Interest, To arrive at the 
annual equivalent of capital oost, Interest rate of 6° 
has been employed over 100 year S. The life of the d 
is taken as 300 years and power pro&iction, is to cont i. 
Due upto 100 years from the time of completion. flxt 
depreciation for power pl ant and other structures has 
been taken In aeco rdanee with the life span recommended. 
The details of depreciation may be seen in Appendix 5I. 

(v) ,igmual Maintenance Cost of 1m & 	urt en t W rks( ) 

This is taken as 0.2 of respective a it ell co st. 
` h15 cost stream flows for a period of 100 years from the 
t Ime of completion. The nnaal mat a ante Cost for the 
four levels of development is tiown in I,pendix A. 

(vi) iual Maintenance & e?at Ion Cost of Lakhwar. 

The op er at ion and m ahnt enan ce expenses of a hydro.. 
plant are generally class if id under the following headings:_ 



1. Op erat Ing Labour 

2. Maintenance Labour and Material 

3, 3'appli e s 
4. Sup erv'ision 

Op el at ing L aboi* rs 

J t +mot Ion to equipment in a power plant Is a 
necessity. Even if the operation may be autommat ic,p eriodic 

inspect Ios are necessary so that operating labour is 
not comps et ee .y al.imin ate . in any case. Since hydropl ant s 
have much lesser number of unit a of equipment requiring 
att ention than thermal plants the Ci st of operating labour 

is much less and is likely to remain constant fbr all 
ranges of energy production(  `l  . 

Maintenance .abour afldMatertal s: 

Any well managed plant will generally follow a 
plan of preventive tntenance, insp ect ung cleaning 
overhauling aparatus on a regular schedule to fore.. 
stall the possJb .ity of ?ire,.-down during service. 
This It ern of expenses is made up of tmo factors, 
materials used in making repairs and p art reelaent 
as requ ired' `) . 

S.ipplies s 

Supply.os useal17. cover su+cam it en $ as labs .eat ing 
oils, tools, wiping cloth etc. In case of thermal plant s 
they may also include water treatment catenteals eta. In 
general. *AY item that are not included in the categories 
of fuel. (for thenaal. plants) or males snance are charges 



to the sppl ies. 

Sip erVisson s 

:S pera►►is1on usually in( „odes the salary of the 

regtiar eSab1ishutMt, 

r e stun at ing the op a rat ion and in a3Ut en ante vo st 

comer is1ag of above items l'br Lathwai'Vya . power plant a 

rate of 0.5 of capital cost has been adopted. The  annual 

in aLnt enance and op Brat ion Cc> st fo r dif `erent level s of 

development has been shoes In 1ppendtx 6A. 

vi ii) Incremental Op &rat ional Co of Addit tonal„ Power 
Ihakcra 	haiiaur andicUihal. Per Houses G4) 

As already explained in. para (Vi) above$  the inc e. 

m cent al op er at :ion and in ait eft an ce co st o f g en er at ing the 

ad ditional power would be almost negl ibl e. Only due to 

an increase in plant factor there  may  be same extra require 

inent of operating Iabour, maintenance labour end material 

and suppi tes. This has been taken as 20% of the normal,. 

operation cost. lbrna. operation oast for the additional 

power is worked out on pro..rata basis with La w r-- V`yagi 

power. 

(viii) Annual ' quiv,a,ent of Usestal cost of Additional. 
Irrigation Sy st en (C5) 

The Capital cost of the additional irrigation 

system has been worked out on the basis of re.80O per 

acre, The total cost thus works out to Rs.1008 l akh s. 
The interest on cep it al has been taken as 6%. The 

amount o f deep rec iat ion has been calculated with 3% 



interest and 90% recovery. The depreciation mount 

morkysort to x.1.5 1a s. The economic I if e is t 3cen 

as 100 Years. 

(ix) emu, a1 Maintenance ance Cost of Ad dit ional,. Irr igat ion 

The maintena xce cost of the additional irrigation 

sys ea as taj en as It. 1D per acre. This ao gt Stream flows 

for a period of iø years from the time of completion of 
the p zo j ecst. 

5„02 !V,IU ION OP ALT I ATiVE PL A' 3 

(a) A1t rn ti ve plans s 

A. storage hydroelectric plant site will Invariably 

offer scope for diff ere t levels o f development at the 

s e site. The r eservo it storage wu1d be constrained 

by the dead storage regtUrenent as the lower limit and 

physically possible maximum storage for the site as its 
tip per limit. The maxizitzrn possible storage is guided b9 

the eoiogy of site, terrain condition and submergence 

eta. Between these two l Im It s a l arge number of a t elu 

native pl na of development are possible. As power i s 
dir eetly proportion  al to the height 'H' through j h ich 

the water falls, the storage at a higher leve l •would 
mean more power d, consegit ently more benefits from 

the project. Side by side the cost L1so Increases c ie 
to the necessity of building a higher dem for the 

purpose. So as the height of the darn Increases both 

benefit and cost Increases and as the height of the 
dept benefit and cost inr re 	ait d as the height of 

~> 	.. 	..  ,d437    
W,: ;: 	fit;; . 	.. _ ~ 	~,$:: -~ 



the dam decreases coat and benefit decreases. There is, 
therefore a slice for selection of that particular plan 
of development which is optimal among large number of 
possible aLt exnat Ives. 

Fbr L akhwa' thin, unsit able Geological condition 
p rev oat s a &ci ng th e di h igh er th en about EL 81!) • 0 is. 

The dead storage is around EL 752.00 m. 1 .thin these 
two limits 4 alternatives have been studied correspond. 
ing to full reservoir levels at EL 795.0,, EL 800.00, 
EE 805.0 and EL 8i0.0 m. The 90% avatlabil ty inflow 

( Appendix 2) has been used for all the four Oases. rn 

active capacity at 400 cumec.day has been provided In 
each case. The minimum drawbwa level in each ease has 
been fixed from the considerat Ion of the fall reservoir 
Ilevels st at ed above and the act ive oep ae ity, 

A a mtput or p rogran has been developed for op er a. 
t Ion of the reservoir for the four alternative levels 
of development. The flow chart is thown In Fig. 1.3 aid 
the computer pzogratmme in Appendix 8. The f iloving 
algorithm has been used for the op eret Ion of the reservo ir. 

81 +i = Si + 11 '" R " EV1 

subj eat to 
4 
0 Rl Man Ri y- for 8 months from Nov. to dune 
8L 	Ci 8 , 

&1 E Li + EDIKI  - for 8 months 

51 



;2 

& 	Si = i w for 4 months from July to October 

C,,=R1xBPR (i +'' +1) 
2 

( 3i+ +i = EC 3 x Al 

Were 
,Si = Storage t the beginning of period I 
I , = PLo w du ring the p erlo d i 
Ri = Rel ease during the p e rio d 

T = Active capacity 

Mm Rj, 	Mandatory release during the period I 
H = Maergy generated during the period i 

Ci = 1h ergy dem aad eo eff is i ent for the period i 
a = Total energy generated over the period 

I = is .....12  

X> R .( '~I~ •~` - = Energy product ion rate,, per unit vol. 
of water cotesponding to Si & Si +1 't ages. 

1hergy generated In LaIthwaiV7aL power house 

during the period I 

ZVi Evaporation toss from the reservoir during the 

period i 
3 C~ = Evepo ration Co eft' 3c tent for the period I 

Al ( 	=I}= Reservoir surface area corresponding to Sj & 

Sj +j stage. 
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To start with S, is asst ed. The.reserwoir is 
operated from full. The operatJon -I s carried out over 
12 months with 90% runoff figures. The VaLue of releases 
and storages for each period  afire found out. If the storage 
worked out to be signitioa ly negat ive at AY time, the 
entire cycle is repeated with reduced value of R. Ts 
continues till the value of storage is within the limit 
of permissible negative value. On the other hand if the 
storage Tesained stgnkfioantly above the M. D.D.L. at the 
critical month, the entire cycle is repeated with increase. 

ed value of 8, The end value of storage is al W checked. 
If S12 exceeded Y but has reached zero levels at the 
critical month, xn further scope exists for increasing 
power. This indicates that active capacity required is 
more than that provided. 	If s2  remained less than Yt  
it shows capacity provided is larger than that required. 
ii ideal solution is that uh ich touches zero at the or 3... 
t ieal month and reaches Y at the end of the cycle. 

The r e salt s of op er at ion of the four alternatives 

have been tabulated In the following tables(Tables 89  9 
1O U). These show the re. eases dur Ing dl! far ant months, 
total„ energy ikenerated In each month and that individually 

from L a wa W ast complex and the anstrern run,.of-the-
river plants. Other details each as the evaporation losses 
and the additional water available during nommonsoon are 

also sho vim lathe table. 
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(b) SV€ -.cation 
C = Capital. G3 st 

C'1 to c4 = Au1Ual Investment of capital 

(U SC 	zi Uni fo xm Series Ompound .mount for n years 
wflh interest i 

(USPV) = Uniform Series PreseUt Value 

8 = F iture sum 

C SP CA) i n Single p aym ent compound g,zount 

PVB 	=present Value of Benefit s 

Alt ern ati ye I 

C = Rs. .13981 1 ai h s 

C* = R.699 lakho 
1 

C = i. 1398 laiths 

C= ns. 2088 laths  

C4 Rs,2786 1akhs 

C1 = {. 2796 1 akh e 

C6 c x.2796 l akh s 

C, = Rs.1398 laths 

Annual Energy available for the size of the development 

considered = 803 mkwh (Table 8) 

Dedu& 25% of addt tional power f xam Thakrani, thalipur 

& Kuihal, die to reasons explained In pars 5.01 = 13 mk t 

Gross annual energy considered for economic evaluation 

` 	? i9r4' 	= 803 w 13 = 790 mkWh. 

I 
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LLDUCT L03 5% 

Bl = (790 - 40) x 0.12 x SAS 
750x0.12x106 

=.90O l ai'is. 

aTo.116.S1ashs, 54% at the time. 

PVB(B2) = B2 x (SPPV)6 + B2(SPPV) B (SPPV)6+82( SPpV) 

B2 x (PV) + . . 	. , . +B2 (s'PV)69 

82 x 8.614 
6.8 x 8.614 

il63x861.4 	65 S ~ ~ ~ 	.* 	~a 	~ ~Sl~.... 	b 	= Btu, S l akh 3 
(USP 

B3 ., =1.26 z 600 = As.630 1 akh $. 

C • =  

s C~ + CC (T3SCA) 6 x (CA) + C~(SP C A): +C,* (SPCA): + 
Ct SP CA)6 

G + 3.184 x 1.060 x CC + 1.262 x CC + 1.335 xCC 
+ L49 x C 

1398 + 3.184 z 1.060 x 2796 + j,262  x 2098 

+ 1.338 x 1398 + 1.41 x 699 

= 1398 + 9440 + 2650 + 1870 + 990 

= 1,.10348 1$ihs. 



C 	S~..+Ili 
1 16.6175 

=985+111 

its. 1096 1akhs 

C2 = Rs. 34.9 6 1&ths 

C~ =Rt.69.9O 
C4 a 020x $ x 69.9 

Rb.0.94 iakhs. 

as =--,. +1.5 

100 +1.5 16.6175 

5 60.2 +1.5 
T,61.7 1aths. 

C6 = 1.26 x I = Rs.12.6 1R .s. 

Benefit w Co st = Bi + R2 + B8 ,. Cl C2 ,. C3 - C4.. Cam' 

r 900 +60.5 • 1096 - 34.96 - 69.90 

4.94 617 -- 12.6 

10.5 - 1276.09 

r j .314 1a1hs (rounded) 
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C = it. 14537 1,akh s. 

Ct Ra. 727 .1 akh 9 

01 x Rs, 1464 1 akh s 

Cg = I.211 l akh s. 

c4 %.2907 1 aIch . 
01 = f.2907 '1 Bch s . 
c a R,, 2947 lakhs. 

C = It,. 1454 laths. 

Annual energy. available for the size of the development 
considered = 824 mkwh C Table 9) 

Deduct 25% of addit Ina, power from Lhakran is  thatipur & 
JCulho1 power house due to rea;)ns explained in para 6,01 

=13mkh 

tin, as annual energy considered fbr emnomto evaluation 

81.1 mkwh 

Deduct losses 5% = 40 mki. 

Not Annual energy considered .- 811 - 40 

771 inkh. 

B1 =771x0.22z10a  

No 925.2 laiths 

2= it,, l.20 ldchs, W% o f the time 

PVB(B2) = H2 x ( ppV) + B2  x (SPPV) 	2  (3ppV) + .... 
+ A2 (SPPV) 9  
H2  x 8.614 

=120x8.614  == 1034 
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1034 	3 10 	6 i. 62,2 1 ekh s 
(8p V) 0 ` 16.6176 

B3 roc 126 x 500 	?s 630 1 akt1 s. 

,C1 	.. 	 -+u1 
(Usw) 

S = 	+ c tusc e( c.a)k+ c xt c s 2z(SPCA) + 

C x(SPCA) 

+3184x1..060xC~+1.262x +1.338xC +1.4]9xCt 
1454 + 3.184 x 1.060 x 2907 + 1.262 x 2141, + 

1.338 z 1454 + 1.419 x 727 

1454 + 9820 + 2753 + 1946 + 1031 

= i .170o1 1akh9. 

i 	17001 	x,14 
1616176  

202 2 + 14 

tt.11361akhs. 

~:2 a 

 

R.36.3 lakhs 

03 a Ps, 72.7 1 arch s 

04 = 0.2o X 54 ~ x 72.2 

R3.0,95 1. akh s. 

06 	+1.5 
>6 

3.008 

60.2 + 1.8 * R3.61.7 laiths. 

6 a 126 x 1A/ as Rs.12, 6 1 akh s.: 
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Benefit_ Coet =Bl }R2 *B3- 01- 02 *. C3 - Q4.. 8 _ Ca  

=925.2+62.2 +630.  ..36 	36.3 .. 72.7 

0.95 .. 81.7 = 12.6 

=. 1,317. 1320 

= Bs. 297 1 akh s. 

.t errsative 3 

C 	fs.15d33 1as 

Ci = tu.752 1 akh s 
= T.l)3 1aths 

C3 = A. 2264 lalths 
C y R3 	3307 1akas 

= fti. 3007 1 a 	s 
c . 3007 1alhs 

Ci+ 

 
=,.l5D3lalths. 

Gross energy = (841 - 13) = 828 mkr 
Dad t losses 5% 

B1 a (8 - 41) x 0.3.2 x 108  
7887 x0,12 x 106  
x.944.4 1 akh s 

B2  = Tt,.123 laith, 53% of the tufts. 

PVB (B2) .= B2 x (BPPV)$ + B2x(3PPV)s + B3  ('PV)$ + 

B2(SPPV)6 +. . .. . +B2  x (SPPV)e9  .  

= B2  x 8.614 
a 123 x 8.634 

1060 
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s 	iGO r:. 	
3~J© 	16.6175 

T.63.8 1€khs 

B3 z 1.26 x 540 = s. 630 1 aklts 

i -+1167  

(U V) WIV 

s = c +c*6(isC 6 x(SPCA)a +C(SPCA) ♦c( cA) 

C ( 'CA): 

" ' 3.184 z 1060 xC #1. 262 x + 1. a3. xC + 

	

1.4 	x (+l* 
153 -+K 3.184 x..06 07 -+ 1.262 x 225. + 

I.328 x 1803 + 1.439 x 752 

150 3 + ]Ø140 -1- 2840 + ► .5 + 1067 
17555 

7 5 
5 
	+ 116.7 

105? + 116.7 

= .1173.7 1&ths 

C2 Rs. 37.58 1 alth s 

03 z ! . 75.16 1aths 

0.20 x 8- 4 x 75.16 

= lb.O 96 1ak'h9 

C5- 1008 	+1.5 
(u.y)r. 

602 + 1.6 
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C6  1.28 x 10 = fta12,8 laJcbs 

Benefit . Co & = B1  + B2 + B3 .. Cl  - _ 03 - 04 - C$  ,. 06  
= 944.4 + 63.8 + 633 - 1173.7 - 37.58 - 75.16 

0.96 - 61.7 - 12.6 
1638.2 - 1361.7 

Fs ,276 1akhs (zounc ed). 

Alternative 4 

C w lb. 158 Lakhs 
C! 	lb. 775 itakh s 
2 	Wo  1552 LaLths 

1b. 2326 1 alb► s 
lb. 3101 Latths 

C*5  = ft. 3101 1skhs 

c6* a As. 3101 1oat.s 

1s. 3552 1akhs 

Gm Ss aergy .- (868 ,. 13) 855 &cwh  
Deduct losses 5% 

Bi = (855 - 42) x 4.12 x I©6  
=$13x0.12x106  

Aso 975.6 lakes 
B2 = lb. 127%5 1ata;s, 50% of the time 

PCB (B2) = B2 xt SPPV 6 + B (SPPV)6+ ... B2(SPPV) +....... 
+ B2x('PV)9g 

= B2 •x 8.614 
= 127.5 x8.614 

1100 



13 0 . 	110...._.0~..... 
(USPV)6 

= j. 66.1 lakh9 
B3 = 1.26 x 40 	. 620 1 al h s 

S Cl. 
 ( SPV)ltd© + 11 

6 

fi 	G6( 'SGA6 x( 'CA) + C ($PCA) +C (SPCA)$ + 

G (S'CA)6 

C, + 3.184 x 1.460 x G8 + 1.262 x G + 1.338 x C 

+1.419 xG* 

• 1582 + 3.134 X 1.06 x 3301 + 1.262 a 2326 + 1,, 338x1561 

+ 1.419 x 775 

1682 + 3D 500 + )40 + 2380 + 1100 

%. 122 1& hs 

18172 
Cl = T&61? — 13-9 

1091+139 

Fla. 1210 larch$ 
C2 = lb. 38.77 l akh 

C3 = R.77.84 l aih s 
C4 = 0.20 x $ a 77.54 

= . 0.96 l a)rh s 

C6 

 

1008 	t .. 
(U' )6 
1008 	+1.5 

16.6175 

""T' W. 1 + 1. 6 = 61.7 +fir&+; g 

C6 = L 26 x 14 = i~. 12.6 1 ate► 9 
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Benefit ' Ca  
= 975.6 + 66.1. + 630 - 12]0 38.77 - 77,54  

4.96 61.7 - 12.6 

1.671 .. 1401 

Rs. 270 l.akh s (rounded) 

TABL9 - 12 

AB RACE OF PROFITABILITY j1gLYsis 1)R DIFF RMT LEVELS 

0 DQPNi  

Alternatives i Leveat of developmelt (F.R.L.) BC latch b. 

1 	 79 5.0 m 

2 	 800.0 art 

3 	 805.0 m 

4 	 810.0m 

3l4. 
  

97_: 4 ,  

270 

5.03  SME S` I0N O F T HE OPTI14 

From the remLUt s of the economic eva .0 at Ion of the 

four alt eritatives given In Table l2 above, it may be seen 

that the fir st alt exnati ve with fill reservoir level at 

L.L. 795.0 in yields maxlnum net benefits of R,314 lakshs. 

As the sto rage level is raised from S.L. 795.0 into  &„L. 

810.0 in it is seen that the net befit gradually d1minisi.. 

es. 



From the above analysis It is therefore evident 

th& the F. R.L. should be et L.L. 795 in to derive 

maxkmum net economic benefits from the project. The 

optimal scale of development corresponds to fall 

reservoir level at E.L. 795.0 a. 	The top level of the 
dn in that case would be E, L. 799.0 m'  considering 

4 m as free board. The LaIhwai Vyast p 	. eat report 

puts the F.R.L. at 796.0 m and top at 800.0 m. This 
wady jnd ieat es that the above levels are fairly in 

conformity with the opt al scale of development,. 

M• 
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II SCU SSIUN 

6*01 .SC LO O F DELI 0 MENT 3 R 
Lal'twar - h asi hydro power scheme is proposed 

to be added to the 13.?„ Power grid in a near future. There. 
fore its p1 mbig Etd sc41e of development requires to be 
evaluated now. It was seen that planning for a power plant 
proposed to be run in an mt ercorUl eet ed system needs eons t 
deration of the overall problem for arriving at the optima,. 
det~isiøn. Accordingly to start with } a small truncated 
system ecc.uding st age II works as shown in Fig. 1 has been 

Con s icy edd in this starer and optimal size of development 

has been sought to be found out by maximising benefit s mitts 

Costs from a number of alt enatIves, Rur different levels 
of ` devel.opm ent co rre onding to LL. 795, E.L. 800, E I.805, 
~,L. 8j (reservoir levels) have been 4alyeed. It is seen 
that the maximwa net economIc benefit is obtained when the 
full reserveir level is kept at R.L.795.0 m. In the projeat 
report it has been fixed at E.L. 796.0 m. That shows the 
peak point with regard to ( B - C ) and B/C lies somewhere 
in this region and below this level, the net benefits gd 
Benefit - Cbst ratio would again tend to decrease. So the 
opt ma scale of development may betaken as corresponding 
to reservoir level of 3 .L.795.0 m. aergy production for 
this height of reservoir with 	active a acity of 4000 
eumee~dsy is estimated to be 803 mkwh (Table 8). 
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FIG. 14 -- TYPICAL DAILY LOAD CURVE OF SYSTEM 



This requires a ttuctr of the er#ti,cal.day toad 

curve of the sy t e . From the 1972.?3 ys load (Table 4) 

it is seen that the a nal peak occurred in the month of 

January and was ecijial to 15 8 uw,► Since the actual daily 
load curve for the annual peak day is not readily available 
an approximate daily load curve has been builtt up with a 

ma m►um load of ]..€ 38 mw and minimum load of 55 of the. 
peak. Hourly loads as percentages of peak of Gang a-Sarda 

grid January-day load curve (Appendix 7) has been used as 
a rough guide to iorkout the distribut ion pattern. Unusuai 
fluctuations which ie only relevant to the particular grid 
and conditions on the particular day, have been ignored and 
general rise and fall In accordance with the expected demand 
is plotted (Pig. 14). 1 m the daily load curve the load 

duration curve has also o been plotted and shown In ?ig.15. 

br allocation of the peak load of the system to 

the exiting and proposed insetallation$ the above daily 

toad curve and load duration curve have been tat it ised 
vh ich ar et aken as typ ieat o f the cyste~. The R. 	4 

flihaindw.Obra storage hydx pl ant vhidh is the largest and 
the only storage hydropl grit of significance for the cyst en 
has been considered f it t in the matter of allocatIon of 

p eak to ad basing on the fund t t al policy that maxi um 

use of the ed sting ln. allat1ons must be ensured before 
new installation capacities are decided. 

. 1 	1 	.~ 	• / 	-  

71 



As el acne d In p ara 2.02 RLhand - Obr a bydrop1 ant 

has an la tallad cap as ity of 400 mw and the continuous cape. 

o ity of the pit basing on designed Inflow Is 138 mu. The 
DAILY 

expected inm 	energy fzoa the plant 1s therefore 

=138 x24 

3312 avh  

Assuming a peak cap abil lty of 35 for the plant, it may be 

taken that the plant is capable of taking a load of 340 mw 

at an time. This capacity and energy content has been 

sought to be fitted In the duration curve to ensure mad.m 

utilisation of this plant first before considering L war-  
It is Seen that In the load range of 1010 mw to 

DAILY 
1360 mw (Fig. 15) almost the entire app energy potential 
of the plant is eont aide d. So Rihhand .• Obra hydropl ant may 
be assigned this part of the load for effeaive uti3..sat Ion 
of its capacity and energy. Al ove 1350 mw, there still 
remains a load of 238 mw 01583 - 1350) for 14 percentof 
the t Jae i.e. of 3 to 4 hr s. darat ion which, RihafddObra 

i s trot capable of meeting due. to its inn st all ation constraint. 

This psit of the load has to be taken by Ldchwar-V' -asi hydro.. 
plant. The energy cont ant of th is portion I s 398 mwh. Sven 

after meeting this demand the plate would be left with a 

~ctb s't ant iat port ion of Its e2p eat ed energy potential wh±eh 
is 803 mkroh annually (Table 8). On an average the daily 
energy pot ant iat is 22)0 mvh. So aft er meet lug the 14% 

p eak load energy recut it en gent of 398 mwh,, the plant will 
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have a t'u it h er energy pot ant isi of 1802 mwh (2200 - 398). 

This requires ru1nn Ing of the plant  for more t line to ut 3 „ ise 

the avail able energy pot ant ial in full. The area between 

905 ma to 1010 mw In the duration curve cfltalfls 1792 mkwh. 

The o, acs ity requirement for this portion Is 146 mw (10 10 ? -

906) rich is required for about 82% of time. Therefore 

the oap ae ity requirement of the new plant is 

x.238 +105 

M 343 ID,Tr/ 

Add.reserve equal to the 	city of the largest unit 

in the system (1972-72 level) = 100 mw 

Tot al cap ac ity requ, it exent 	343 + 100 

= 443 mw. 

The Installed capacity of the Lakhwar - Vyast 

Scheme power plants should therefore, be of the order 443 

my. The pr€ +pct repo it puts the instal1e oap ac ity at 540 

my which appears to be rather in the higher side. As the 

load requirement increases wfth time., more and more of new 

insts.lations are added to the syst en to augment the eapar 

city end energy potential. There is therefore a need i►d 

scope for constant review of operation with every new 

development proposed. The changes in the system require 

meat pattern can be conveniently taken care of at the time 

of designing the new power pl ant. As sho ii in Table 3, 

other to rage hy'dropl ant s like Ramg an ga is going to be 
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added to the grid in a near future. Therefore the n ece 

ssity of keeping unusually high capacity in one plant 

&es not appear to be Justified. The future plants eon 

be designed to serve fttur a needs. 

IZE  OF UNITS P)R LAWAR  

The size of un it would in general depend upon 

availabLifty of -spaoe, reliability of supply and cost 

considerations. in most eases interrupt Ion of service 

ejm t be tolerated. lb if the units are chosen radl. 
Bally I urger than the axi& ing unit s, it may be difticult 
to meet the load should' any of such large units fail due 
to unforeseen reasons. The situation may be more Grit ical 
if in addition to this, anyy of the large units Is out of 
service for routine overhaul. 	it may be seen that 
with the increase in the size of the unit,)  the probability 
of the system not meeting a part is ul ar load mould be more 

than with snaller unit s. This aspect has to be weighed 

along with cost and avail abil ity of room for more number 
of unit s. As the number of unit a are increased more 
floor space is needed which makes the power house Civil 

structure costly. The equipment costs also increases. 

For rua-of-the-river plants there may be more 

wastage of water if unit s are large and they happen to 

go out of service for reasons as stated above. Of course 
the chances of wastage oeauiring with storage plant is 

rather remote; because except for the reservoir full 
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conAt ion,there mDuld generally be sufficient Storage 

sp 

 

ace in the reservoir to absorb nonnmonsoon flow during 

the period of repair of unit running out of service due 

to unforeseen real ne. 

Unless the details as e i aired are varked out 

it mould not be possLble to specify tt.e size of the units 

that are most economical rail ebi a under the it uatiori. 

P rim a.. faci a it ap p ears 3 units of 90 my each for L hwar. 

power house and 3 unit s of 65 mgr each for Rathi art power 

house is si1t able for the scheme. The installed c 	aGIty 
thus larks out to 465 iw against the r equir en ent of 443 mw. 
TY elpr etsent p z j ect report provides 2 units of ]Sa my dt 

L e h rar' power House and 4 its of 60 my each A Rat hiari 

Power douse m it the total, installed ed capacity equal to 

540 raw. . As already pointed out this cap•W. ity appear a to 

be rather high d power plant design probably needs a 

review to exactly axe ive at the cap ac ity needed and unit 

sizes with red'ermoe to a .l r'eleta factors. 
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CHAPTER - VII_ 

cNcLUSIONS 
~rw+ 

Techniques available for deriving optimum plans 

of development in water resources Include Linear progremm.. 

ing,, Innic progr min8 and a variety of search techniques. 

As already pointed out the above methods are not capable of 

solving the overall problem cite to systen, non-linearit ies 

and unwe33.di size of the problem invlving a large number 

of state variables. 4The physical constraints and relationw. 

ship that exists In my water resources system probably 
int ro c .tee more non..linearit ies in the analysis than result 

from any other factor. For example curves of storage 

versus head$ storage versus evaporation or .storage versus 

energy production rate are highly nonlinear. So also are 

the curves of reservoir outlet asp ae Y snd power plat 

charact er st ies. 

Due to these diff icu ,ties the above methods have 
not been adopted in this rtudy and Instead, reservoir 

operation has been can" ied out for different sizes of 

development to arrive at the optimal pl 1. 

The. reservoir op ation has been carried out with. 

90% availability inflow. Adoptions of deterministic inputs 

as this has been stated to be somewhat hazardous because 

basically the st reanflow i s stochastic in nature. ef1ne. 
m of is needed in this direction for finding out the system 
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accompli slim eft s to r a p art icul ar 1 evel of development. 

In the present study four different 1 evel a of 

development have been studied. To be more p recaise, some 

more alternatives require study to establish the rising 

part of the benef]It..Cost curve and locate the optimal 

size of development corresponding to maximum net benefit. 

However the levels adopted in the project report suffix en. 

bly corroborates that the optimal size has been found. 

The r eseran it active cap ac ity on the monthly 

operation basis gpp a ." s to have been s . ightly less than 

that required, as spill to the extent of about 1f % of 
in."tow oceu rs at the end as seen from the Qmptiter out-

put s. A little refinement, is necessary in this reap ect. 

Det erminat ion of the installation size require analysis 
of the erttioal day load curves of the system. The -

ann l..peak day load curve alone may not be sufficient 

and it may be necessary to examine other daily curves 

also. The Syrthetis load curve considered In this sbudr,)  
in absence of actual load curves,. only gives a fairly 

good picture of the situation. The actual position may 

be a little dLfter t from it. Study is, there re!  need. 
ed with the actual system load curves which are relev t 

to arrive at the exact capacity of Installation and unit 
size. 
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TAL .,)4. 

SYSTS4 LOAD Ft 72-7 

1 1218 822 11.75 871 1288 901 

4 1156 811 1161 9014. 79 905 

1 1212 801 1-210 853- 1332 895 

1051 8 1295 897 1207 893 

1215 728 1232 $72 11.59 050 

6 1121 801 188 862 1201 781 

7 1152 799 1172 859 1 2147 850 

8 12 8310 1312 86.2 1262 791 

9 .936 ø5 1301 885 1.269 

10 1189 6.i5 1 181 900 1314.8 875 

11 1178 799 1266 902 1356 8916 

12 1255 9+6 1297 976 1383 863  

13 1213 9+9 1303 898 1391 878 

* 1288 856 1232 goo 1320 900 

15 1271 886 1298 868 1342 866 

16 1260 8o1. 137" 866 1324 908 

17 1244 802 1354 892 1371 920 

18 1296 71+7 1240 932 1265 962 

19 1283 879 131 938 1355 876 

20 1287 895 1321 917 1361+ 905 

21 1315 903 1201 911+ 1307 91+0 

22 1232 881 1266 $70 1315 827 



so 

1 	2 	3 	 5 	6 	7 

23 1190 892 127 905 1289 917 

24 1228 1273 +3 1330 830 
25 120+ 916 1230 893 1064 

26 1283 900 1265 879 1148 ,783 

27 1245 93+ 1284 916 1072 795 
28 1188 934+ h 2 8 877 1165 79I 
29 118 907 1253 872 1149 821 

30 1280 871 1320 883 1098 80+ 

31 1275. 879 
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1 1086 753 11114 1056 1067 751 11214 787 

2 1088 71+9 1383 1092 100 773 1.097 795 

3 1028 753 1327 19 1019 '  732 1.1.81 752 

1*. 988 745 1305 1051+ 1060 719 11.89 762 

5 98? 679 1268 961+. 1129 71+2 1156 772 

6 935 71.6 1127 .828 1082 1107 7751 . 

7 895 635 1127 775 11.01+ 756 950 703 

8 943 661 1178 7.+ 1-175 75 1056 660 

9 +8 650 1127 738 	. 1.09 761 1148 669 

10 980 652 1083 722 . 1.073 5 1.170 717 

11 . 955 703 19.85 702 10811 737 1.180 75.8 

12 1011 699 '051 679 91 714 1.180 774 

13 1027 ?01 967 712 869 651+ 1.1.52 801 

1'+ 1029 739 982 655 917 613 11611 91+0 

15 1050 721+ 959. 722 1910 627 1104 815. 

16 951+ 748 1081 7.01 1023 639 1125 762 

17 999 700 1190 731 	. 91.8.: 686 972 775 

18 . 	1077 7111. 1088 721. 1053 620 11+36 . 7018 

19 1123 71? 1096 731 1099 691 1267 773 

20 115 716 1113 756 106? 711+ 1291,. 

21 1159 777 122? 72 liii 731+ i188 786 

22 1189 796 1170 738 1090 726 11+60 7714. 
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1 8 9 10 11 12 13 1 15 

23 1176 826 1214 781 102 737 1293 777 
24 1272 813 993 751 997 728 1257 872 
25 1213 865 956 705 1047 719 1233 815 
26 , 1291 9+4 955 711 111.2 701 1193 851 
27 1276 921 95.8 689 .1132 743 1271 4 
28 1287 963 955. 621 11.39 71B i.29 941' 
29 1317 93 - 1013 672 i.168 783 11-2+ 770 

30 1302 962 1 727 1175 798 1197 748 .. 
31 11+46 98 986 721 1162 1011 
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1 1203 850 1165 825 1554 939 

2 1296 762 1222 808 1571 975 

3 1318 893 143 832 1564 956 
1+ 1313 927 1285 781 1588 9+ 

5 1128 927 :1206 823 1•51' 1032 

116)+ 831 1.5 851+. 1530  995 

7 141 847 150 •+8 11+89 1007 

8 1188 892 1303 8+3 11+93 905 

9 1379 873 1228 1553 975 

10 1313 891+ 1268 .770 1529 1003 

11 1301 861 1283 799 1.404 1923 

\12 1 .272 886 1273 838 1497 9O3. 

13 1340 882 1225 855 1482 1011 

11+ 133f 900 125? 861+ 1508 1032 

15 1.380  882 1275 860 8 

16 1360  905 1251+ 880 a 
I 

17 11+88 918 1308 872 

18 11+1+5 9514 1309 880 

19 1327 956 1329 911-  
R 

20 1158 923 1369 84 1  1  

21 1329 868 1+5 928 D 

22 1292 927 1518 950 

1326  



2 	3 	if 	5 	6 	7 

23 1326 933 ll+ 960 
2if 1386 945 1514 919 

STRIKE 

25 1347 863 1'#19 903 P r R I 0 D 
26 11 820 1.516 950 11+27 &7 
27 11 8 793 1522 954 1.1+28 915 

28 1203 803 1548 929 1369 829 
29 1264 822 1579 89' 1453 96 
30 1258 825 151+0 974 1398 981 
31 11+96 988 *81 990 



1 8 9 10 11 

1 1071i 7.16 1149 675 
.2 1050 713 1188 768 
3 986 699 1.5 836 
4 956 622 1.111 807 
5 911 635 116 700 
6 855 613 11:60 748 
7 971 598 1190 771 
8 972 679 1165 769 
9 986 690 1.1.81 781 
10 680 1219 790 
11 69? 1217 799 
12 990 672 11-19 785 
13 890 6'+8 1237 750 
114. 

983 (39 1290 772 
15 1031. 665 I84. 805 
16 12 707 1256 8 
17 1072 688 

I 

1280 
&

5 
10+5 716 1281 839 

19 1076 700 1192 781 

20 10+3 7.05 1.20+ 752 

21 1123 	. 1274. 813 

22 1140 739 . 1307 804 
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1 	8 	 9 	10 	11 

23 1169 749 123 r 812 
24 1191 675 1301 83

,  

25 1240 788 1282 850 

26 1116 792 1226 791 

27 i+0 761 1265 922 

28 1228 

29 

 795 1z1'o 8 

979 765 1250 864 

30 1.210 8, 5 
31 1215 807 



F 

H 
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4 

/ Month 	t4ont l.y Inflows in Monthly infiovs Monthly Inti.ovs 
JYiuna at La war I in irons at 	I at T  a ovala 

§ Xispan D n 
- 

J/anuarl 570 1030 2f Bd 

/ Febru all 560 1090 2640 

March 580 17:0 2 780 

,r.1 660 2040 3690 

May 840 2900 4170 

June 1475 3360 6550 

July 1775 4900 11220. 

al ga st 3760 10200 26406 

Sept ember 2040 4320 12230 

October 1620 3320 4450 

November 980 1480 448) 

December 690 1190 2740 

15,550 37,660  82, 560 



AM= OF RT'VUR MUNA AT 1 I Ti 

(in come c-day) 

oar r e rSYf 

1938 977 1415 1263 1136 1426 1693 30t *8 

1939 631 602 919 951 1095 131+3 2262 

1940 570 652 614 681 923 1265 2121 

19'1 566 520 568 598 805 1063 1661 

19+2 653 1207 1144 105 4 1014 1163 3980 

1943 1069 678 718 806 928 1199 3134 

19f 7.8 673 882 1323 1209 1099 2551 
1945. 892 791 895 1035 M4 1158 2706 

1946 708 701 717 897 953 1000 3841 

197 767 639 743 
~ 837 112 1353 

1948 7,32 798 1642 1294 1271 1009 21+96 

1949 734 1172 878 1099 1093 922 4998 

1950 728 841 871 1033 1179 1340 *4466 

1951 815 733 817 818 11*47 10*49 1673 

1952 862 633 835 995 1035 1283 2772 

1953 748 625 730 754 890 1166 3666 

1951+ 863 1824 11472 1326 1269 1276 2620 

1955 869 780 989 816 923 1271 2252 

1956 906 700 1120 1041 1418 1330 3799 

1957 1230 972 984 1016 1  3 1481 14357 

1958 938 727 782 955 916 940 3+76 

1959 322 951 975 908 951 1115 3700 

1960 91+6 803 784 884 975 979 1829 



Year 	August September October November December Total 

1938 334' 1530 1025 836 661 183544 

1939 2141 1940 101+6 0 0 12930 

19 14106 1516 918 662 623 14651. 

1941 3775 1597 1029 722 632  13536 

191+2 7061 1+1+50 1396 935 833 21+893 

191+3 6569 3820 1410 975 798 221014.  

1944 3053 2693 1055 752 681 16722 

191+5 4099 14085 231+5 1118 880 2118 

1946 3723 1785 1286 865 798 17271+ 

191+7 2537 2525 2759 1089 851 16070 

1948 7220 1+832 11498 970 860 21+622 

191+9 5015 1878 1089 771 690 20339 

1950 5872 39 1567 959 826 23586 
1951 4867 2663 1218 862 759 17421 

1952 5991+ 2311+ 1138 798 695 19354 

1953 4981 2353 1239 81+o 763 18755 
1954 4788 3511 21+36 1108 965 231+58 

1955 5567 3726 7668 1468 1059 27388 

1956 4530 2352 7519 1621 1116. 27452 

1957 3929 1+060 1896 1080 1021 23991+ 

1958 5772 2901 2380 1159 980 21926 

1959 501+1 1+720 2075 117? 938 231+73 
1960 1+338 2303 1171+ 907 767 16689 



1961 8+4- 1508 1196 1106 1110 1395 3127 
1962 908 978 1 	► 12 r1 1056 1221 1806 

1963 748 071 866 753 763 964 1962 
1964 8k5 71i 831+ 896 948 1113 354 
1965 811 813 98 1332 1401 1270 2538 
1966 536 484 558 537 778 1014 2825 

1967 635 537 982 954 919 1042 3299 
1968 1074 1173 1328 1305  1315 *36 3 259 
1969 809 670 778 929 1137 1107 2062 

1970 619 420 625 659 706 862 1630 
1971 645 525 588 668 951 3590 6125 

1972 552 669 685 1031 1217 874 3057 



92  

1961 6 482 , .3260 14.3 103? - 953 2340 
1962 2924 13362 1806 995 931 ; -28674 

1963 64'tO 4740 1490 888 .. 	885 ;. 	21030 

1964 4323 1+550 1932 . 	1027 .. 	901 21533 
1965 2796 1470 983 759 636 15793 
1966 6712 26+5 1293 916  755 19853 

1967 7418 3950 1378 91+5 916 22975 
1968 4644 2087 1.348 827 786 20582 

1969 5237 3850 1716 1081 717 20093 

1970 3910 264.6 1561 934 740 1.5320 

1971 6812 5526 1619 989 723 28757 

1972 4024 5368 1437 738 656 20308 
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CCUMUMTED-RUNQ 

ZG,U $ c M :CDAM 

Year I month 2 month 3 month 4 month 5 month 6 month; 

1938 977 2392 3655 4791 6217 7910 

1939 631 1233 2152 3103 4198 5541 

1940 570 1222 1836 2517 3440 705 
1941 566 01086 1654 2252 3057 4120 

1942 653 1860 3004 4058 5072 6235 
1943 1069 1747 5 3271 4199 5398 

1944 748 11+21 2303 3626 4835 5934 

1945 892 1683 2578  3b13 4727 5885 

1946 708 1409 2126 3023 3976 1+976 . 

1947 767 1406. 2149 2977 3811+ 4956 

1948 732  1530 3172 1+1+66 5737. 6746 

1949 734 1906 2784 3883 1+976 5898 

1950 728 1569 2440 314.73 1+652 5992 

1951 815 1548 2365 3183 1+330 5379 
1952 862 1495 2330 3325 4360 56146 

1953 748 1373 2103 2857 371+7 1+913 

1954  863 2687 4159 5485 6751+ 8030 

1955 869 161+9 2638 3454 4377 561,8  
1956 906 1606 2726 3767 5185 6515 
1957 1230 2202 3186 4202 5670 7151 

1958 933 1665 21+1+7 31+02 4318 5258 



Year 7 month 8 month 9 month 10 month i1 month 12 month 

1938 10958 11+302 15832 16857 17693 18351+ 	$y;. 

1939 '803 991+4 •11884 12930 12930 12930 

1940 6826 10932 12141+8 13366 14028 14651 

191+1 5781 9556 11153 12182 12901+ 13536 

1942 10215 17279 21729 23125 24060 24893 

191+3 8532 15101 18921 20331 21306 2210 

1944 8488 11541 11+234 15289 160'41 16722 

191+5 8591 12690 16775 19120. 20238 21118 

191+6 8820 1251+3 14328 16ii 16i  161+79 ' 17277 

191+7 6309 88146 11371 14130 15219 16070 

1946 921+2 16462 212914 22792 23762 24622 

191+9 10896 15.911. 17 789 18878 196+9 20339 

1950 101458 16330 2023'# 21801 22760 23586 

1951 7052 11919. 11*582 15800 16662 171+21 

1952 8415 1+409 16723 17861 18659 1935+ 

1953 8579 13560 15913 17152 17992 18755 

1951+ 10650 15438 18949 21385 22493 23458 

1955 7900 131+67 17193 861 26329 2?388 

1956 10314 1484+ 17196 24715 26336 27452 

1957 12008 15937 :1999? 21893 22973 239914  
1958 8734 11+506 171+07 19787 20946 21926 
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ear 2 rrnn t tt +p 

1959 922 1873 288 3756 #707 5822 

1960 91+6 1749 2533 3s17 1+392 5361 

1961 841+ 2352 3548 L65k. 5764 7159 

1962 908 1886 3332 1+573 5629 6850 

1963 7 1319 2185 2938 3701 4665 

1964 81+5 1559 2393 3289 4237 5350 

1965 811 162f 2608 39f0 531+1 6611 

1966 -536 1020. 1578 2115 2893 1+707 

1967 635 1172 2154 3108 4027 5069 

1968 10?4 2247 3575 4880 6195 7631 

1969 809 1+79. 2257 3186 4323 51.30 

1970 619 1039 1661f 2323 3029 3891 

1971 645 1170 1758 2f26 3377 6967 

1972 $52 1221 1906 2937 1+154 5028 

9Y depex - 
&,bio in- 
flow 570 1130 1710 2370 3210 4685 
(cumulated) 

Monthly 
Inflow 570 560 580 660 81+0 *75 

N.B. Year 1939 excluded as an extreme event. 
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month o 

1959 9522 11+563 19283 21358 22535 231+73 

1960 7210 11548 13851 15025 1932  16699 
1961 10286 1/68 20029 21501 22538 231+91 

1962 8656 11580 291+2 26748 277+3 .28671+ 
1963 6627 • 13037 17777 19267 20155 21030 

19 8800 '13123 17673 19645 20632 21533 

1965 97 9 11945 11+315 11+398 1515? 15793 

1966 7532 11+244 16889 18182 19098 19853 

1967 8368 15786 19736 21114 22059 22975 

1968 10890 15531+ 17621 18969 19796 20852 

1969 7492 12729 16579 18295 19376 20093 

1970 5521 91+39 12085 13 14580 15320 

1971 9773 16585 22111 23730 21+719 25442 

1972 8085 12109 17477 18911+ 19652 20308 
90 	depen. 
day le 
flow 61460 10220 12260 13$80 14860 15550 
(cumulated) 

Monthly  
Inflow 1775 	37b0 
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APPENDIX 	
_ 9 

Ru NOFF OF BIViR TONS AT It ,HAU (in m.a.ft.) 

Year 	January February . Mrch April' Iy June 	July 

1938 .1488 .2496 .2303 a 2292 .3336 .4557 .6538 

1939 .0861 .0863 .1553 .1822 .2406 .3728 .4731 
1940 •0787 •1007 .0951 1563 .1946 •3105 •2992 

1941 .07766 *0708 .0835 .1004 .162? .2557 .3270 

1942 .0909 .2054 .2030 .2096 .2185 .2852 .9094 

1.943 .0989 .1153 .1681 

 

.1485. .1792 .2950 .7912 

1944 .1141 .1122 .1711 .2065. .2899 .2946 .7046 

1945 .1005 ..0845 .1556 .1870 .2167 •3224 .5996 

1946 ,Q906 .0785 .1053 .1572 •1854 .2398 15339 
1947 .6889 .0765 .1029 .1479 .1982 .2305 .2452 

1948 .0635 .08; .3325 .3021  .2769 .2260 .5026 

1949 .078 .1250 .1277 .2015 .3174 .2272 1.0942 
1950 .0837 .1161 .1216 .2025 .2926 .3543 .7624 
1961 .1229 .1368 .1401 .1684 .2649 .2581 .4031 
1952 .1233 .1054 .1505 .2148 .2412 .3504 .5040 
1953 .1001 00939 x.1189 .1330 .1865 .3183 .8280 
1954 .1225 .2660 .2517 .2434 .2832 .3241 .5045 
1955 .1239 .1141 .1616 .1568 .1862 .3211 .7584 
1956 .1766 .1268 .2605 .2995 .4681 .4174 .8595 
1957 .1623 .1273 .1394 .2619 .3218 .3582 .8778 
1958 .1225 •0992 .1091 .1615 .1574 *2195 .6723 
1959 .1449 .1645 *1891 .2291 .2345 .2713 .6401 

1960 „1289 .1290 .1203 .1356 .1616 .1736 .0445 
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Year August September October November December 	Total 

1938 .6078 .200? ,1617 .13.91 .0931  3.4833 

1939 .3532 .3424 .1671 .1054 .0824 2.6449 

3.940 .7786 .2541 .1429 .0946 .0869 2.5922 

1941 .6948 .2524 .1634 .1059 .0882 2.3824 

1942 1.3838 .8712 .2429 .1490 .1242 4.8931 

1943 1.2043 .6728 .2366 .1245 .3222 4.1566 

1944 7034 .4406 .1703 .11378 .0937 3.4988 
2.945 06034 *7439 .4023 .16 01170 3.6916 

1946 .6728 43081 .2024 .1089 .0980 2.7808 
1947 .3342 .6060 .6602 .1251 .1023 2.7179 

1948 1.0224 .6230 .2419 .1263 .3.061 3.9060 

1949 . 1.0097 .3456 „1959 .0920 .0891 3.9131 
1950 • 7924 .7165 .2644 .1654 .1439 4.0158 
1951 1.1635 .4769 	- .2160 :1430 .1161 3.6098 
1952 3.1400 .3734 .2359 .1181 .0995 3.6565 
1953 1.1781 .4559 .1977 .1406 .1152 3.8662 
2.954 .8314 .5668 .4539 .1764 .1313 4.1+562 
2.955 .9557 .8127  1.01994 .5666 .2829 5.5394 
1956 .973.6 .4673 1.4490 .3047 .1853 . 6.9862 
1957 .8262 1.6066 .2681 .1766 .1576 4.6838 

1958 1.4706 .5117 .4814 ..1875 .1550 3.9478 
1959 .6680 .6104 .3936 ..1539 .1353 3.7447 
1960 •5Q5 .3699  .1959 ,1975 .1133 2.2697 
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3. 2 3 4 5 6 7 8 

1961. .1524 ..2592 .2768 .2602 .2689 .3752 .4817 

1962 .1408 .1925 «2797 .2663 .2716 .3177 .4283 
1963 .3229 .10% .1334 .1262 .1378 .1877 .4041 

1964 •0958 •1012 .1264 .1582 ,.1778 .2218 .8132 
1965 .0916 .11.09 .1570 .2652 .2550 .2620 .5518 
1966 .0559 0.0618 .0799 .0867 .1404 .4402 .6250 

• 1967 .0691 0,0701 .16388 .3.762 .1694 .2109 e7824 
1968 .1020 .1513 .2370 .2170 .2198 .2908 .7877 
1969 90724 .0876 '.1151 .1258 •.2151 .2491 .4599 



r,0 

1 	9 	10 	11 	 14 

1961 •7485 o 5758 .2807 •1920 .1545 4.4259 
1962 .6585 1.0019 .3950 .2665 01790 4.3977 

163 12222 x9859 .2259 .1094 .1000 3.8503 
1964 .8234 .8732 .3173 .1346 .1014 2.9443 
1965 .5192 .•2350 .1091 .0904 +0682 ri. 7154 

1966 1,363.4 .2074 01129 .0839 3.7705 
1967 1.4580 .7088 .2731 .1262 .1073 
1968 .7807 :3347 .1+596 .6805 .0722 3.4136 
1969 .7641 .5112 .1578 ..1111 .042 2.947 1 



jot 

'Ye ax 'anu 	y Februa y Ma 'cb April may a July 

1933 .2776. .285 •3326. ' • 3082 66 010 1.9368 
193)+ , 3210 .2866 .2796 .2830 .2916 .4434 1.5930 

1935 .2630 .3398 .3286 4102 .'.388 .4P94 1..3914 

1936 .183k .1696 .2076 .2712  .4294 .7568 1.2314 

193? •2598 •3845 •397 .4716 .2759 .6861k  1.7255 
1938 .32 .529 ,442 » .3936 .5176 .653+ 1.3111 

1939 .1872 ,1816 .2980 .313* .372+0 .2+976 .9510 

1940 .1696 .2056 .183 2 .2070 .3016 .2+2+80 .86x6 

1941 ,1671 .1530  .1603 .1719 , .2531 .2674 ..6346 

192+2 11959 - .2+262 .3900 .3602 .32+ .4143 i.ø+2+8 
19 43 .3618 •2091 .2207 .25 43 .3060 .2+221 1.2+200 
1 .2298 .2058 .3286 .7 .32(# .3972 1.09714.  

1945 .272 .1939 .2753 .3389 .360+ p40 1.2522 
1946 .214,5 .2076 .2196 .2928 .3135 .2+311 1.8862. 
191+7 ,2372 31926 .2282 .2652 .3105 .3955 .14808 

191+8 .22x2 .21+02 .6659 .2+586 3460 .3139 1.1006 
1949 .2232 •1i+3 .3060 -3789 .3991 .3020 2.3630 

1950 •2245 12602 .2806 •3521 ♦1+0392 .4878 2,1182 

1951  .2556 .2295 .2608 x.2607 3966 .3601 ..613? 

1952 .2343 .1996 .2664 •3352 .3231 .2+679 1.211+9 

1953 •2227 .1901 .222+2 .2338 ..2890 .4596 1,7088 

1954 .2551 •72+39 .5422 .4771 ..4503 .2+52+5 1.1305 

1955 .2789 .2+90 .3268 .2583 .3020 .1507 .9578 



M 

Year Aigust September October November December 	Total 
J2 J3 = 

1933 2.332 1.8952 .664 .3736 .3098 9.8395 
1934  3.+76 1.091 .+290 .2920 .2684 8.6266 

1935 2.5780 .7798 .3636 .2516 -21C4 7.666 
1936 1.#312 1.+698 .1sk90 .2821 .2888 7.1703 
1937 1.4565 2.0236 .5428 .3+7O .25 9.0555 

1938 1.5260 .575 .333tf .271f .1956 7.0757 

1939 . 876 F .158232 t3516 - 2211* .1876 5.2630 

190 1.9+50 .5952 .3012 .1986 .185 5.6030 

191 1.7379 .6093 ,30 ,2223 .1883 ..9112 
191f2 3.8 2.1103 ,i16 .3127 .2650 10.6162 

1943 3.1?0 1.793 .51+ .3168 !201 9.16 
19k 1.371+ 1.1900 .3607 .2336 .205+ 6.187 
191 5 1.920 1.9660 .9900 .3852 ,2760 8.6387 
1944 1.734 .6962 .)4579 .2780 .09 6.9797 
191,7 1.0911 3.8308 102198 .3738 .2702 8.8957 
1948 4.0224 2,2910 .5552 ,3210 ,2731 10,921 

191 9 2.381)4 .760 .3707 !2080 8.31+32 
1950 2.85+1 1.7985 .5896  .32f .25f 9,956 

1951 2,3177 1.1758 .1,286 .28d+ .2329 9+21+  

1952 2.8905 1.0217 .3886 .2535 .2117 7.8074 

1953 2.+079 .9992 .4336 .2731 o2343 7.6703 
1954. 3.3375 1.6090 1.0+72 .385 .3191 10.7509 

1955 2.7165 1.7351 3.5366 .570 .3610 11.7197 
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2 3 5 6 7 8 

1956  .2951 .2149 f3+3 .3536  .4902 .791 1.6542 
1957 .4185 .3311 .3270 .31t68 • 92 .548s 2.2799 
1958 •255 .2087 .2229 !3002 .2752 .2891 1.6229 
1959 .2922 .3251 .3179 o,2882 .3228 .3887 197075 
1960 .3076 .2520 ,2#2 .2780 !962 .231. 1..3O 
1961 .2638 .5802 .+154  .381  .3790 .5052 1.i675 
1962 02962 .3998 .5316 ,314 .36* !22 .7091. 
1963 .2166 .1708 . 2723 • 2269 .*9 .3197 .7818 
196t+ .2652 .2293 .2601+ .2834 .3032 .3790 1.6055 
1965 .2520 .2509 - .3216 .789 .ts362  • f76 1.0890 
1966 .1546 .1399 .1623 .1562 .206 .71f63 1.2550 
1967 0903 01587 .3333 .3132 .2899 .3595 1 
1968 .3116 .3117 .52i1 .165 .3787 ,5099 1.9481 
1969 .2099 .191 .2326 .2308 .3505 .3968 .9978 

I 



1 9 10 11 12 13 14 

1956 2.16k5 .99sk 3.50+3 .62.1i .387k 11.60  
1957 i.M 1,8539- .71188 .3612 .3308 9.30 

1958 2.8124 1.2942 1.0358 .3900 .3152 9.0521 
1959 2.4391 2,24 . $1 .f118  .30 3 9.8827 
1960 2.052 ..9755 8 .2773 .2370 6.6a93 

1961 3.13+0 1.5715 ,530  .3503 305 9.89'4 

1962 1,3319 2.4436 021 8 .2975 8.2712 
1963 3.0090 2,3178 •5.553 , 2 	, .2788 8.6682 

196k 2.0538 2.0278 ,805 .3k9k .2827 8.8202 

1965 t.' 75 559? 1-3117 f;4351 .1905 5.20,? 
1966 3.3096 1 2123 ,k5,87 .294+ .2326. 8.3625 

1967 3.6596 1.6391 .k92  .3112 .2897 9.53k11 
1968 2.0326 .5714 ,329+ .2348 .2085 7.7763 

1959 2.4314 ' .6180 .46 .2881 .2342 7.6506 



Month Pvapo ration depth 	) 

J anu all 0.07 

Pebraary 0.09 

March 0,13 

*,ria. 0.15 
May 	V 0.26 

Tune 0.24 

duly 0.18 
Ailgu 	► 0.14 

September 0.14 
October 0.18 

November 0.09 
Deeenbe r 0.08 

Month 
rwrw.wlwrw 

F.n ergs'Demand Co of f io ient 
wl~Yw~ r.rrrwrrww 

January 0.103 
February V 	 0, 072 
March 0.084 
Ap r11 0.085 

May 00088 
June 0.086 
July 0.076 

 M. 

August 0.074 
Sept anber 0.073 
October 0.081 
November 0.086 
December 0.098 
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APPENDIX 5 

$EC0NDLRYvJER CALCULAT IONS 

50% availability runoff 	 20 9300 cumec day' 
90% availability runoff 	 15,50 	" 

Ad .itional runoff 	1+1750 	T`.. 

L' 	 T. 
Average rate of energy pro .tetion 	(~ -- . ) :x 10-3 

per cunec" .ay of water 	 x 10-3 

i9. I x i cf'3 mk4h'_. 

Total energy that would be avail b le frrm the 
additional runoff of x.750 cumea day ,n • a 50°i year 

1+750 x 49:1 x 1 a"3 
23,E mk i~. 

ALTERN .T 1VE 2 

Average rate of energy production =( 	3 +  

101-.1 -{ 	--M3 x 10 
50.5 x0' mkwh . 

. Total energy 	 = 1f750 x 54F 55 x 10 3 

240 m kwh`. 

ALT` ATIVE. 3 
x'91,•? f ~+ -3 Average rate of energy production = ( 	) x 10 

iO3¼7  
2) x103 

i.85 x 10"3 mwh!. 
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* 11. Total energy 	 ?50x51v.85x10"3 

246 m a.'. 

ALTERNATIVE Lj- 
51.9 +55.6 Average rate of energy production = 	2 	—) x 

io1s 	-3 
2 

531.75 x 10-3 

Total energy 	 750 x 53.7 x 10 3̀ 

255 mk 

T aging saving in coal as 5 pad. se per. k 'h of energy, 
the benefit fran saving in coal cost due t9 secondary power 
would be as follows: 

1. For Alternative I 	 =233 xc.05x106 
.- RS:'1 Ei . 	ls.112 S 

2. For Alternative 2 

	

	 240 x 0.05 z 1Ov 
Rs.i~ laI.s 

3. For Alternative 3 

	

	 24bx0.05x106 
fl.i23 1a1 s 

?+, For&lternative I- 	 255 x b 05 x 106 

=. S°.1274 laka s'. 
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APP I IX - G 

q.Hx62.)+xO.85xo'.7 
Power Output } P = ..._. 	 kw 

550 

1w 
13.9 / 

Where 	= Flow in cosecs 
H = Average head acting on turbine in it'. 

Combined, efficiency of turbine & generator is taIn 
as 85%* 

In metric units 

P = 6.33 Q. H. Vii. 

Where 	Q = Flow in cunecs 
H = Average head acting on turbine in mL. 

ENERGY 1OUC1 ic R&T E F Q AJ C E LNAT IVE I AT EL 717.0 m 

Average tail~,ater elevation of Hatiax .  
Gross head on turbine,$ II = (747 - 513.5) = 233.5 m 
Neglecting head losses I czec--day produces 

energy, E = 8t•33 x 233.5 x 24 
= 11.6,700 kwh. 

At 

H = (7f 7 — 513'•5 ) + 1/2 (7% - 717) = 235 m 
B., =8,33 x235.x21 

17,000 kwha. 



1.10 

At E.L. 755 

H = (7)-7 + 513.5) + 1/2 (755 	7)4-7) 	= 237.5 rn 

E=8.33x237.5x24 
479500 iwh 

H = (7'i7 ' ~- 513.5) +' 1/2 (760 — 7)47) 	240 m 
E=8 :.33x2lvx24 

= +8,000 

H=233.5 +1/2x18 

. 8.33 x 2k2.5 x 24 
• )+8,500 k►lh . 

42 
H = 233.5 + 1/2 x 23 

•= 21+5 m 

. 	E, = 8.33 x 2)4.5. x 24 
= 49,0©0 	!. 

 E.L. Lam; 

H 233.5 + 1)r 
247'.5 in 

. . 	E = ' 8.33 x 24?a.5 x 24 
)9, 500 iii, 

0 



At LL. 780 -
H = 233,.5 + 16.5 W 250 m, • 

• = 8.33 z 250 x 2 . 
50, 0©0 kw r. 

At i.L.._ 81 

H = 233.5 + i9 a5aa.5 rn 

E._8-1.33 x25` x21+ 
50,500 W. 

At  

H 	X33*.5 + 2i .,5 = '5 m, , 

•• 81..33x25' 2 
_ 51,000 Jot 

U 233'.5 + 21+  257.5 zn 

r.. =8.33x2575x2 
51,500 k 

Similarly for other 3 a1• ernatives, the energy production rates 

are as follows (Figures in thousand kth) 

E.L. 	755  760 	762 ?65 	?0 	773 775 ?80 785t?90 795 800 805 	810 

ALT 2 	43,.3 	1 .3 )+.8 	- 	5 .'3 50.8 513 5168 53  5 	— 	.. 

3 	.. 	49,7 	5 ,5 	- 	51 51r552 5 •5 53 	53.55k  
ALT 4 	.. 	.. 	. 	.. 	.. 	51;9 5 	l -5 	6 53r.1 	Fr6 5 '. i 	• 6 	.1 55'. 



Hour 0 1 2 3 4 5 6 7 8 9 11} U.12 

Load' 416 364 948 346 354 354 356 476 524 X4©9 S©6 496 478  
(,flew) 

%eye 
©f peak 63.2 55.2 52.7 52.5 53.1 63.7 54 72.2 79.6 61.6 76.8 73.7 72.5 

Hour 13 14 15 16 17 3$ 19 20 21 22 23 24 

Lo ad 496 498 482 542 550 828 648 656 628 440 406 360 
(mw) 

o d  f 	78.3 75.6 73.1 82.8 83.6 96.2 98.4 1.0 a5.3 66»7 61.6 54.5 
P eakt 
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L.F-74.3 
640 AV. LOAD-488•4 

600 
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560 

I. HYDEL-55.9 MW 

520 2.STEAM-120 MW 

3.IMPORT-141 	MW 

480 4.ROSTERING 29OMW 
659 

440 

L 
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.360 L 	G G 	TOTAL 
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240 

200 
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FIG. t6- DAILY LOAD CURVE OF GANGA-SARDA GRID-1.174 
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C C OPERATION OF LA KHWAR RESERVOIR -- P,K.GHOSHAL W.R.D•T.0 

DIMENSION FLOG 2)sC(12),EVR(12)sERG(25)sAG(25),SG(25) 
DIMENSION 5(13) ,R(12),EV(12),EI(?2),A(1 	)s4R(12),ERI(12),ER2(12) 
READ 49iYsE 

99 FORMAT(2F1094) 
RE\1, 	-10t~,(FLr,(I )sI-.I,12) 
READ) 	I.00, (C(I) , T'~'! ,12 ) 
READ 	J.00,(EVR(I ),T=1 	1.2) 
READ 	i0O,(ERG(.) )i111) 
RE4D 	7tQ,(AG(J) ,J3.11) 
READ100►(SG(J`)> J=1s1I.) 

100 FORMAT (8F1( 	4) 
200 &(1}=Y  

M=1 
DU 101=1912 
AI=0. 	5 	ERI=U. 
ES(I) 
DO 20H 	1,2 
DO 42 J=1,11 
IF(S(I)—SG(J))1 2+13'42 

12 K=J 
KK=J-1 
ADE= 	((ERG(K)—E RG(KK))*(S(I)--SG(KK)))/(SG(K)-SG(KK)). 
D=ERG(KK)+ADE 
IF (N-1) 22,22,23 

22 •ER(I)=D 
GOT027 

23 ER(I)=(ERI+D)/2 ,► 
27 ADA=((AG(K)—AG( KK))*(S(I)B-SG(KK)))/(SG(K)—SG(KK)) 

AM=AG(KK)+ADA 
IF( N-1)25,25,26 

25 A(I) =AM 
GO TO 28 

26 A(I)=(AI+AM)/2. 
28 GO TO 15 
13 K=J 

IF(N-1)29,29,30 
29 ER(I)=ERG(K) 

A(I)=AG(K) 	$ GO TO 15 
30 ER(I)=(ERG(K)+E RI)/2. 

A(I)=(AG(K)+AI)• /2. $ GO TO 15 
42 CONTINUE 
15 EV(I)=(A(I)*EVR (I))/L.64 

PUNCH701,IsEV(I )sN 
701 FORMAT(2HI=,I5s 2Xs6HCV(I)=,Fl0.2,2Xs2HN=,I5) 

EI(I)=E*C(I) 
PUNCH601,IsEI(I )sN 

601 FORMAT(2HIiI5, 2Xs6HEI(I)=,FiC.2s2Xm2HN=s15) 
IF( I-')7,17,18 

17 R(I)=(F:I(I)+(FL 0(I)/73.))/1 	ER(I)/1000.)+(1./73.)) 
ER]. ( I ) 	( I ) 	l I) i '10O0.  
ER2(I)=(R(I)—FL G(ii)/73. 
IF(ER2 (I)) 51,!'i #52 

51 ER2(i)=,►, 
52 PUNCH7.i3,I9R(I) fLi~l(I)aL1;stIIoil 
703 FORMAT(2l1 -sj54 2XR(I)=,Fi,0.2a4Xs7HEF:;I(I)=sF1O.2s2Xs7HER2(I), 

1Fl0.2, 2 X,2Hl 	, I 5) 
GO 13 19 

18 R(I)=(.E1(I)*100 G-)/ER(I) 
ER1(I)=R'I)*ER( I)/10oo, 
ER2(I)-0. 
PUNCH7O44,Is<(Ii iERUIiuR2(I iN 
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. is Total energy 	 '?5ox51"..85x16"3  
246 mm. ,. 

ALTERNATIVE L1- 
51.9±  55.6 

Average rate of energy production = 	2 	—) x 10 

-C 	x 10'3  2 

= 53,?5 x 

. . Total energy 	 1?50853..7x10 3̀  

255 mki. 

Taking saving in coal as 5 paise per. IMi of energy, 

he benefit from saving in coal cost cdue to, secondary power 

would be as follows: 

I. For Alternative I 

2. For Alternative 2 

3. For .Alternative 3 

1+4 For& ltexnative 4 

= 233 x .O5x106. 
 

= &0116,5 la1 1s 

2140 x 0.05 x 10E 

.is,i1 0 laIs 

=246xY.,05x106  
B123 la1 s 

255 x 0.05 x 106  

R.# 27 'lapis. 
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