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The first hydropower plant in Karnataka state, India, was set up at Shivanasamudram in 1902.
Gradually, the capacities of hydropower plants became very large due fo increased electricity de-
mand, Large-scale kydroeleciric plants now contribute significantly to meeting the state’s and the
nation’s demand for electricity. Most of Karnataka’s hydroelectric plants are located in Uttara Kan-
nada district. Construction of large reserveirs is restricted due to environmental constraints and
necessitates the development of ecologically sound alternatives to cater for the needs of the region.

The planning of water resources depends on type and size of projects, the ecological factors involved,
etc. Emphasis is placed on presenting an overview of water resources through meteorological, hy-
drological, ecological and economic data. Economic data includes all costs and benefits, specifically
hitherto underestimated, environmental social costs and benefits. This study was carried out in
Bedthi and Aghnashini rivers in Uttara Kannada district of the Western Ghats region, Karnataka
state, India. An estimated 720 and 510 million kWh of electricity can be generated in Bedthi and
Aghnaskini river basins if all the streams are harnessed. Focusing on land submergence impact,
a model is proposed to minimize submergence and maximize net energy in a region, with seasonal
power generation, reservoir storage capacity (so as to meet the region’s demand during all seasons)
and installed generation capacity as the decision variables. Net energy analyses incorporating
biomass energy lost in submergence show that maximization in net energy at a site is possible, if
the hydroelectric generation capacity is adjusted according to the seasonal variations in the river’s.
water discharge. A decision support system (DSS) used in water resource planning for electricity

generation is discussed in this paper.

1. Introduction
Hydraulic poteatial is the combination of the possible
flow and distribution of gradients, and hydraulic resource
is that fraction of hydraulic potential which is still acces-
sible after economic considerations. Hydropower owes its
position as a ienewable resource to the varying but maore
or less continuous flow of a certain amount of water in
the stream This water, supplied by tain, is always moving
from the mainland to the sea, where it evaporates into the
atmosphere in an unending cycle controlled by two op-
posing forces, the heat of the sun and the earth’s gravity
The river is thus very dynamic, with fluctuation due to
gains from precipitation, losses through evaporation and
consumption, and reduced flow caused by obstacles,
which inciude turbulence in a toirent or soil permeability
leading to entrapment of water that continually tries to
reach its lowest gravity potential, the sea. The various
time-lags introduced while traversing this geological maze
modulate the initial variability of the rains and determine
the different patterns of the streams, which form an image
of rain fallen on the catchment area after filtering through
complex geological and topographical environments.
Installed electrical energy capacity in Karnataka state
is 3005 MW, out of which 79 % is through hydropower
sources (2375 MW) and the balance 21 % in coal-based
thermal power stations. At present, hydroelectric develop-

ment work is undertaken on an ad hoc project-by-project
basis with capacity fixed on the basis of 90 % availability
of water annually, estimated over a 10-day period. The
current planning approach is characterised by an attempt
to provide constant power throughout the year, maximis-
ing the electiical energy output through supply expansion
options without considering environmental impacts, The
seasonal and yeariy fluctuations ot rainfall/stream tlow
being high, planners try to achieve their goals by opting
tor large storage reservoirs having greater submergence
area, ignoring energy (in terms of bioresources) and eco-
nomic costs of the submerged area. Also, this approach
ignores the complementarity of the different options, such
as (1) run-of-river hydro plants, (2) seasonal peak power
generation and (3) other options, especially the thermal
option from available biomass in the region on renewable
basis There is a need to consider 90 % reliability of the
system in the region, and not of the individual projects,
to prevent gross underutilisation of the natural resources.
Besides, the integrated systems planning of supply and
demand, which would help in optimal development of the
potential, should be considered

This paper focusses on the design of a hydroelectric
project with emphasis on economic efficiency and engi-
neering soundness subject to social, political, environ-
mental, ecological, cultural, institutional and legal
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constraints. [he complexity is compounded by lack of
methodologies that can quantify these constraints or ex-
press them in tangible terms. Some of these constraints
are not mutually exclusive and are even conflicting
Clearly, these invoive trade-offs between different con-
straints that may be qualitative. Thus, sausfying these
constraints plays a dominant role in achieving the objec-
tives in water management Optimisation (programming)
and descriptive (predictive) model approaches are usually
adopted to accomplish this complicated task [Falkenmark,
19891 The optimisation models aid in decision-making
attempts to derive the optimal water management scheme
for a set of objectives. The descriptive models attempt to
predict the consequences of a management scheme for a
known quantity ot water. The steps involved in develop-
ing a water management scheme are: evaluation of water
availability, specification of constraints, specification of
objectives and their expression in terms of quantitative
criteria, selection of appropriate model scenarios, deriva-
tion of alternative schemes, evaluation of each scheme
and comparative evaluation of schemes in measurable
terms.

Hydroelectric projects are decided on the basis of two
criteria in India The Planning Commission specities that
the benefit-cost (B-C) ratio should be greater than 1.5 for
clearing any hydroelectric project, while the state agen-
cies, such as the Karnataka Power Corporation Ltd.
(KPCL), choose least cost of generation between the al-
ternatives. These approaches do not take into account en-
ergy/economic costs of submergence and alternative
designs involving seasonal variation in generation. The
land area submerged can be viewed either specifically as
a source of bioenergy in the form ot fuel wood, etc, or

as a source of economic benetits in general In view of

these, the following alternatives are suggested for calcu-

lating the benefits:

1 computation of’ benefit-cost ratio strictly on energy
terms: this involves calculation of net energy from the
project, defined as the annual electrical energy gener-
ated minus the energy lost trom the potential annual
increment of wood biomass in the submerged land

2 assigning monetary value to the submerged land and
incfuding it in the construction cost of the project itself’
The main objective of economic analysis in develop-

mental projects is to see whether the resources are put to

effective use. This analysis has to be carried out by in-
corporating a number of socio-economic and environ-
mental variables. This incorporation is different from the
conventional economic analysis in which cost minimisa-
tion and profit maximisation are the primary objectives
Economic feasibility consists of examining the total
benetits that result from a project and finding out whether
they would exceed those that would accrue in the absence
of the project by an amount in excess of the project cost.

It depends on engineering feasibility that assures benefits

and environmental feasibility, minimum submergence. In

1958, the Planning Commission while reviewing five

major projects showed that large benefits accrued from
irrigation in terms of double-cropping, diversification and
better quality crops, higher yields, larger income and
greater employment opportunities. The indirect benefits
were the establishment of processing industries, expan-
sion of consumer industries, retail trade, transport and
communications The committee recommended that eco-
nomic benefit criteria be adopted instead of financial cri-
teria for sanctioning hydropower projects for irrigation or
power In 1966, the Ministry of Irrigation and Power,
Government of India, laid down that a project has to be
considered worthwhile only if the B-C ratio is not less
than 1 5 However, there is special consideration for scar-
city and backward areas

The main objective of cost-benefit analysis (CBA) dis-
cussed in this paper is to look for economic viability of
a project. It tries to include all technical, physical, socio-
cultural and environmental variables affected by the pro-
ject in terms of economic value fixed for the
pre-determined year Cost includes any expenditure in-
curred by the project authorities ot society directly or in-
directly over the economic life of the pioject This
includes construction cost, and operation and maintenance
cost till the end of the life of the project.

2. The decision support system approach

Decision support systems (DSS) focus on providing flex-

ible tools for policy analysis rather than providing models

to answer structuted problems [Parker and Ul-Ataibi,

1986] Indeed, modelling tools are only a part of DSS,

which comprises three component subsysterns, namely:

1. the database management: manages an integrated da-
tabase to drive all models;

2. the model management: this helps in creating new
maodels, cataloguing and editing existing models, in-
ter-refating models by links through the database and
integrating small models (building blocks) into larger
model systems

3 the dialogue management: using consistent and famil-
iar interface (like spreadsheet or word processing pro-
grams), this design is guided by various
methodological considerations, such as
a. scenario approach: simulates alternative energy and

economic futures under different assumptions;

b. integrated enetgy environment pianning: stresses
the importance of integrating the analyses within
comprehensive planning while emphasizing a dis-
aggregated approach; and

c. flexibility and user friendliness: designed as a set
of flexible, expandable and comprehensive mod-
ules

21, Objective

The objective is to design a hydioelectric plant utilizing

optimal energy in the water, with minimum submergence

and economic costs, taking into account inter-seasonal
variation in generation ta meet the region’s demand during
all seasons and develop DSS in water resource planning for
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electricity generation.

2 2. Methodology

Feasibility investigations in the catchment area and po-

tential assessment at selected sites were carried out.

2 2.1 Feasibility study

The hydrology of the river and streams under considera-

tion was studied by:

I measurement of basin area;

2 pre-feasibility study of all streams with water head
greater than 3 m;

3 analysis of 90 years’ precipitation data collected from
India Meteorological Department;

4. computation of discharge by empirical method based
on precipitation history of last 90 years and compatri-
son of this with the values obtained by actual stream
gauging;

5 computation of discharge and power in ungauged
streams by empirical/ rational method; and

6 computation of power and total energy in all streams,

22 2. Computation of stream discharge

Both direct and indirect methods were used. Indirect

method was tried in order to assess the potential of un-

gauged streams.

| Direct estimation of flows at site Stream discharge is
the rate at which a volume of water passes through a
cross-section per unit of time, usually expressed in
units of cubic metres per second (m*fs) The velocity-
area method using a current meter is used for estimat-
ing discharge. The cup-type cutrent meter is used in
a section of a stream, where water flows smoothly and
the velocity is reasonably uniform in the cross-section
As far as possible a cross-section is chosen where the
current is reasonably regular over the whole width.
This measurement of five readings for three consecu-
tive days every month is carried out for 18 months to
account for day-to-day fluctuations and seasonat vati-
ations

2 Indirect estimation of flows at site. The tunotf trom
raintall was estimated by: (1) empirical relationship
between runoff and precipitation (by regression analy-
sis of field data) and (2) rational approach by assuming
a suitable runoff coefficient (C) based upon soil types,
vegetation, geology etc (for example rocky and per-
meable C=08-10, slightly permeable C=06-08,
heavy forest C=0.1-0 2, sandy soil C=02-03)

The tunoff yield = CxAxP (where A = basin area and
P = precipitation)

323 Potential assessment at selected sites

1 Hydrology. The hydrology of the Bedthi and Agh-
nashini rivers at Magod and Unchalli sites was ana-
lysed daily and weekly using five years® daily
precipitation data,

Engineering design aspecis. Information on topo-
graphic mapping (contour map), geological feasibility,
best dam site, tunnel alignment and power house lo-
cation was obtained tfrom the Department ot Geology
at Karwar and Karnataka Power Corporation Limited
[MPCL, 1977; KPCL, 1973, 1993]

)

3 Stream discharge data analyses. Average, standard
deviation, maximum and minimum of inflow data were
computed for 90 years on monthly basis.

4. Mapping of contours. Various contours at dam site for
different heights were traced and area determined us-
ing planimeter.

5. Calculation of submeigence area. Submergence area
was determined for various heights of the dam and the
corresponding full reservoir level (FRL)

6. Computation of reservoir volume for various heights
of the dam. A certain amount of “dead” storage capac-
ity was added to account for sedimentation.

7. Parametric analysis. Computation of seasonal power
drafts and annual electricity generation for various
heights of the dam

8 Net energy analysis. Net energy was computed by de-
termining the total electrical energy generated minus
the energy lost trom the potential annual increment of
wood biomass.

9. Design and cost estimates. The preliminary designs
and cost estimates for all the components of the project
— dam, pressure shaft, power house, intake and outlet
structures (civil, electrical etc ) were determined.

10 Economic analysis Benefit-cost analyses incorporat-
ing environmental costs, such as submergence area, re-
habilitation costs, etc., for various heights of the dam
at each site.

3. Study area

Uttara Kannada district lies between 74°9" and 75°10° E
longitude and between 13°55" and 15°31" N latitude and
covers 10,291 km” (Figure 1} The recent Landsat image-
ties show 67 04 % area under forest, 1 94 % under paddy
and millet cultivation, 1.26 % under coconut and areca
orchards, 194 % under tocky outcrops and the balance
27 82 % under habitation and reservoirs Among the four
rivers, the hydro-potential of the Kali and the Sharavati
has been tapped for power generation through large res-
crvoits, submerging vast tracts of natural forests and dis-
locating a large number ot families. In view of these facts,
we have tried to assess the potential of Bedthi and Agh-
nashini rivers, exploring ecologically sound means of har-
nessing the hydro-energy.
3 1. The Bedthi or Gangavali river
The Bedthi or Gangavali is formed by the confluence of
two streams near Kalghatgi (Dharwad district), namely,
Shalmala from Dharwad south and Bedthi originating
from Hubli taluk After flowing westward tor about 25
km, it enters Uttara Kannada district and flows on a fairly
south-westerty cowrse for about 30 km betore falling into
the sea, about 30 km south of Kalinadi The united stream
Hows about 8 km south-east to the border of Uttara Kan-
nada, and during the course of 95 km (out of the total
length ot 160 km) across the district, it receives no feeder
of any size At Magod village, about 40 km from where
it enters the district, the Bedthi tumbles over the western
face of the Sahyadris in a cataract known as the Magod falls
The river network in the district is shown in Figure 2.
The Bedthi river, tlowing mostly in hilly tracts and deep
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gorges, cannot be used for irrigation development On ac-
count of the available water potential and the many wa-
terfalls, the topography of the course offers ideal sources
for hydropower development. Suitable dam sites have
been identified near Magod falls in the upstream for hy-
dropower development On the basis of the model ex-
plained earlier, water would be drawn on a run-of-river
basis (during the monsoon period) and a small storage
facility would meet the non-monsoon requirement of the
region.

The Bedthi catchment is bounded by the watersheds of
Kalinadi in the north, Aghnashini in the south and Tun-
gabhadra and Malaprabha in the east The river drains a
total area of 4060 km?® of which about 2080 km? comes
under the command of the proposed dam site above
Magod falls. The river Sonda (Shivganga falls) drains an
area of 1077 km?, while the Bedthi drains a total of 1980
km? below Magod talls, flowing mostly in the hilly tracts
and coastal plains receiving rainfall mainly from the
south-west monsoon The shape of the Bedthi basin is
elongated trom its origin up to the Arabian sea The maxi-
mum length of the basin is 160 km and the maximum
width 40 km. At the proposed dam site, the shape of the
catchment is elongated, the maximum length and width
being 80 and 25 km respectively The perimeter of the
catchment is 240 km. The river-bed at the proposed dam
site is at an elevation of 373 m. The maximum altitude
of the catchment is about 780 m above mean sea level
3.2 The Aghnashini or Tadri
The Aghnashini or Tadri or Donthalla river (total length
120 km) originates at Manjguni near Sirsi and after a
winding westerly course of about 70 km falls into the sea
about 10 km south of the Gangavali river It receives no
feeder of any size throughout its course. It has two
sources, the Bakurhole rising in a pond at Manjguni about
25 km west of Sirsi and the Donihalla whose source ts
close to Sirsi The streams meet near Mutthalli, about 15
km south of Sirsi, under the name of Donihalia and the
river flows about 25 km south of Sirsi in 2 winding west-
erly course to the western face of the Sahyadris down
which, about 13 km notth of Bilgi at Unchalli, it drops
as the Tushington or Unchalli Falls The shape of the Agh-
nashini catchment is also elongated from its origin to the
Arabian Sea. At the proposed dam site, above Unchalli
Falls, it commands an area of about 606 km?

3 3. Stream flow measurement (direct method} and
computation of power (kW)

Stream flow and ecology are affected by basin conditions
The rate of runoft depends on drainage efficiency ot hill
slopes, moisture content of the soil, subsurface geology
and vegetation cover [Gordon et al, 1992: Holland,
1967]. Stream gauging shows discharge ranging from 1.12
(in August) to 0.015 m*/s (in February) for the Boosangert
stream. In the case of Muregar, it ranges trom [.395 to
0026 m*/s This indicates that streams of this kind are
seasonal. Power generated duaring June-September is sut-
ficient to meet the energy needs ot nearby villages (con-
sisting of 28 households).

An earlier study explored the possibility of harnessing
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Figure 1 Uttara Kannada district

hydro potential in an ecologically sound way (by having
run-of-tiver plants with no storage options) to suit the
requirements of the region [Ramachandra et al., 1993]
Sirsi, Siddapur and Yellapur taluks of Uttara Kannada dis-
trict, being located in a hilly terrain amidst evergreen for-
ests with a large number of streams, are ideally suited for
micro-, mini- or small hydropower plants. Monthly stream
gauging at Muregar and Boosangeri has revealed that
mini-hydropower plants could be set up at these sites. The
stream at Muregar is perennial and with a flow of about
026 m’/s during summer, 10-20 kW of power could be
generated, while during the monsoon season, 300-400 kW
could be harnessed

14 Stream flow measurement (indirect method) —
empirical/rational method

The relationship between runoff (R) and rainfall (P in em)
is determined by regression analysis of field dara where
R = 0 85xP + 305 Discharge computed by empirical/ra-
tional method and the subsequent power calculated is in
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