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ABSTRACT 

PLANNING OF A SMALL RUNOFF RIVER HYDROPOWER 
SCHEME IN KARNATAKA 

By 

Mr. V. S. Khaire 

Indian Institute of Technology 
Roorkee 

June 2008 

Research Guide: Prof. D. K. Srivastava 

Department of Hydrology 

Hydropower is currently the world's largest renewable source of electricity, 

accounting for 6% of worldwide energy supply or about 15% of the world's electricity. 

The main objective of the study is to know the maximum hydropower energy which can be 

generated from the given daily flow 

In present research work the point rainfall data of study area (KADMANE 

Catchment) was available and rainfall runoff data of nearby site. Using this data estimated 

the average rainfall and runoff for the study area. Now this runoff data is used to 

determine the 90% dependable year with the help of rank analysis method. After 

determining the 90% dependable year drawn a flow duration curve for getting the daily 

energy potential these gives us the annual energy production capacity of hydropower 

plant at different capacity. Then using the optimization technique obtained the optimal 

installed capacity of hydropower plant determined and it is 14.46 MW(from marginal 

curve), 7.95 MW(from benefit cost curve) 

From the analysis it is concluded that the project is financially viable. 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL 

Hydropower is currently the world's largest renewable source of electricity, 

accounting for 6% of worldwide energy supply or about 15% of the world's electricity In 

the recent times the non-renewable and exhaustible sources of energy are getting depleted 

at a very fast rate, which has focused attention to the non-exhaustible and renewable 

sources of energy. Hydropower is one of the most common renewable sources abundantly 

available in the hilly region. However, large hydro power plants are not being taken up 

for execution in sufficient number as these involve huge amount of funds and also the 

planning and construction period is very high. Therefore, with the increasing demand for 

power, the activities on small hydropower projects have accelerated in recent times. The 

small hydropower schemes are the appropriate solution to power demand as these require 

small capital investment and can be completed in a very short period of time. 

Small Hydro-Power Plants (SHPPs) have found special importance due to their 

relatively low administrative and executive costs, and a short construction time compared 

to large power. plants. These SHPPs are in the "run-off river" category because their 

generated capacity is based on the deviated water flow of river run-off and consists of a 

diversion dam, conveyance of water system, head pond, forebay, penstock, power house, 

and tailrace structure of the body of the SHPP as well as other electrical and mechanical 

equipment (see  Fig.1.1)  The deviated flow of a river reaches the forebay after running in 

a path to the diverted point, and then enters into the SHPP structure via penstock pipes. 

Daily regulation of the water volume in the head pond is used to get maximum power 



from the SHPP during peak hours. The amount of energy generated during different daily 

hours and/or different seasons of the year are the most important issues worthy of study in 

the run-off river SHPP studies. In other words, calculating the optimal installation 

capacity (optimal designed flow) is one of the most important factors in planning SHPPs. 

The main objective of the study is to know the maximum hydropower energy 

which can be generated from the given daily,IO-daily or monthly flows. 

The approach to the study is in the sequence of 

➢ Study of project as run-off the river scheme without poundage. 

➢ Estimation of average areal rainfall over a basin. 

➢ Development of rainfall runoff relationship and estimation of runoff. 

➢ Estimation of energy potential by drawing flow duration curve. 

➢ Sizing of power plant capacity. 

➢ Economic performance evaluations 

VA 



Fig. 1.1 Schematic diagram of typical small hydropower plant 



1.2 SCOPE 

There are many reasons for the great interest in small hydro power. The potency 

of the arguments is relative to the type and scale of the benefits. The most important 

conditions to be considered by the investor / producer are stable incomes and a relatively 

high rate of return. These conditions. are fulfilled by adequate support mechanisms . From 

the environmental point of view, reducing CO2 is of great importance as well as helping 

preserve catchment areas. Very often, abandoned dams are restored and some micro 

retention objects are renewed, which improves the soil moisture conditions in the adjacent 

areas. SHP growth can be a valuable part of the so-called 'region sustainable. The main 

aim of this policy is to ensure supply of energy while protecting the environment and 

maintaining energy quality parameters at prices acceptable to the general public. SHP 

projects should not have to cover the overall cost of new dam construction and hydrologic 

equipment, as such financial burdens could cancel the economic efficiency of the entire 

project. Extra benefits' from SHP development can be achieved as a result of a synergy of 

efforts on the local, national . The adequate financial streams should be a part of this. 

1.3 ENERGY SCENARIO IN INDIA: 

Over the years the electricity supply in India has made significant progress. The installed 

capacity of the electricity supply undertakings (utilization) in the country over 50 years is 

increased from 1700 MW in 1950 to 112058.42 MW in March 2004 and electrification of 

more than 500,000 villages is impressive in absolute terms shown in Figure 1.2. Efforts 
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Figure 1.2 : Growth of Electric Power Generation 
6s 

The economy of India is expected to grow annually by 8 to 10 percent. Together with the 

improving living standard, results in exponential growth of demand for electricity. The 

currently available capacity of nearly 120 GW is not adequate to meet the present 

demand. The Indian government has therefore initiated the program `Power for all on 

demand by 2012'. The primary goal of the program is the addition of an extra 100 GW of 

capacity by 2012.   
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1.4 HISTORY AND DEVELOPMENT OF SMALL HYDROPOWER IN INDIA 

Indian history in small hydro developments is a century old, first hydro project of 

130 kW commissioned in the hills of Darjeeling in 1897 followed by Sivasamudram 

project of 4.5 MW in Mysore district of Karnataka. Estimated technical potential of small 

hydropower (Up to 25 MW) in India is about 15,000 MW out of which about 1509.0 MW 

has been achieved as on May 2003 . Small hydropower development is one of the thrust 

areas of power generation from renewable resources in the Ministry of Non-conventional 

Energy Sources. Runoff generated from melting of snow and glaciers of Himalayan 

region form a source of numerous streams. Due to steep slopes, all such streams have 

potential sites for hydropower generation. If this potential is fully utilized, it will help in 

generating power from environmentally friendly Run-of-River hydropower stations. 

Small hydropower potential can provide a solution for energy problems in remote and 

hilly areas where the extension of grid system is comparatively uneconomical. Block 

diagram of development of small hydropower is shown-  in fig. 1.3. 
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Figure 1.3 : Development of Small Hydropower 

From the discussion it is apparent that in India, it is an opportune time that small 

hydropower should get a strategic thrust, as environment driven awareness has 

rediscovered ' small hydropower' as a principle renewable sources for sustainable 

development. Ministry of Non conventional Energy Sources encourages the development 

of SHP by giving subsidy at various stages of project implementation 

Hydroelectric project needs to co-relate a large data from various sources; eg. Geology, 

population, and other project related information such as assured water availability, 

constructional details, hydropower power capacity, and financial aspects. With the 

availability of multi-sensor satellite data at very high spatial, spectral and temporal 
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resolutions, it is now possible to prepare up-to-date and accurate land use/ land cover map 

and to extract latest information in less time, at lower cost and with better accuracy. The 

information from satellite data interpretation and other descriptive data can be merged 

into GIS, thus generating a unique database for hydropower project to accelerate the 

development. 

1.5 ADVANTAGES OF SMALL HYDROPOWER 

1. Efficient energy source 

It only takes a small amount of flow (as little as two gallons per minute) or a drop 

as low as two feet to generate electricity with micro hydro. Electricity can be 

delivered as far as. a mile away to the location where it is being used. 

2. Reliable electricity source 

Hydro produces a continuous supply of electrical energy in comparison to other 

small-scale renewable technologies. The peak energy season is during the winter 

months when large quantities of electricity are required. 

3. No reservoir required 

Microhydro is considered to function as a `run-of-river' system, meaning that the 

water passing through the generator is directed back into the stream with relatively 

little impact on the surrounding ecology. 

4. Cost effective energy solution 

Building a small-scale hydro-power system can cost from $1,000 - $20,000, 

depending on site electricity requirements and location. Maintenance fees are 

relatively small in comparison to other technologies. 



5. Power for developing countries 

Because of the low-cost versatility and longevity of micro hydro, developing 

countries can manufacture and implement the technology to help supply much 

needed electricity to small communities and villages. 

6. Integrate with the local power grid 

If your site produces a large amount of excess energy, some power companies will 

buy back your electricity overflow. You also have the ability to supplement your 

level of micro power with intake from the power grid. 

1.6 DISADVANTAGES OF SMALL HYDROPOWER 

1. Suitable site characteristics required 

In order to take full advantage of the electrical potential of small streams, a suitable 

site is needed. Factors to consider are: distance from the power source to the location 

where energy is required, stream size (including flow rate, output and drop), and a 

balance of system components — inverter, batteries, controller, transmission line and 

pipelines. 

2. Energy expansion not possible 

The size and flow of small streams may restrict future site expansion as the power 

demand increases. 

3. Low-power in the summer months 

In many locations stream size will fluctuate seasonally. During the summer months 

there will likely be less flow and therefore less power output. Advanced planning and 

research will be needed to ensure adequate energy requirements are met. 

4. Environmental impact 

The ecological impact of small-scale hydro is minimal; however the low-level 
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environmental effects must be taken into consideration before construction begins. 

Stream water will be diverted away from a portion of the stream, and proper caution 

must be exercised to ensure there will be no damaging impact on the local ecology or 

civil infrastructure. 

1.7 TECHNICAL BACKGROUND 

1.7.1 Types of Hydropower Plants 

There are three types of hydropower facilities: impoundment, diversion, and 

pumped storage. Some hydropower plants use dams and some do not. The 

images below show both types of hydropower plants. 

Impoundment: 

The most common type of hydroelectric power plant is an impoundment (shown 

in plate no. 1.1)facility. An impoundment facility, typically a large hydropower 

system, uses a dam to store river water in a reservoir. Water released from the 

reservoir flows through a turbine, spinning it, which in turn activates a generator 

to produce electricity. The water may be released either to meet changing 

electricity needs or to maintain a constant reservoir level. 
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Plate 1.1 Impoundment type of hydropower plant 

Diversion: 

A diversion, sometimes called run-of-river, facility channels a portion of a river 

through a canal or penstock. It may not require the use of a dam. 

Plate 1.2 Diversion type of hydropower plant 
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Pumped Storage: 

When the demand for electricity is low, a pumped storage facility stores energy by 

pumping water from a lower reservoir to an upper reservoir. During periods of high 

electrical. demand, the water is released back to the lower reservoir to generate 

electricity. 

Plate 1.3 Pumped storage type of hydropower plant 

1.7.2 Size of Hydropower Plants 

Facilities range in size from large power plants that supply many consumers with 

electricity to small and micro plants that individuals operate for their own energy 

needs or to sell power to utilities. 

Large hydropower 

Although definitions vary, we define large hydropower as facilities that have a 

capacity of more than 50 MW. 
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Medium 

HydropowerAlthough definitions vary, we define medium hydropower as facilities 

that have a capacity of 10 MW to 50 MW. 

Small hydropower 

Although definitions vary, we define small hydropower as facilities that have a 

capacity of below 10 MW. 

1.7.3 Parts Of A Hydroelectric Plant 

Most conventional hydroelectric plants include four major components 

Dam 

Raises the water level of the river to create falling water. Also controls the flow 

of water. The reservoir that is formed is, in effect, stored energy. 

Turbine 

The force of falling water pushing against the turbine's blades causes the turbine to 

spin. A water turbine is much like a windmill, except the energy is provided by 

falling water instead of wind. The turbine converts the kinetic energy of falling water 

into mechanical energy. 

Generator 

Connected to the turbine by shafts and possibly gears so when the turbine spins it 

causes the generator to spin also converts the mechanical energy from the turbine 



into electric energy. Generators in hydropower plants work just like the generators in 

other types of power plants. Transmission lines conduct electricity from the 

hydropower plant to homes and business. 

1.7.4 Turbine Technology 

Many types of turbine have been developed over the centuries. The 

water wheel (in one of its forms) is the ancestor of the modern turbine and is still 

used today to produce electricity. 

Turbines can be split into four main groupings (although they do of course overlap 

and experts may disagree on where one group starts and ends). 

These are 

1. High head - above 100 m 

Turbine types are - Pelton, Turgo, High head Francis. 

2. Medium Head - 20m to 100m 

Turbine types are - Francis, Cross Flow. 

3. Low Head - 5m to 20m 

Turbine types are - Cross Flow, Propeller, Kaplan. 

4. Ultra Low Head - below 5m 

Turbine types are - Propeller, Kaplan, Water wheel 

14 



The most common types of turbine are listed .although variations on each type are 

produced. 

All types except the simple propeller turbine can be fitted with mechanisms to 

enable the turbines to work at varying water flows without too great a loss of 

efficiency. 

Turbines are usually tailor made for a particular site and it is down to the skill of the 

engineer to choose the most effective machine for a site - taking into consideration 

cost, variations in head, variations in flow, water quality, reliability. 



CHAPTER 2 

CASE STUDY 

2.1 PREAMBLE 

Kadinane mini hyedal scheme-2 is proposed across an unnamed as Balekallu hole 

(since it originates from a mountain called Balekallu), a tributary to this downstream 

reaches' west flowing river . Yettina hole, which is also called Kemp hole and Gundia 

hole in its downstream reaches . Kemp hole is in turn a tributary to the river Kuniardhara 

which joins the river Nethravati which joins the river Nethravati near uppingadi .this 

stream originates from the high. peaks (el+1279m) of a mountain named as Balekallu 

about 4.5 km north-west Kadinane estate in Sakaleshpura Taluk of Hassan district, in 

Karnataka state the flows for about 15 km almost south-south west before joining Kemp 

hole. The stream has very steep slope in its entire reach with series of rapids and falls. 

The stream drops by about 140m in a stretch of about 140m in stretch of about 3.00km 

near its confluence with Kenzphole near Bagalore-Mangalore national highway no.48. the 

stream has good power potential in stretch. 

2.2 LOCATION 

The scheme comprises of a diversion weir on the stream, Balekallu hole. The 

diversion weir is proposed to be constructed about 28.50 km from Sakaleshpura in 

Hassan district. The national highway 48 runs close to weir site, at distance of about 3 km 

away. The nearest village is Mar•anhalli, which is on the national highway no.48 about 

14.50 km from the proposed power house. Longitude and latitude of the weir site are 750 
 

38' 58" and 12°51'39". 
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2.3 HYDROLOGY 

2.3.1 Catchment 

The catchment area up to the proposed weir is 43.92 sq km (given in Fig. No. 2.1). 

The terrain in general, is steeply sloping, made up of gravelly soil with rocky 

outcrops and generally covered with dense forest or coffee and tea plantations. The 

overburden mantle is thin and gravelly. The map showing catchment boundary is 

enclosed as annexure 

2.3.2 Rainfall 

The catclunent receives the heavy rainfall during monsoon. The monsoon period is 

usually from second half of May to first half of October. Occasional rains are 

experienced during April and November. The annual rainfall varies from 5230 mm to 

8324 mm. The average annual rainfall is 6649.00 mm. 

The daily rainfall data have been collected from the following rain gauge stations for 

the period ranging from 1988 to -2003. The five rain gauge stations are 1) KDM 

Division 2) MG Division 3) MH Division 4) KT Division) VG Division. These rain 

gauges are spread over the estate area, with 1 km to 2 km distance between each. for 

the purpose of further computations the average of these five stations is considered. 

Maranhalli rain gauge station is just about 4 km from the river gauging point and is 

the nearest rain gauge station maintained by state government it is also verified and 

confirmed. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 AVAILABLE DATA 

We have the 16 years of point rainfall data of Kadmane catchment (for which we 

have to plan optimal installed capacity hydropower capacity) at different stations (given 

in appendix A)having area about 43.92 sq.km.. There are five stations inside the 

catchment. Another catchment Maranhalli having data of runoff for 1976-1995 and 

rainfall for 1988-2003 out of this data the useful data is of only 8 years from 1988 to 1995 

given in appendix A. Besides these we have some hydrologic information of kadmane 

catchment for this information refer chapter no. 2. 

These are the following methods used in the project planning. 

3.2 ESTIMATION OF AVERAGE RAINFALL 

Different methods of estimation of rainfall 

To convert the point rainfall values at various stations into an average value over a 

catchment's the following three methods are in use 

1. Arithmetical mean method 

2. Thiessen polygon method 

3. Isohyetal method 
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Out oitliese methods we used the Thiessen polygon method in our project the 

detailed description of these method is below. 

3.2.1 Thissen Polygon Method 

In this method the rainfall recorded at each station is given a weightage on 

the basis 	of an 	area closest to the station the procedure of determining the 

weightage area is as follows consider a catchment area as shown in fig 3.1 

containing three reengages station there are three stations outside the catchment but 

in its neighbourhood the catchment's area is drawn to scale and position of the six 

stations marked on it . Stations 1 to 6 are joined to form a network of triangles. 

Perpendicular bisectors for each of the sides of the triangle are drawn. These 

bisectors form a polygon around each station . 

the boundary of the catchment if it cuts the bisector is taken as the outer limit of 

the polygon . thus for a station I the bounding polygon is abcd for station 2 kade 

is taken as bounding polygon . These bounding polygons are called thissen 

polygon . the areas of these six thissen polygons are determined either with 

planitnetre or by using an overlay grid. If P[  P2, 	P6 are the rainfall 

magnitudes recorded by the stations 1,2 ...........6 resp. areas of the thissen 

polygons , then the average rainfall over the catchment P is given by 

P i  A, +P7 A- +.....................+P6 A6  

P= 

(Ai +A?+ .....................+A6) 
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The thissen polygon method of calculating the average precipitation over an 

area is superior than arithmetic-average method. 

Fig 3.1 Thissen polygon 

3.3 COMPUTATION OF RUNOFF 

Due to the lack of some hydrologic information and availability of nearby site 

catchment data of rainfall and runoff we used regression analysis. 

3.3.1 Regression analysis 

After having established the fact to variables are correlated we may be interested 

in estimating or predicting the value of one of variables given the knowledge of 

other for example, if we know the annual rainfall on basin we may like to know the 

corresponding annual runoff from the basin. Regression analysis tries to find out the 

average relationship between the variables. It refers the method by which estimates 

are made of the values of one or other more variables. Correlation is merely a tool of 

ascertaining the degree of linear dependence or the degree of association between 
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the variables is the cause and other variable is the effect. In the regression analysis, 

however, one variable is taken as the dependent variable and the other the dependent 

and the . independent variables thus making it possible to cause and effect 

relationship 

Single linear relation 

Linear regression lies are fitted between the variables based on the observed if it is 

felt that the relation between the variable is linear. Let x be the independent variable 

and y be the dependent variables. We would like to obtain an expression to the 

dependent variable y as linear function of the independent variable x. we assume 

relationship between y and x as 

y=a+bx 

3.4 ENERGY POTENTIAL OF A SITE 

Anonymous June (2008) The owner of a potential hydro site may ask the question 'how 

much power will my site produce?' The question should really be 'how much energy 

will my site produce?' since it is energy that we buy from or sell to the electricity 

supplier. Energy is a measure of the length of time we have used or produced a given 

amount of power. Thus a site on a river with a very variable flow may not have the 

potential to produce as much energy as a site on a river with a lower peak flow but a 

higher mean flow. The hydrologist can produce a 'flow duration curve' for a river by 

studying the recorded water flows (preferably the recorded flows for a number of 

years). This flow duration curve is a means of showing the probability in a graphical 

form of how many days in a year a particular flow will be exceeded. 
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The vertical axis of the flow duration curve' shows the flow, the horizontal axis days (or 

% of time). 

M 

3.4 FLOW DURATION CURVE 

What is it? 

The flow duration curve is a plot that shows the percentage of time that flow in a 

stream is likely to equal or exceed some specified value of interest. For example, it can 

be used to show the percentage of time river flow can be expected to exceed a design 

flow of some specified value (e.g., 20 cfs), or to show the discharge of the stream that 

occurs or is exceeded some percent of the time (e.g., 80% of the time). 

There are two methods of flow duration curve 

o Method of ranking 

o Method of class-interval 

We used the method of ranking for our study the detail method is given below. 

How is it calculated? 

The basic time unit used in preparing a flow-duration curve will greatly affect its 

appearance. For most studies, mean daily discharges are used. These will give a steep 

curve. When the mean flow over a long period is used (such as mean monthly flow), 

the resulting curve will be flatter due to averaging of short-term peaks with intervening 

-smaller flows during a month. Extreme values are averaged out more and more, as the 

time period gets larger (e.g., for a flow duration curve based on annual flows at a long-

record station). 
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Step 1: Sort (rank) average daily discharges for period of record from the largest value 

to the smallest value, involving a total of n values. 

Step 2: Assign each discharge value a rank (M), starting with I for the largest daily 

discharge value. 

Step 3: Calculate exceedence probability (P) as follows: 

P= 100j4 [M/(n+l)J 

P = the probability that a given flow will be equaled or exceeded (% of time) 

M = the ranked position on the listing (dimensionless) 

n = the number of events for period of record (dimensionless) 

Use of flow duration curve in hydropower 

The flow duration curve is highly useful in the planning and design of water 

resourses projects. In particular, for hydropower studies , the flow duration curve serves 

to determine the potential for firm power generation. In the case of run-of river plant , 

with no storage facilities, the firm power is usually computed on the basis of the flow 

available 90 to 97 percent of the time . the firm power is also known as primary power 

secondary power is the power generated at the plant utilizing water other than that used 

for the generation of firm power. 

What does this particular information tell you about your stream? 

A flow duration curve characterizes the ability of the basin to provide flows of various 

magnitudes. Information concerning the relative amount of time that flows past a site 

are likely to equal or exceed a specified value of interest is extremely useful for the 



design of structures on a stream. For example, a structure can be designed to perform 

well within some range of flows, such as flows that occur between 20 and 80% of the 

time (or some other selected interval). 

Flow duration curve is shown in fig 3.2 showing the firm energy, secondary energy 

and dump energy. the formulae are given below. 

If the installed power plant is considered as 15% of exceedence flow then. 

Firm energy= [9.8 x Q,00  x HQ  x e x no.of.hrs] 

Secondary energY= 	x (Qso — {9.8 	Q ) H x r(1 + 0.51 x e x no.of .hrs} ioo x Q L 	J 

Dump energy= {9.8 x (Q15 — Q50) x HQ  x [(0.15 + 0.54'] x e x no.of .hrs} 

Total energy= Firm energy+ Secondary energy+ Dump energy 

15•!1 	 50% 	 Tco"•J, 

> 
FLOW CuQt7 MLCOVE 

Fig 

3.2 Flow duration curve 
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3.5 ESTIMATION OF HYDROPOWER POTENTIAL 

The amount of power generated over a time or energy, is expressed in kilowatt-

hour (KWh),It can be computed as 

P=9.817*Q, *Hat **e 

Et=9 817*Qt*Hat*ht*e 

where, Et= energy in KWh 

P= Power in KW 

Qt  = outflow in m3/sec, 

Hat  = net head in m, 

ht  = time in hour 

and e = efficiency. 

For hydropower project, the energy produced is proportional to the product of 

outflow and its associated head. So both outflow/release and are the decision variable 

for a given reservoir capacity in storage project where as head is constant in run-off-

river scheme. Their optimum combination have to be found out to get a maximum 

power generation but subjected to some constraints as maximum reservoir and storage 

and turbine discharge etc. 

Firm power is the maximum quantity of power that can be guaranteed to be 

delivered 100% of time according to some prescribed distribution. Following two 

methods are used to estimate the hydropower potential at a given site. 
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3.6 DETERMINATION OF THE OPTIMAL INSTALLATION CAPACITY 

To determine the optimal installation capacity of SHPPs all technical, economic 

and reliability indices are considered in a trade-off relation. Using this approach, the 

amount of annual energy is determined by using categorized statistics of the flow 

duration curve in different months. Then, after specifying the income and costs of the 

plant. the economic indices of different alternatives are extracted. The reliability 

indices are then calculated and ultimately, through comparison of the technical, 

economic and reliability indices, a superior alternative can be selected, determining the 

optimal installation capacity. This method of calculating the technical, economic and 

reliability indices. 

3.6.1 Graphical method of optimization 

This method shows the curve between annual benefit vs. annual cost It is 

used for deciding the optimal size of the hydropower plant. Draw a curve between 

annual cost and annual benefit as shown in fig 3.3. below. Then draw a line at 450  

from the point of origin now draw the tangent to benefit-cost curve parallel to 450  
D 

line the max difference between these two lines gives the max net benefit this is the 

point of optimum installed capacity. 
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BENEFIT n flt 

ANNUAL COST 

Fig 3.3 Benefit cost curve 
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3.7 ECONOMIC ANALYSIS: 

The economic analysis of the project has been clone assuming that the project will be run for 

at least l6yeacs alter its commissioning. As the costs and benefits are non linear, so to compare the 

costs and benefit, a single value at zero time (2007) is required. There are different discounting 

techniques to reach at a single value. I-Jere two methods have been applied as ender, i.e., annual 

cost method and present worth 

3.7.1 Methods of Economic Evaluation 

(l.) Benefit cost ratio method 

(2.) Present worth of costs and benefits method. 

(3.) [nternal rate of return method 

(4.) Annual cost method 

Each method has its own merits and demerits. The applicability of the method 

depends on the available and on the choice of the individual. However, in case of 

water resource projects, benefits-cost ratio method has wide acceptability and the 

same has been applied in this study 

3.7.1.1 Benefit Cost Ratio method 

Annual cost: 

Annual cost of any project consists of annual interest plus annual 

depreciation plus annual 0 &M cost. 

A,= annual interest+ annual depreciation+ annual 0 &M cost. 



A= i,''`   	x  K + 13 KK 
(1+i,)" —1 

i= interest % 

K= capital cost 

1- annual interest . 2- depreciation 3- 0 & M 

Annual benefit: 

Anticipated gross annual revenue 

Benefit Cost Ratio: 

B-C ratio 	= Annual benefit / Annual cost 

3.7.1.2 Present worth of costs and benefits method 

In this method, present worth of total costs and of total benefits is calculated 

at zero year 2007. 

1. Present worth of construction cost 

(P/F, i%, n) 	or 	Ct=F/(1 +i)" 

2. Present worth of O&M 

3. Present worth of Depreciation 

Total cost (1+2+3) 



Total benefits Pwb 

n 	 , 

B, (P/F, i%, n) 	or 	B1 F/(l+i)" 
r=1 

B-C ratio 	= Pwb / Pwc 

3.7.1.3 Internal rate of return method: 

In this method, we calculate rate of return with zero benefit. 

Pwb = Pwc 

By trial and error value of i =% 

3.7.1.4 Annual cost method: 

In this method, uniform annual cost and annual benefits are computed and benefit cost ratio 

is calculated. 

A,= annual interest+ annual depreciation+ annual 0 &M cost. 

AC= iI*  I{+ 	i, 	x K + i3*k 
(l +i,)' —1 

The B=C ratio of the project in both the methods should be more than unity and 

internal rate of return is also more than expected annual net return. Then and only 

then the project is financially viable and is recommended for implementation 
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3.9 FINANCIAL ANALYSIS 

3.9.1 Cost of Power Generation. 

(a) Interest rate: simple interest rate of 9 % has been taken. 

(b) Depreciation charge: Average rate depreciation has been taken as 5 %. 

(c) 0 & M charges: Flat rate of 1% has been adapted. 

1. Working expense per year @ 2.6 % of the capital cost 

2. Interest charges @ 9 % on the capital cost 

Cost of generation per unit 

3.9.2 Tariff or Sale Charge: 

Normally the sale charges are fixed taking into account, a minimum return of 

10% on the capital cost, which is worked out as under: 

(i) The capital cost 

(ii) Total capitalized cost 

(Total capital cost + Interest during construction) 

(iii) Annual capitalized cost (9% of capitalized cost) 

(iv) Expected annual net return (10% of capital cost) 

(v) Sale rate to ensure annual return 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 COMPUTATION OF AVERAGE RAINFALL 

In this project, in order to determine the AAR from five different meteorological 

stations the thiesson polygon method is applied. We have 16 years of point rainfall data. 

This data is converted into average rainfall data using thiesson polygon method. Thiesson 

polygon pattern of Kadmane catchment is shown in fig 4.1 

Fig.4.1 Thiessen Polygon Pattern Of Kadmane Catchment 
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The sample calculations are: 

Pl Al +P2 A2  +......................+P A 

P= 

(Al +A2 + .....................+An) 

P1=12.60 	p2= 12 	p3= 11 	p4= 10 	p5=11.52 

A1= 39 	A2= 10.43 A3= 7.57 	A4= 20.27 A5=2.66 

P-Precipitation 

A-Area 

((12.60 *39)+( 12* 10.43)+( 11*  7.57)+( 10*20.27)+(11.52*2.66)) 

P= 	--------------------------------------------------------------------------------- 

(39+10.43+7.57+20.47+2.66) 

P= 	11.67488 mm 

The detail calculation part is given in Appendix B 

Some of the figures of rainfall given below. 

The max annual rainfall = 8255.801 mm 

The min annual rainfall = 5077.219mm 

The average annual rainfall = 6582.022mm 

The max daily rainfall = 327.9895 mm 
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The min daily rainfall = 0.0 nun 

The average daily rainfall = 18.03294 mm 

There is no rainfall from December to March and receives the heavy rainfall during June 

to September, for rest of months occasional rainfall occurred. 

4.2 ESTIMATION OF RUNOFF 

Runoff is estimated using the regression analysis. The nearby catchment Maranhalli 

rainfall-runoff data (about 7-8 years from 1988 to 19994-95) was available so we 

made simple linear relationship between these two parameters for particular months 

(from June to November) for the sample the simple linear. relationship between 

rainfall and runoff of June month is given in Fig. 4.2 and remaining all given in 

appendix C and for rest of the months used the exponential trend. It is used for 

estimation of runoff for the Kadmane catchment. Kadmane catchment average 

rainfall data is already calculated so one parameter rainfall we know and calculated 

the other (runoff) using the linear relationship.. The ace. Rainfall and runoff values 

of june month are given in Table 4.1 
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Table 4.1 Estimation of accumulated rainfall and runoff 

col(5)=8.674699* col(4) 
1 2 3 4 5 

Date Jun Jun Jun Juts Jun 

Rainfall Ace 
rainfall 

Runoff 
cucnec 

acc 
runofi(cumec) ace runoff(mm) 

1 0.00 0 0.14 0.14 1.21445786 
2 0.00 0.00 0.02 0.16 1.38795184 
3 0.00 0.00 0.02 0.18 1.56144582 
4 0.00 0.00 0.02 0.2 1.7349398 
5 0.00 0.00 0.02 0.22 1.90843378 
6 0.00 0.00 0.02 0.24 2.08192776 
7 8.35 8.35 0.02 0.26 2.25542174 
8 8.55 16.90 0.03 0.29 2.51566271 
9 4.37 21.27 0.04 0.33 2.86265067 
10 18.29 39.56 0.04 0.37 3.20963863 
11 10.74 50.30 0.05 0.42 3.64337358 
12 3.98 54.28 0.06 0.48 4.16385552 
13 6.36 60.64 0.09 0.57 4.94457843 
14 20.28 80.92 0.11 0.68 5.89879532 
15 19.89 100.81 0.11 0.79 6.85301221 
16 12.73 113.54 0.11 0.9 7.8072291 
17 5.97 119.51 0.12 1.02 8.84819298 
18 10.74 130.25 0.14 1.16 10.06265084 
19 0.00 130.25 0.14 1.3 11.2771087 
20 0.00 130.25 0.14 1.44 12.49156656 
21 0.00 130.25 0.17 1.61 13.96626539 
22 7.95 138.20 0.22 1.83 15.87469917 
23 19.89 158.09 0.22 2.05 17.78313295 
24 40.17 198.26 0.22 2.27 19.69156673 
25 29.03 227.29 0.2 2.47 21.42650653 
26 11.93 239.22 0.16 2.63 22.81445837 
27 0.80 240.02 0.15 2.78 24.11566322 
28 0.80 240.82 0.14 2.92 25.33012108 
29 6.16 246.98 0.14 3.06 26.54457894 
30 0.00 246.98 0.13 3.19 27.67228981 
1 21.08 268.06 0.06 3.25 28.19277175 
2 42.16 310.22 0.08 3.33 28.88674767 
3 0.00 310.22. 0.08 3.41 29.58072359 
4 11.53 321.75 0.07 3.48 30.18795252 
5 0.00 321.75 0.14 3.62 31.40241038 
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6 2.78 324.53 0.28 3.9 33.8313261 
7 21.08 345.61 0.31 4.21 36.52048279 
8 12.73 358.34 0.97 5.18 44.93494082 
9 67.61 425.95 1.67 6.85 59.42168815 
10 22.27 448.22 1.51 8.36 72.52048364 
11 30.62 - 478.84 1.47 9.83 85.27229117 
12 52.90 531.74 1.83 11.66 101.1469903 
13 107.38 639.12 1.95 13.61 118.0626534 
14 21.08 660.20 1.67 15.28 132.5494007 
15 14.32 674.52 1.55 16.83 145.9951842 
16 29.83 704.35 1.38 18.21 157.9662688 
1.7 15.51 719.86 1.29 19.5 169.1566305 
18 38.18 758.04 1.25 20.75 180.0000043 
19 17.10 775.14 1.17 21.92 190.1494021 
20 0.80 775.94 1.22 23.14 200.7325349 
21 10.74 786.68 1.29 24.43 211.9228966 
22 68.41 855.09 1.29 25.72 223.1132583 
23 18.69 873.78 1.35 27.07 234.8241019 
24 2.39 876.17 1.44 28.51 247.3156685 
25 1.19 877.36 1.49 30 260.24097 
26 31.82 909.18 1.85 31.85 276.2891632 
27 20.68 929.86 2.29 34.14 296.1542239 
28 9.15 939.01. 1.95 36.09 313.0698869 
29 68.01 1007.02 1.69 37.78 327.7301282 
30 89.88 1096.90 1.56 39.34 341.2626587 
1 6.76 1103.66 0.1 39.44 342.1301286 
2 29.83 1133.49 0.1 39.54 342.9975985 
3 6.76 1140.25 0.1 39.64 343.8650684 
4 5.57 1145.82 0.1 39.74 344.7325383 
5 1.59 1147.41 0.09 39.83 345.5132612 
6 3.18 1150.59 0.09 39.92 346.2939841 
7 16.70 1167.29 0.09 40.01 347.074707 
8 1.99 1169.28 0.1 40.11 347.9421769 
9 1.99 1171.27 0.1 40.21 348.8096468 
10 8.75 1180.02 0.1 40.31 349.6771167 
11 14.32 1194.34 0.1 40.41 350.5445866 
12 24.26 1218.60 0.1 40.51 351.4120565 
13 36.99 1255.59 0.1 40.61 352.2795264 
14 2.78 1258.37 0.1 40.71 353.1469963 
15 6.76 1265.13 0.64 41.35 358.6988037 
16 17.10 1282.23 1.54 42.89 372.0578401 
17 36.59 1318.82 1.13 44.02 381.86025 
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18 139.20 1458.02 1.6 45.62 395.7397684 
19 39.77 1497.79 1.76 47.38 411.0072386 
20 56.87 1554.66 1.75 49.13 426.1879619 
21 1.59 1556.25 1.67 50.8 440.6747092 
22 19.09 1575.34 1.54 52.34 454.0337457 
23 26.25 1601.59 1.54 53.88 467.3927821 
24 12.33 1613.92 1.71 55.59 482.2265174 
25 3.98 1617.90 2 57.59 499.5759154 
26 35.79 1.653.69 2 59.59 516.9253134 
27 9.55 1663.24 2.41 .62 537.831338 
28 44.94 1708.18 3.09 65.09 564.6361579 
29 31.02 1739.20 3.09 68.18 591.4409778 
30 39.77 1778.97 3.09 71.27 618.2457977 
1 0.00 1778.97 0.05 71.32 618.6795327 
2 4.20 1783.17 0.07 71.39 619.2867616 
3 0.00 1783.17 0.09 71.48 620.0674845 
4 11.00 1794.17 0.25 71.73 622.2361593 
5 38.00 1832.17 0.28 72.01 624.665075 
6 21.00 1853.17 1.11 73.12 634.2939909 
7 90.00 1943.17 2.47 75.59 655.7204974 
8 87.20 2030:37 2.47 78.06 677.1470039 
9 120.00 2150.37 3.55 81.61 707.9421854 
10 74.00 2224.37 5.35 86.96 754.351825 
11 300.50 2524.87 4.29 91.25 791.5662838 
12 75.00 2599.87 2.3 93.55 811.5180915 
13 51.00 2650.87 2.03 95.58 829.1277304 
14 0.00 2650.87 1.75 97.33 844.3084537 
15 0.00 2650.87 1.75 99.08 859.4891769 
16 4.00 2654.87 1.75 100.83 874.6699002 
29 35.00 4547.27 3.01 184.14 1597.359074 
30 24.00 4571.27 2.85 186.99 1622.081966 
1 0.00 4571.27 1.6 188.59 1635.96148-4 
2 0.00 4571.27 1.6 190.19 1649.841003 
3 0.00 4571.27 1.68 191.87 1664.414497 
4 0.00 4571.27 1.9 193.77 1680.896425 
5 13.40 4584.67 2.03 195.8 1698.506064 
6 10.00 4594.67 2.1 197.9 1716.722932 
7 0.40 4595.07 2.1 200 1734.9398 
8 5.00 4600.07 2.12 202.12 1753.330162 
9 5.20 4605.27 2.17 204.29 1772.154259 

10 17.20 4622.47 2.22 206.51 1791.41209 
lI 20.60 4643.07 2.38 208.89 181-2.057874 
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12 61.00 4704.07 2.44 211.33 1833.22414 
13 35.00 4739.07 2.35 213.68 1853.609682 
14 46.00 4785.07 2.19 215.87 1872.607273 
15 65.40 4850.47 2.27 218.14 1892.29884 
16 75.80 4926.27 2.56 220.7 1914.506069 
17 90.60 5016.87 2.7 223.4 1937.927757 
18 70.60 5087.47 2.6 226 1960.481974 
19 15.20 5102.67 2.52 228.52 1982.342215 
20 40.40 5143.07 2.27 230.79 2002.033782 
21 7.20 5150.27 2.1 232.89 2020.25065 
22 5.00 5155.27 2.02 234.91 2037.773542 
23 0.00 5155.27 1.83 236.74 2053.648241 
24 0.00 5155.27 1.8 238.54 2069.262699 
25 3.00 5158.27 1.8 240.34 2084.877158 
26 1.00 5159.27 1.8 242.14 2100.491616 
27 12.00 5171.27 1.8 243.94 2116.106074 
28 4.40 5175.67 1.8 245.74 2131.720532 
29 12.20 5187.87 1.77 247.51 2147.074749 
30 8.20 5196.07 1.8 249.31 2162.689208 
1 0.00 5196.07 0.6 249.91 2167.894027 
2 10.00 5206.07 0.61 250.52 2173.185593 
3 22.40 5228.47 0.73 251.25® 2179.518124 
4 23.00 5251.47 0.95 252.2 2187.759088 
5 82.20 5333.67 1.54 253.74 2201.118124 
6 66.00 5399.67 2.04 255.78 2218.81451 
7 35.60 5435.27 2.19 257.97 2237.812101 
8 19.10 5454.37 2.43 260.4 2258.89162 
9 78.80 5533.17 2.73 263.13 2282.573548 
10 28.00. 5561.17 3.3 266.43 2311.200055 
11 59.-80 5620.97 3.94 270.37 2345.378369 
12 48.20 5669.17 4.04 274.41 2380.424153 
13 70.20 5739.37 4.92 279.33 2423.103672 
14 105.60 5844.97 5.24 284.57 2468.559094 
15 94.00 5938.97 5.89 290.46 2519.653072 
16 69.40 6008.37 4.89 295.35 2562.07235 
17 60.80 6069.17 4.24 299.59 2598.853073 
18 35.00 6104.17 3.33 302.92 2627.739821 
19 31.00 6135.17 2.79 305.71 2651.942231 
20 45.00 6180.17 2.81 308.52 2676.318135 
21 10.20 6190.37 2.43 310.95 2697.397654 
22 2.00 6192.37 2.6 313.55 2719.951871 
23 8.00 6200.37 3.25 316.8 2748.144643 
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24 28.00 6228.37 3.83 320.63 2781.36874 
25 40.60 6268.97 4.51 325.14 • 2820.491633 
26 47.20 6316.17 6.36 331.5 2875.662719 
27 60.60 6376.77 5.94 337.44. 2927.190431 
28 75.60 6452.37 8.62 346.06 3001.966336 
29 120.70 6573.07 12.83 358.89 3113.262724 
30 40.10 6613.17 13.01 371.9 3226.120558 
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Fig 4.2 Regression curve showing trend of june 

40 



The sample calculation are given below 

Rainfall(x) = l 0 

y=0.392x 

Runoff = 0.392x 

=0.392'"10 

Runoff = 3.92 mm 

The other calculation part is given in appendix C 

4.3 RANK ANALYSIS 

After estimation of daily runoff for 16 years the total value of annual runoff is 

calculated and is arranged in ascending order to determine the most (90%) dependable 

year.2002 is 88% dependable year and annual discharge is 4138.049 niin.details given in 

Table 4.2. 
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Table 4.2 Showing the dependable years.. 

year Flow (cumec) Flow acs order 
(culnec) year Rank  Probability 

1988 4851.409112 7006.643892 1997 1 5.88235294 

1989 _ 4250.509681 6791.033946 1998 2 11.7647059 

1990 5476.157837 .6341.19957 1994 3 17.6470588 

1991 4935.721519 5868.293589 1992 4 23.5294118 

1992 5868.293589 5476.157837 1990 5 29.4117647 

1993 4149.427194 5396.400619 2000 .6 35.2941176 

1994 6.341.19957 5255.547537 1995 7 41.1764706 

1995 5255.547537 5053.976094 2001 8 47.0588235 

1996 5011.791793 5011.791793 1996 9 52.9411765 

1997 7006.643892 4972.955435 1999 10 58.8235294 

1998 6791.033946 4935.721519 1991 11 64.7058824 

1999 4972.955435 4851.409112 1988 12 70.5882353 

2000 5396.400619 4250.509681 1989 13 76.4705882 

2001 5053.976094 4149.427194 1993 14 82.3529412 

2002 4138.04904 4138.049043 2002 15 88.235294 

2003 3832.979261 3832979261 2003 16 94.1176471 
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4.4 ESTIMATION OF HYDROPOWER POTENTIAL USING FLOW 

DURATION CURVE 

After deciding the 88% dependable year drawn the flow duration curve for the same 

year given in Fig.4.3, and using the -flow duration curve decided the max capacity at 

different exceed of flow given in table 4.3. 

Fig 4.3 Flow duration curve showing the most dependable year 2002 

Sample calculation: 

H,,t=120.46 m e=80% 

At 35% of excedence Q=1.389679 

P= 9.817'"Q,''`I-Iat*e 

P= 9.817* 1.389679-1120.46"0.8 

P= 1313.761 KW 
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E= P:r t  

I-I ai_I-lead (m) 	e-.Efficiency (%) Q-Discharge (cumec) P-Power (KW) 

E- Energy (KWh) t-Time (hr) 

Table 4.3 Showing the design discharge at different installed capacity. 

Sr..No. % time of flow 
exceeded 

Max/Design 
discharge 
Q(cumec) 

Max power 
P(MW) 

1 35 1.389679133 1.31376107 

2 30 2.449536333 2.31571836 

3 25 4.562990772 4.31371495 

4 20 7.450470341 7.04345174 

5 19 8.419352723 7.95940416 

6 18 9.053479165 8.55888832 

7 17 9.653745668 9.12636231 

8 16 11.87658091 11.2277642 

9 15 12.67604391 11.9835526 

10 14 13.31118075 12.583992 

11 13 13.45070851 12.7158974 

12 12 14.75287223 13.946924 

13 11 15.30252876 14.4665528 

14 10 16.56976508 15.6645601 

15 5 31.52634499 29.8040633 

The above table value tells us that if hydropower plant is installed at 35% then 

1.31 MW is the max power we can produced daily or only, up to 1.38 cumec flow is 

utilized for energy production. Accordingly for 30. 25.....the detailed calculation part is 

given in appendix D 



After deciding the max capacity for 88% dependable year (2002) estimated the 

daily energy. firm energy, secondary energy, dump energy and total energy for each 

year. Note that as if we decided the installed capacity 35 or 30 or 25 or 20 or 25 the 

design discharge will be same for all other years what we planned for most dependable 

year(2002) The average total annual energy produced for cliff capacity is given in Table 

4.4. The detailed is given in appendix E 

Table 4.4 Showing the average annual energy at different installed capacity 

Sr. no % time of flow exceeded Average annual energy (MWh) 

1 35 7747.78829 

2 30 11468.2617 

3 25 17111.0657 

4 20 23304.3272 

5 19 25371.4005 

6 18 26473.7636 

7 17 27437.1728 

8 16 30937.4272 

9 15 31468.2735 

10 14 32372.7528 

11 13 32555.0808 

12 12 34163.2244 

13 11 34797.7833 

14 10 35867.4198 

15 5 47224.4756 
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4.5 ECONOMIC EVALUATION 

For deciding the optimal size of hydropower plant economic evaluation is an essential 

part of project. While doing the economic evaluation some assumptions are made given 

in material and method chapter. According to that assumption the sample calculation 

ivade below. 

Sample calculation 

For 35% installed capacity 

Cos/ 

Max daily capacity/ max daily power generation capacity 

The capital cost 

The total capital cost (considering interest on phasing cost ) 

= 1.313761 MW 

= 1313.761 KW 

= 50,000* 1313.761 

= 65688053.7 Rs. 

= 74821978 Rs. 

Now after considering the interest, depreciation, taxes, working expenses the annual 

generation cost will be 

The average annual energy generation cost 

= annual interest + annual depreciation + maintenance + working expenses + taxes 

=(0.009*74821978)+(0.005 *74821978)+(0.001 *74821978)+(0.0026*74821978)+(0.000 

5''`74821978) 

= 10781847 Rs. 



Total cost of generation = 10781847* 16 

= 172509551 Rs. 

Benefit 

Annual average energy production = 7747.788 MWh 

= 7747788 KWh 

As we considered value of energy 2.9/KWh and 2% annual increase 

Now the total benefit = 365039523 Rs. 

Average animal benefit 	= 365039523/16 

= 22814970 Rs. 

BC Ratio 	 = 22814970/10781847 

= 2.11 

Plant factor - 	 = Peak generation/Average generation 

= (1313.761074/884.450718)* 1.00 

= 67.32% 
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4.6 GRAPHICAL METHOD OF OPTIMIZATION 

Method is used to fix the optimal_ size of hydropower plant. 

4.6.1 Benefit Cost Curve Method 

Table 4.5 Annual cost annual benefit at different. capacity 

Sr. No. 
% time of 

flow 
exceeded 

Airnual cost 
(Rs) 

Annual benefit 
(Rs) 

Annual net 
benefit (Rs) 

1 35 7684033 22766172 15082138 

2 30 13544363 33698445 20154081 

3 25 25230410 50279311 25048901 

4 20 41196318 68477647 27281329 

5 1.9 4:1.76309? 72641)464 27877372 

6 18 48134546 74860480 26725934 

7 17 513.25977 76800661 25474684 

8 16 63144104 83849719 20705615 

9 15 70090385 92466661 22376276 

10 14 73602284 95124391 21522107 

11 13 74373783 95660146 21286363 

12 12 81573913 1E+08 18811617 

13 11 84613160 1.02E+08 17636963 

14 10 91620164 1.05E+08 13772989 

15 5 1.74E+08 1.39E+08 -3.6E+07 

After estimation annual cost and annual benefit shown in table no 4.5 plotted the 

curve between the annual cost and annual benefit at different capacity shown in Fig 4.4 



13 11 84613160 1.02E+08 17636963 

14 10 91620164 1.05E+08 13772989 

15 5 1.74E+08 1.39E+08 -3.6E+07 

After estimation annual cost and annual benefit shown in table no 4.5 plotted the 

curve between the annual cost and annual benefit at different capacity shown in- Fig 4.4 
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Annual cost (Rs.) 

Fig 4.4 : Benefit-cost curve 

The above Fig shows that the max net benefit i.e optimal installed capacity should be 

(for annual cost of Rs.44763092) 19%. So for 19% installed capacity Design discharge is 

8.42 cumec and...... 

Annual energy production 	= 25371.4 MWh 

Annual net benefit 	 = 27877372 Rs. 
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The total net benefit 	= 446037957 Rs. 

BC Ratio 	 = 2.11 

Plant factor 	 = 36.38% 

Average generation cost/KWh = 1.77 Rs. / KWh 

Average selling cost/KWh 	= 2.9 Rs. /KWh 

Alternate Method For Optimization 

4.6.2 Marginal Analysis 

This methods tells us how increase in the input affects the output values i.e the ternd of 

input and output. the values of input(installed capacity) and output(annual energy 

generation) given in Table no. 4.6 and graph showing the trend given in Fig. No. 4.5 

Ace. Incremental installed capacity and energy. 

JJ o ime/ 
cif flow 
exceed 

Installed 
. capacity 
P(MW) 

Incremental 
capacity 

Annual 
energy 

generation 
MWh 

Incremental 
energy 

Ace. 
Incremental 
energy 

1.313761 7747.788 

2.315718 1.001957 1.001957 11468.26 3720.473 3720.473 

4.313715 1.997997 2.999954 17111.07 5642.804 9363.277 

7.043452 2.729737 5.729691 23304.33 6193.261 15556.54 

7.959404 0.915952 6.645643 25371.4 2067.073 17623.61 

8.558888 0.599484 7.245127 26473.76 1102.363 18725.98 

9.126362 0.567474 7.812601 27437.17 963.4092 19689.38 

11.22776 2.101402 9.914003 30937.43 3500.254 23189.64 

11.98355 

12.58399 

0.755788 

0.600439 

10.66979 

11.27023 

31468.27 

32372.75 

530.8463 

904.4793 

23720.49 

24624.96 
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Fig 4.5 : Marginal curve 

From th above graph it is clear that the optimal installed capacity should be 13  
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The study is carried out for fixing the optimal size of small run-of river hydropower 

plant. For the planning of project the data available to us is 

1. Point rainfall data for the Kadmane catchment 

2. Rainfall-runoff data for Maranhalli catchment 

3. Catchment characteristics 

Using Thiessen polygon method the daily point rainfall data was converted into -the 

average rainfall. Estimation of average rainfall values shows that there is no rainfall from 

December to March and receives the heavy rainfall during June to September, for rest of 

the months occasional rainfall occurred. 

Some of the bold figures of rainfall given below. 

The max annual rainfall = 8255.801 mm 

The min annual rainfall = 5077.219nim 

The average annual rainfall = 6582.022mni 

The max daily rainfall = 327.9895 mm 

The min daily rainfall = 0.0 mm 

The average daily rainfall = 18.03294 mm 
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Then from daily rainfall at Maranhalli and corresponding runoff , rainfall-runoff 

relation were developed. This was used for estimating the runoff at Kadmane site. From 

this The daily average runoff obtained was 14.26, the average annual runoff was 

5208.25, The max annual runoff was 7006.6438 and the minimum annual runoff was 

3892.9792 cumecs respectively and for 90% (88.23%) dependable year it was 4138.04 

cumecs 

From rank analysis the year 2002 was the 90% dependable year. For this year the daily 

flow duration curve was estimated then the design discharges at different % exceeclences 

were determined and installed capacities were analyzed. The values were given in table 

5.1. 
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Table 5.1 Showing the design discharge at different installed capacity. 

Sr.No. %) time of flow 
exceeded 

Max/Design 
discharge 
Q(cumecs) 

Max power 
P(MW) 

1 35 1.389679133 1.31376107 

2 30 2.449536333 2.31571836 

3 25 4.562990772 4.31371495 

4 20 7.450470341 7.04345174 

5 19 8.419352723 7.95940416 

6 18 9.053479165 8.55888832 

7 17 9.653745668 9.12636231 

8 16 11.87658091 11.2277642 

9 15 12.67604391 11.9835526 

10 14 13.31118075 12.583992 

1 1 13 13.45070851 12.7158974 

12 12 14.75287223 13.946924 

13 11 15.30252876 14.4665528 

14 10 16.56976508 15.6645601 

15 5 31.52634499 29.8040633 

The daily energy was calculated for all the 16 years for diff capacity. 

The average annual energy production at different capacity given in Table 5.2 
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Table 5.2 Showing the average annual energy at different % exceedences 

Sr. no % time of flow exceeded Average annual energy (MWli) 

1 35 7747.79 

2 30 11468.26 

3 25 17111.07 

4 20 23304.33 

5 19 25371.40 

6 18 26473.76 

7 17 2743 7.17 

8 16 30937.43 

9 15 31468.27 

10 14 32372.75 

11 13 32555.08 

12 12 34163.22 

13 11 34797.78 

14 10 35867.42 

15 5 47224.48 

Finally the economic evaluation was carried out. For economic evaluation the 

annual cost (for power generation) and annual benefit - (benefit obtained from energy 

production) were determined. The cost was 1.77 Rs. / KWhr, and the selling value was 

Rs. 2.9 /KWhr respectively. 
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Table 5.3 Annual cost annual benefit at different % exceedences 

Sr. no 

% time of 
flow 

exceeded 
Annual cost 

(Rs) 
Annual benefit 

(Rs) 
Annual net 
benefit (Rs) 

1 35 7684033 22766172 15082138 

2 30 13544363 33698445 20154081 

3 25 25230410 50279311 25048901 

4 20 41196318 68477647 27281329 

5 19 44763092 72640464 278' 7372 

6 18 48134546 74860480 26725934 

7 17 51325977 76800661 25474684 

8 16 63144104 83849719 20705615 

9 15 70090385 92466661 22376276 

10 14 73602284 95124391 21522107 

11 13 74373783 95660146 21286363 

12 12 81573913 1E+08 18811617 

13 11 84613160 1.02E+08 17636963 

14 10 91620164 1.05E+08 13772989 

15 5 1.74E+08 1.39E+08 -3.6E+07 

By plotting the incremental curve between annual energy vs. installed capacity 

the optimal installed capacity was found to be 13.94 MW for 12% flow exceedence for 

which the design discharge recommended is 14.75 cumecs with plant factor 28%. The 

maximum annual benefit is Rs.18811617and benefit cost ratio obtained is 1.25. 
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B) By plotting the curve between annual cost vs. Annual benefit the optimal installed 

capacity was found to be 7.95 MW for 19% flow exceedence for which the design discharge 

recommended is 8.45 cumecs with plant factor 37%. The maximum annual benefit is 

Rs.27877372 and benefit cost ratio obtained. is 2.11. 

Out of these two methods the marginal curve analysis is taken into consideration because in 

case of annual cost-benefit curve method we assumed the values of cost and benefit (the 

actual data was not available) therefore the method of marginal curve is recommended, so the 

recommended optimal size of plant is 13.94 MW for 12% flow exceedence. for which the 

design discharge recommended is 14.75 cumecs with plant factor 28%. The maximum annual 

benefit is Rs. 18811617and benefit cost ratio obtained is 1.25. 

From the analysis it is concluded that the project is financially viable. 
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Appendix C 

The rainfall-runoff relationship trend of months (from April to October) is given here. For 

the values of rainfall-runoff refer the appedix A 

The y indicates the runoff value and x rainfall value. 
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Regression curve of july 
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Regression curve of Aug 
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Regression curve of Oct 
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Catchment-Kadmane 	Taluk-Sakaleshpura 	Dist.-Hassan 	 Unit-MM 

Runoff 1988 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1 0.78 0.42 0.23 0.13 0.00 2.60 30.62. 53.46 34.82 36.74 3.69 2.02 
2 0.76 0.41 0.23 0.12 0.05 6.55 11.90 136.64 82.19 77.78 3.61 1.98 
3 0.75 0.40 0.22 0.12 0.37 1.48 2.72 173.16 73.10 18.32 3.54 1.94 
4 0.73 0.39 0.22 0.12 1.04 1.02 5.01 129.40 11.25 6.21 3.47 1.91 
5 0.72 0.39 0.22 0.12 1.04 4.51 3.24 23.44 0.55 42.02 3.40 1.87 
6 0.70 0.38 0.21 0.11 0.00 1.55 5.74 2.45 79.45 17.44 3.34 1.83 
7 0.69 0.37 0.21 0.11 1.03 4.00 3.38 1.04 37.47 9.55 3.27 1.79 
8 0.68 0.36 0.20 2.28 0.98 9.67 28.62 25.73 38.39 0.25 3.21 1.76 
9 0.66 0.36 0.20 2.20 0.17 14.27 3.74 10.68 113.95 14.26 3.14 1.72 
10 0.65 0.35 0.20 2.65 0.16 15.36 44.68 5.39 18.76 10.29 3.08 1.69 
11 0.64 0.34 0.19 2.28 0.11 8.38. 12.40 1.60 14.94 9.89 3.02 1.66 
12 0.62 0.34 0.19 2.20 0.10 8.60 26.83 1.44 3.88 9.31 2.96 1.62 

.13 0.61 0.33 0.18 2.27 0.10 11.73 46.48 2.60 3.73 8.60 2.90 1.59 
14 0.60 0.32 0.18 2.56 0.09 8.97 71.87 10.31 35.45 7.78 2.84 1.56 
15 0.59 0.32 0.18 2.29 0.08 10.82 87.76 15.17 22.44 6.90 2.79 1.53 
16 0.58 0.31 0.17 2.20 0.07 14.49 141.27 47.51 41.94 6.00 2.73 1.50 
17 0.56 0.30 0.17 2.48 0.06 6.01 220.81 40.82 56.78 5.11 2.68 1.47 
18 0.55 0.30 0.17 2.30 0.05 5.66 141.34 40.85 84.87 4.27 2.62 1.44 
19 0.54 0.29 0.16 2.21 0.04 9.55 152.00 131.77 79.51 3.50 2.57 1.41 
20 0.53 0.29 0.16 2.08 0.04 6.89 82.76 38.35 115.17 2.80 2.52 1.38 
21 0.52 0.28 0.16 1.95 0.03 4.15 46.67 8.36 53.39 2.21 2.47 1.36 
22 0.51 0.27 0.15 1.82 0.02 15.37 39.14 7.58 	. 52.78 1.70 2.42 1.33 
23 0.50 0.27 0.15 2.30 0.01 27.69 37.61 10.67 185.46 1.29 2.37 1.30 
24 0.49 0.26 0.15 2.79 4.28 23.31 7.01 25.52 55.96 0.95 2.33 1.28 
25 0.48 0.26 0.14 2.39 0.00 10.16 10.81 2.21 57.74 0.62 2.28 1.25 
26 0.47 0.25 0.14 2.81 0.09 6.68 23.06 3.39 45.14 2.17 2.24 1.23 
27 0.46 0.25 0.14 2.48 0.22 7.41 . 	34.70 28.26 46.16 2.08 2.19 1.20 
28 0.45 0.24 0.14 2.38 1.29 6.04 67.83 8.35 10.36 1.96 2.15 1.18. 
29 0.44 0.24 0.13 2.24 0.39 1.17 91.77 14.87 28.34 1.81 2.11 1.16 
30 0.44 0.13 2.07 0.65 2.28 35.54 9.07 6.62 3.91 2.06 1.13 
31 0.43 0.13 0.19 17.36 9.26 3.76 1.11 

Total 18 9 5 54 13 	_ 256 1535 1019 1491 319 84 47 
Annual runoff = 4851 Avg. Monthly runoff = 404 
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Runoff .1989 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 1.09 0.59 0.33 2.29 0.19 6.93 24.51 5.56 0.00 0.00 16.56 8.91 
2 1.07 0.57 0.33 2.20 0.18 0.40 12.62 2.91 5.65 0.00 15.92 8.73 
3 1.05 0.56 0.32 2.26 0.18 0.24 2.01 3.77 5.44 2.43 15.60' 8.56 
4 1.03 0.55 0.31 2.17 0.17 0.00 1.87 26.09 5.23 4.58 15.29 8.39 
5 1.00 0.54 0.31 2.27 13.27 7.59 1.74 68.75 11.76 2.54 14.99 8.23 
6 0.98 0.53 0.30 2.18 12.74 33.14 5.15 31.81 12.89 59.17 14.69 8.06 
7 0.97 0.52 0.30 2.14 0.00 26.79 6.94 14.48 0.00 0.75 14.40 7.90 
8 0.95 0.51 0.29 2.10 0.41 35.99 '11.14 11.95 10.92 18.68 14.12 7.75 
9 0.93 0.50 0.28 2.06 4.33 16.44 1.45 4.79 1.03 0.25 13.84 7.59 

10 0.91 0.49 0.28 2.01 	' 0.04 24.42 0.22 8.77 15.39 0.23 13.56 7.44 
11 0.89 0.48 0.27 1.97 0.41 34.33 14.12 25.47 63.97 15.87 13.29 7.30 
12 0.87 0.47 0.27 1.94 0.11 52.85 24.59 45.51 16.84 1.07 13.03 7.15 
13 0.86 0.46 0.26 1.90 0.25 30.73 18.11 24.15 27.61 1.03 12.77 7.01 
14 0.84 0.45 0.26 1.86 0.24 14.36 4.63 30.04 87.04 1.01 12.52 6.87 
15 0.82 0.44 0.25 1.82 0.23 22.99 3.55 19.12 0.73 0.99 12.27 6.73 
16 0.81 0.43 0.25 1.79 0.00 11.39 43.70 29.24 4.20 0.97 12.03 '6.60 
17 0.79 0.43 0.24 1.75 0.09 16.05 81.21 90.77 11.66 2.86 11.79 6.47 
18 0.77 0.42 0.24 1.70 0.08 6.27 80.27 59.44 11.71 2.50 11.56 6.34 
19 0.76 0.41 0.23 2.27 0.06 6.29 73.91 38.30 '25.62 6.48 11.33 6.22 
20 0.74 0.40 0.23 2.26 0.06 5.89 79.81 19.19 24.03 0.76 11.10 6.09 
21 0.73 0.39 0.22 2.20 0.06 12.64 106 2.06 4.37 2.61 10.88 5.97 
22 0.72 0.38 0.22 2.31 0.04 24.42 182 25.06 12.13 2.50 10.67 5.85 
23 0.70 0.38 0.22 2.26 0.07 7.73 129 41.66 5.36 2.45 10.46 5.74 
24 0.69 0.37 0.21 2.83 0.07 6.22 186 43.64 11.03 2.41 10.25 5.63 
25 0.67 0.36 , 0.21 2.65 0.23 13.41 113 37.89 24.45 2.36 10.05. 5.51 
26 0.66 0.36 0.20 2.45 1.06 14.52 77.63 23.39 76.09 2.31 9.85 5.40 
27 0.65 0.35 0.20 2.28 1.02 6.62 56.03 26.17 119 9.65 5.30 
28 0.63 0.34 0.19 2.19 1.00 33.56 7.42 6.21 14.39 0.00 9.46 5.19 
29 0.62 0.19 2.14 0.98 35.56 13.01 5.75 8.55 0.51 9.27 5.09 
30 0.61 0.19 2.10 0.96 65.88 0.22 14.23 8.23 0.10 9.09 4.99 
31 0.60 0.18 0.00 0.19 21.77 16.56 4.89 

Total 25 13 8 64 39 574 1362 808 626 154 370 208 

Annual runoff = 4250 	 Avg. Monthly runoff = 	354 
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Runoff 1990 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 4.70 2.53 1.42 0.76 1.97 8.09 124 24.73 14.46 41.85 8.31 4.56 
2 4.61 2.48 1.39 0.75 1.93 17.85 183 32.40 15.48 17.97 8.14 4.47 
3 4.51 2.43 1.36 0.73 1.89 5.07 68.95 10.53 34.42 10.93 7.98 4.38 
4 4.42 2.38 1.33 0.72 0.00 0.88 28.82 6.86 84.89 13.35 7.82 .4.29 
5 4.34 2.33 1.31 0.70 0.00 1.30 14.95 2.17 141 1.08 7.67 4.21 
6 4.25 2.29 1.28 0.69 1.17 8.85 20.75 5.21 136 3.86 7.52 4.13 
7 4.17 2.24 1.26 2.34 1.12 3.25 41.61 3.92 30.61 0.56 7.37 4.04 
8 4.08 2.20 1.23 2.25 1.10 1.80 15.90 15.56 20.81 14.23 7.22 3.96 
9 4.00 2.15 1.21 2.20 5.18 9.83 29.19 26.01 2.09 13.67 7.08 3.89 

10 3.92 2.11 1.18 2.16 2.11 10.35 39.00 48.06 22.52 0.00 6.94 3.81 
11 3.85 2.07 1.16 2.12 10.96 25.53 47.28 53.13 75.14 0.00 6.80 3.73 
12 3.77 2.03 1.14 2.07 10.52 15.41 15.91 55.27 79.92 0.15 6.67 3.66 
13 3.70 1.99 1.11 2.03 10.31 6.91 10.53 106 67.18 11.37 6.54 3.59 
14 3.62 1.95 1.09 1.99 10.11 4.63 43.70 128 35.06 8.39 6.41 3.52 
15 3.55 1.91 1.07 1.95 9.91 18.38 41.61 102 4.51 12.40 6.28 3.45 
16 3.48 1.87 1.05 1.91 0.00 33.77 73.66 103 4.42 0.00 6.15 3.38 
17 3.41 1.84 1.03 1.88 0.95 40.80 78.40 63.30 9.87 4.73 6.03 3.31 
18 3.34 1.80 1.01 1.84 0.45 40.00 108 60.87 10.36 0.25 5.91 3.25 
19 3.28 1.76 0.99 1.80 25.57 66.23 39.56 99.14 4.82 3.62 5.80 3.18 
20 3.21 1.73 0.97 1.77 15.50 11.93 36.61 86.49 6.21 3.48 5.68 3.12 
21 3.15 1.69 0.95 1.73 5.77 10.45 22.99 61.38 19.27 3.41 5.57 3.06 
22 3.09 1.66 0.93 1.70 12.24 18.83 22.82 81.43 1.42 3.34 5.46 3.00 
23 3.03 1.63 0.91 2.26 2.39 14.94 37.96 59.42 42.44 45.83 5.35 2.94 
24 2.97 1.60 0.89 2.26 6.26 7.68 67.07 33.82 2.61 27.06 5.24 2.88 
25 2.91 1.56 0.88 2.17 1.29 23.69 40.24 9.79 5.25 2.80 5.14 2.82 
26 2.85 1.53 0.86 2.13 3.48 57.12 14.86 12.53 3.72 35.45 5.04 2.77 
27 2.79 1.50 0.84 2.09 17.16 41.63 10.40 3.50 10.76 61.30 4.94 2.71 
28 2.74 1.47 0.82 2.05 22.34 26.72 19.92 19.80 1.58 40.77 4.84 2.66 
29 2.68 1.44 0.81 2.01 9.12 36.47 14.30 36.86 5.20 20.11 4.75 2.60 
30 2.63 0.79 1.97 13.40 21.99 30.82 41.72 3.68 12.28 4.65 2.55 
31 2.58 0.78 11.06 41.11 25.86 8.65 2.50 

Total , 110 56.18 33.02 53.02 215 590 1384 1419 897 423 189 106 

Annual runoff = 5362 	 Avg. monthly runoff = 487.70 
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Runoff 1991 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1 2.45 1.32 
2 2.40 1.29 
3. 2.36 1.27 
4 2.31 1.24 
5 2.26 1.22 
6 2.22 1.19 
7 2.18 1.17 
8 2.13 1.15 
9 2.09 1.12 

10 2.05 1.10 
11 2.01 1.08 
12 1.97 1.06 
13 1.93 1.04 
14 1.89 1.02 
15 1.85 1.00 
16 1.82 0.98 
17 1.78 0.96 
18 1.75 0.94. 
19 1.71 0.92 
20 1.68 0.90 
21 1.64 0.88 
22 1.61 0.87 
23 1.58 0.85 
24 1.55 0.83 
25 1.52 0.82 
26 1.49 0.80 
27 1.46 0.78 
28 1.43 0.77 
29 1.40 0.75 
30 1.37 
31 1.35 

Total 57.23 29.33 

0.75 . 	0.41 2.02 0.16 23.78 38.41 2.20 2.14 0.73 0.40 
0.74 2.71 1.98 8.59 7.03 8.11 2.11 2.54 0.72 0.39 
0.72 2.44 1.94 7.13 . 	8.97 9.64 2.07 9.16 0.70 0.39 
0.71 2.39 .2.23 31.37 29.60 4.97 203 7.32 0.69 0.38 
0.70 2.19 2.44. 17.66 60.55 3.81 000 40.18 0.68 0.37 
0.68 2.28 2.34 31.87 55.66 7.72 0:00 0.00 0.66 0.36 
0.67 2.19 2.30 64.75 25.98 24.87 0.37 1.09 0.65 0.36 
0.66 2.14 2.25 68.14 52.25 35.06 32.14 6.05 0.64 0.35 
0.64 2.10 2.21 73.40 42.63 46.32 12.75 13.90 0.62 0.34 
0.63 2.98 0.00 151 44.14 33.47 16.49 7.07 0.61 0.34 
0.62 2.87 0.95 49.04 47.43 27.82 0.00 1.75 0.60 0.33 
0.60 2.75 0.20 27.74 85.69 35.15 15.11 11.39 0.59 0.32 
0.59 0.17 2.28 63.05 81.48 1.10 3.43 0.58 0.32 
0.58 2.27 , 9.77 2.04 55.56 81.93 46.30 3.30 0.56 0.31 
0.57 2.30 0.79 5.30 105 63.09 13.42 3.23 0.55 0.30 
0.56 2.19 0.76 19.97 82.60 42.47 1.84 23.57 0.54 0.30 
0.55 2.14 0.75 14.95 58.46 26.90 1.76 46.45 0.53 0.29 
0.54 2.10 0.73 4.39 40.46 28.16 30.32 4.17 0.52 0.29 
0.53 2.27 0.72 22.70 63.90 7.63 0.00 3.91 0.51 0.28 
0.52 2.19 2.07 39.51 64.92 22.03 0.37 3.74 0.50 0.27 
0.51 2.37 4.34 2.25 65.43 26.34 38.39 7.22 0.49 0.27 
0.50 2.32 1.24 4.79 55.35 29.95 29.67 1.46 0.48 0.26 
0.49 2.72 14.48 4.98 53.46 28.70 46.75 3.99 0.47 0.26 
0.48 2.51 13.88 8.10 66.75 26.48 11.61 3.83 0.46 0.25 
0.47 2.26 18.08 23.37 98.24 23.42 15.06 3.76 0.45 0.25 
0.46 2.27 16.36 16.24 251 4.90 2.20 3.68 0.44 0.24 

0.45 2.19 9.39 36.62 299 4.64 11.68 3.61 0.44 0.24 

0.44 2.14 2.09 12.83 144 3.96 30.37 6.00 0.43 0.23 
0.43 2.10 6.42 2.74 169 7.77 2.28 36.40 0.42 0.23 

0.42 2.06 3.10 25.82 114 1.11 2.19 8.15 0.41 0.23 

0.41 0.12 65.54 3.27 0.76 0.22 

17.59 65.85 126 780 2400 790 371 273 16.70 9.38 

Annual runoff = 4878 
	t 	 Avg. Monthly runoff = 	407 
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Runoff 1992 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 0.22 0.12 0.07 0.04 0.80 0.08 11.40 17.39 50.41 31.70 0.45 0.25 

2 0.21 0.11 0.07 0.04 0.27 19.15 1.31 21.63 105 22.02 0.44 0.24 

3 0.21 0.11 0.06 0.03 0.26 0.00 0.44 15.87 191 30.40 0.43 0.24 

4 0.20 0.11 0.06 0.03 0.25 10.60 0.00 7.48 104 101 0.42 0.23 

5 0.20 0.11 0.06 0.03 6.70 8.69 1.52 2.18 116 145 0.42 -0.23 

6 0.20 0.11 0.06 0.03 0.45 0.00 8.38 0.85 214 2.75 0.41 0.22 

7 0.19 0.10 0.06 0.03 0.52 2.21 13.16 6.96 198 12.49 0.40 0.22 

8 0.19 0.10 0.06 2.57 0.51 0.63 11.71 6.65 101 7.65 0.39 0.22 

9 0.18 0.10 0.06 2.47 0.48 0.16 6.98 32.18 60.51 3.92 0.38 0.21 

10 0.18 0.10 0.06 2.42 1.13 0.12 4.96 .47.87 14.46 3.72 0.38 0.21 

11 0.18 0.10 0.05 2.38 4.01 2.95 29.16 76.25 1.47 4.47 0.37 0.20 

12 0.17 0.09 0.05 2.33 4.34 6.23 26.37 142 1.07 0.00 0.36 0.20 

13 0.17 0.09 0.05 2.28 0.18 18.32 26.45 125 0.98 1.48 0.35 0.19 

14 0.17 0.09 0.05 2.24 6.48 2.95. 21.81 84.77 0.89 5.34 0.35 0.19 

15 0.16 0.09 0.05 219 2.41 33.01 28.56 64.87 1.10 56.86 0.34 0.19 

16 0.16 0.09 0.05 2.15 2.28 37.96 68.71 139 1.00 0.25 0.33 0.18 

17 0.16 0.08 0.05 2.11 6.93 46.40 128 94.40 8.08 0.24 0.33 0.18. 

18 0.15 0.08 0.05 2.26 1.34 118 62 77.90 3.61 0.24 0.32 0.18 

19 0.15 0.08 0.05 2.28 1.29 114 111 64.76 58.40 0.23 0.31 0.17 

20 0.15 0.08 0.05 2.26 1.26 107 135 69.28 94.88 0.23 0.31 0.17 

21 0.14 0.08 0.04 2.19 0.00 62.59 34.62 27.18 5.07 0.23 0.30 0.17 
22 0.14 0.08 0.04 2.14 0.00 47.48 37.18 37.83 2.24 0.22 0.30 0.16 

23 0.14 0.07 0.04 2.46 0.27 43.46 47.15 3.93 27.56 1.27 0.29 0.16 
24 0.14 0.07 0.04 2.37 0.26 11.26 99.81 9.34 9.81 1.13 0.28 0.16 

25 0.13 0.07 0.04 2.41 0.25 9.13 74.43 13.50 9.56 6.26 0.28 0.15 
26 0.13 0.07 0.04 2.56 0.25 29.94 197 19.78 35.58 0.00 0.27 0.15 
27 0.13 0.07 0.04 2.26 0.24 56.49 97.05 24.35 22.48 0.51 0.27 0.15 

28 0.13 0.07 0.04 2.19 6.81 22.48 103 38.01 127 0.49 0.26 0.14 
29 0.12 0.04 2.14 6.51 17.24 63.15 30.30 44.20 0.48 0.26 0.14 
30 0.12 0.04 2.10 0.00 24.41 42.24 11.90 2.76 0.47 0.25 0.14 
31 0.12 0.04 0.00 7.99 11.75 0.46 0.14 

Total 5.05 2.52 1.55 53.02 56.45 854 1502 1325 1612 441 10.27 5.77 

Annual runoff = 5868 	
' Avg. Monthly runoff = 	489 
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Runoff 1993 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 0.13 0.07 0.04 0.02 2.18 0.42. 46.52 108 22.12 2.54 1.48 0.81 

2 0.13 0.07 0.04 0.02 2.13 0.16 90.72 55.30 25.75 52.12 1.45 0.80 

3 0.13 0.07 0.04 0.02 2.09 2.02 75.90 70.76 44.70 27.72 1.42 0.78 

4 0.13 0.07 0.04 0.02 2.05 0.91 18.56 11.75 44.63 12.25 1.39 0.76 

5 0.12 -0.07 0.04 0.02 2.01 4.67 25.81 4.78. 67.95 2.95 1.36 0.75 

6 0.12 0.06 0.04 ' 0.02 1.97 0.16 3.94 2.02 38.32 5.83 1.34 0.73 

7 0.12 0.06 0.04 0.02 1.93 1.61 21.87 13.72 37.40 2.04 1.31 0.72 

8 0.12 0.06 0.04 0.02 12.31 3.95 25.23 10.32 17.11 2.85 1.29 0.71 

9 0.11 0.06 0.03 0.02 0.32 7.11 88.27 26.36 8.50 15.65 1.26 0.69 

10. 0.11 0.06 0.03 2.58 0.31 10.69 58.29 32.22 0.92 14.28 1.23 0.68 

11 0.11 0.06 0.03 2.48 0.30 27.40 119 49.18 13.05 6.06 1.21 0.66 

12 0.11 0.06 0.03 2.43 0.30 20.51 66.51 55.16 9.55 6.28 1.19 0.65 

13 0.10 0.06 0.03 2.38 0.29 18.17 127 34.30 17:79 29.26 1.16 0.64 

14 0.10 0.06 0.03 0.00 10.39 23.77 131 77.43 9.09 13.10 1.14 0.63 

15 0.10 0.05 0.03 2.26 2.10 26.77 90.36 100 21.10 21.60 1.12 0.61 

16 0.10 0.05 0.03 2.26 0.75 34.36 72.91 71.30 0.29 3.55 1.10 0.60 

17 0.10 0.05 0.03 2.48 10.68 41.15 8.45 27.71 0.33 1.53 1.07 0.59 

18 0.09 0.05 0.03 3.08 10.46 54.67 5.26 15.47 0.28 1.40 1.05 0.58 

19 0.09 0.05 0.03 2.31 6.13 27.45 1.61 13.16 1.21 51.75 1.03 0.57 

20 0.09 0.05. 0.03 2.22 2.47 7.20 2.53 45.38 1.12 37.23 1.01 0.55 

21 0.09 0.05 0.03 2.30 8.88 3.42 6.25 18.26 1.02 21.61 0.99 0.54 

•22 0.09 0.05 0.03 2.36 7.77 6.87 11.38 18.84 3.31 10.98 0.97 0.53 

23 0.09 0.05 0.03 2.24 7.53 0.74 10.56. 11.73 39.29 3.86 0.95 0.52 

24 0.08 0.05 0.03 2.28 0.00 0.38 18.54 22.11 11.39 3.70 0.93 0.51 

25 0.08 0.04 0.03 2.33 0.00 4.74 38.54 19.90 1.25 3.63 0.91 0.50 

26 0.08 0.04 0.02 2.21 0.98 12.15 39.55 36.95 6.89 3.55 0.90 0.49 

27 0.08 0.04 0.02 2.27 0.90 4.17 54.16 4.59 6.15 0.00 0.88 0.48 

28 0.08 0.04 0.02 2.33 1.00 3.25 84.81 5.11 6.00 0.00 0.86 0.47 

29 0.08 0.02 2.31 0.95 3.45 134 24.79 0.00 1.60 0.84 0.46 

30 0.07 0.02 2.22 0.93 13.00 122 29.45 3.95 1.54 0.83 0.45 

31 0.07 0.02 0.00 128 12.18 1.51 0.45 

Total 3.11 1.55 0.95 47.51 100 365 1727 1029 460 362 33.68 18.93 

Annual runoff 	= 	4149 	Avg. Monthly runoff - 	346 
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Runoff 1994 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 0.44 0.23 0.13 0.07 1.58 0.39 58.19 65.80 286 24.35 8.02 4.40 
2 0.43 0.23 0.13 0.07 1.55 7.34 60.41 55.44 190 12.15 7.86 4.32 
3 0.42 0.23 0.13 0.07 1.52 13.69 10.00 33.76 163 34.34 7.71 4.23 
4 0.41 0.22 0.12 2.36 1.49 52.20 10.49 19.79 114 25.13 7.55 4.15 
5 0.40 0.22 0.12 2.25 9.65 34.03 30.63 4.81 175 35.22 7.41 4.06 
6 0.39 0.21 0.12 2.44 0.18 14.24 6.59 4.43 103 39.14 7.26 3.98 
7 0.39 0.21 0.12 2.34 0.04 7.63 9.07 4.52 20.89 4.39 7.11 3.90 
8 0.38 0.20 0.11 2.30 0.73 17.53 26.20 0.38 11.48 4.15 6.97 3.83 
9 0.37 0.20 0.11 2.25 0.70 9.77 85.65 1.98 17.54 23.62 6.84 3.75 
10 0.36 0.20 0.11 2.21 0.69 13.84 116 14.04 8.52 24.58 6.70 3.68 
11 0.36 0.19 0.11 2.69 0.67 44.97 212 22.56 000 0.36 6.57 3.60 
12 0.35 0.19 0.11 2.94 0.66 51.58 238 -19.78 0.96 48.60 6.44 3.53 
13 0.34 0.18 0.10 2.27 0.65 57.29 178 1.59 0.81 30.45 6.31 3.46 
14 0.34 0.18 0.10 2.27 0.63 44.90 180 1.35 11.56 15.19 6.19 3.39 
15 0.33 0.18 0.10 2.18 0.62 42.72 110 1.18 1.84 20.67 6.06 3.33 
16 0.32 0.17 0.10 2.13 0.61 26.56 117 16.10 1.69 18.74 5.94 3.26 
17 0.32 0.17 0.10 2.09 0.60 19.50 39.21 25.71 0.00 0.00 5.83 3.20 
18 0.31 0.17 0.09 2.05 0.59 22.61 61.58 41.00 1.10 0.00 5.71 3.13 
19 0.30 0.16 0.09 2.01 0.00 31.74 90.79 26.72 1.06 2.67 5.60 3.07 
20. 0.30 0.16 0.09 1.97 0.00 7.87 111 15.75 1.04 3.56 5.49 3.01 
21 0.29 0.16 0.09 1.93 0.30 1.01 102 15.85 1.02 0.13 5.38 2.95 
22 0.29 0.15 0.09 1.89 0.29 9.90 57.00 10.17 1.00 6.38 5.27 2.89 
23 0.28 0.15 0.08 1.85 0.28 8.44 62.98 38.97 0.98 22.37 5.17 2.84 
24 0.28 0.15 0.08 1.82 0.28 33.70 63.44 29.06 0.96 30.53 5.06 2.78 
25 0.27 0.15 0.08 1.78 0.27 26.28 65.50 23.53 0.94 6.69 4.96 2.72 
26 0.26 0.14 0.08 1.75 0.27 41.00 55.97 66.29 4.75 47.48 4.87 2.67 
27 0.26 0.14 0.08 1.71 3.54 38.51 74.89 51.20 4.23 38.29 4.77 2.62 

.28 0.25 0.14 0.08 1.68 16.93 68.12 55.13 49.82. 30.74 5.74 4.67 2.57 
29 0.25 0.13 0.08 1.64 0.18 54.80 62.17 45.33 10.20 8.69 4.58 2.51 
30 0.24 0.07 1.61 0.17 35.74 77.74 71.42 10.00 8.35 4.49 2.46 
31 0.24 0.07 2.26 0.16 65.10 97.88 8.18 2.42 

Total 10.18 5.22 3.07 58.89 .45.83 838 ' 2494 876 1174 " 550 183 103 

Annual runoff 	= 	6341 	 Avg. Monthly runoff = 	5280.00 
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Runoff 1995 

Date JAN FEB MAR APR MAY JUN JUL AUG - SEP OCT NOV DEC 
1 2.37 1.27 0.73 0.39. 0.00 5.02 44.23 8.97 319 6.58 8.24 4.52 
2 2.32 1.25 0.71 0.38 0.18 0.00 39.14 44.93 389 6.33 8.08 4.44 
3 2.28 1.22 0.70 0.38 0.16 0.00 14.16 58.21 364 6.07 7.92 4.35 
4 2.23 1.20 0.69 0.37 1.88 0.88 ' 4.42 25.81 1,86 0.00 7.76 4.26 
5 2.19 1.18 0.67 0.36 7.74 0.84 16.77 7.50 115 2.59 7.61 4.18 
6 2.14 1.15 0.66 2.80 4.58 0.83 34.42 7.83 89.16 4.11 7.46 4.09 
7 2.10 1.13 0.65 2.68 4.32 0.81 13.43 39.22 54.14 8.42 7.31 4.01 
8 2.06 1.11 0.63 2.63 3.08 0.79 12.30 46.09 23.39 0.15 7.17 3.93 
9 2.02 1.09 0.62 2.58 0.95 2.81 38.75 11.22 12.78 6.71 7.03 - 3.86 
10 1.98. 1.06 0.61 2.52 3.38 6.56 118 0.12 12.43 37.13 6.89 3.78 
11 1.94 1.04 0.60 2.47 5.76 24.00 131 8.12 0.00 1.88 6.75 3.70 
12 1.90 1.02 0.58 2.43 25.59 32.51 108 4.30 7.83 0.00 6.62 3.63 

13 1.86 1.00 0.57 2.38 11.99 27.94 66.41 7.16 3.86 0.76 6.49 3.56 
14 1.83 0.98 0.56 2.33 43.81 11.49 32.39 5.32 84.19 3.81 6.36 3.49 

15 1.79 0.96. 0.55 2.28 0.65 2.75 40.36. 3.56 67.61 3.66 6.23 3.42 

16 1.75 0.94 0.54 2.28 1.26 3.64 152 17.48 34.92 3.59 6.11 3.35 

17 1.72 0.93 0.53 2.58 1.21 1.80 32.07 17.10 53.84 3.52 5.99 3.29 

18 1.69 0.91 0.52 2.47 1.18 3.66 97.40 0.64 25.96 24.61 5.87 3.22 

19 1.65 0.89 ' 0.51 2.43 1.16 1.73 144 12.36 9.58 0.25 5.75 3.16 

20 1.62 0.87 0.50 2.75 1.14 3.10 71.61 14.35 0.00 0.25 5.64 3.09 

21 1.59 0.85 0.49 2.63 1.11 3.68 82.87 0.24 27.00 0.20 5.53 3.03 

22 1.56 0.84 0.48 2.28 1.09 2.26 25.24 0.19 0.37 0.14 5.42 2.97 

23 1.53 0.82 0.47 2.59 1.07 2.45 24.31 15.39 0.35. 7.39 5.31 2.91 

24 1.50 0.80 0.46 2.52 1.05 1.39 11.90 1.24 0.35 19.82 5.20 2.86 

25 1.47 0.79 0.45 2.47 1.03 5.87 11.50 7.43 3.12 3.48 5.10 2.80 

26 1.44 0.77 0.44 2.43 1.00 19.05 54.47 56.45 2.97 2.03 5.00 2.74 

27 1.41 0.76 0.43 2.38 3.35  17.98 29.68 10.18 0.00 18.86 4.90 2.69 

28 1.38 0.74 0.42. 2.33 0.45 25.34 2.24 69.67 2.20 0.76 4.80 2.64 

29 1.35 0.42 2.69 1.16 28.23 5.40 .75.70 2.13 0.70 4.71 2.58 

30 1.33 0.41 2.34 8.37 30.33 32.17 125.1 8.99 0.63 4.62 2.53 

31 1.30 0.40 5.22 25.07 85.93 8.58 2.48 

Total 55.26 27.59 16.98 64.15 145 268 1515 788 . 1900 183 188 106 

Annual runoff = 5256 	 Avg. Monthly runoff = 438 
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Runoff 1996 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP' OCT NOV DEC 
1 2.43 1.31 0.75 0.40 1.93 1.69 0.00 78.70 3.99 19.32 12.01 6.59 
2 2.39 1.28 0.73 2.28 1.90 0.71 0.15 17.05 4.12 103 11.77 6.46 
3 2.34 1.26 0.72 2.56 1.86 3.34 2.04 36.58 10.79 54.18 11.54 6.33 
4 2.29 1.23 0.70 2.46 1.82 3.22 0.36 34.48 22.78 1.27 11.31 6.21 
5 2.25 1.21 0.69 2.41 1.79 0.00 0.44 17.26 17.23 1.22 11.09 6.08 
6 2.20 1.18 0.68 2.36 1.75 0.00 10.86 72.99 11.94 1.20 10.87 5.96 
7 2.16 1.16 0.66 2.32 1.72 0.31 0.44 19.79  8.45 1.17 10.65 5.85 
8 2.12 1.14 0.65 2.27 1.68 1.61 2.05 13.18 15.08 1.15 10.44 5.73 
9 2.07 1.12 0.64 2.23 1.65 3.06 0.00 50.68 10.64 24.14 10.23 5.62 
10 2.03 1.09 0.62 2.18 1.62 0.90 23 15.95 24 13.87 10.03 5.51 
11 1.99 1.07 0.61 2.46 1.58 0.44 24 6.96 38 2.41 9.83 5.40 
12 1.95 1.05 0.60 2.27 1.55 12.00 49 13.55 43 4.08 9.64 5.29 
13 1.91 1.03 0.59 2.51 1.52 40.17 13.67 17.85 77 11.06 945 5.18 
14 1.88 1.01 0.58 2.27 1.49 140 40 15.99 5.13 .14.08 9.26 5.08 
15 1.84 0.99 0.57 2.19 1.46 40 53 13.72 30 0.00 9.08 4.98 
16 1.80 0.97 0.55 2.31 1.43 45 66 10.08 20 10.42 8.90 4.88 
17 1.77 0.95 0.54 2.22 1.40 87 91.84 7.69 33 0.00 8.72 4.79 
18 1.73 0.93 0.53 2.18 1.38 47 107 29.67 16.80 2.54 8.55 4.69 
19 1.70 0.91 0.52 2.14 1.35 38 73 9.87 21.76 20 8.38 4.60 
20 1.66 0.90 0.51 2.09 1.09 20.91 116 0.76 29 19.63 8.21 4.51 
21 1.63 0.88 0.50 2.05 1.00 15.96 91.69 4.02 5.32 19.24 8.05 4.42 
22 1.60 0.86 0.49 2.01 0.91 5.26 194 3.01 5.18 18.86 7.89 4.33 
23 1.57 0.84 0.48 2.32 1.88 16.65 183 6.49 64.62 18.49 7.73 4.24 
24 1.54 0.83 0.47 2.22 1.71 1.55 136 43 2.65 I8.12 7.58 4.16 
25 1.51 0.81 0.46 2.18 0.00 0.16 109 35 10.77 0.00 7.43 4.08 
26 1.48 0.79 0.45 2.14 0.83 0.11 107 17.00 11.05 0.00 7.28 4.00 
27 1.45 0.78 0.44 2.09 0.73 0.47 134 36 58 2.35 7.14 3.92 
28 1.42 0.76 0.44 2.05 4.78 0.37 75.17 53 173 2.26 7.00 3.84 
29 1.39 0.43 2.01 0.00 2.25 68 38 32.91 2.21 6.86 3.76 
30 1.36 0.42 1.97 2.86 2.51 57 2.49 2.94 2.17 6.72 3.69 
31 1.34 0.41 0.00 81.80 0.24 12.51 3.62 

Total 57 28 17 65 47 529 1908 720 811 401 274 154 

Annual runoff = 5012 	 Avg. Monthly runoff = 	418 
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Runoff 1997 

Date JAN FEB MAR APR MAY JUN JUL , AUG SEP OCT NOV DEC 
1 3.55 1.91 1.09 2.27 1.57 1.83 76.16 151 0.73 25.74 23.37 12.82 
2 3.48 1.87 1.07 2.18 55.52 1.79 58.81 51.90. 44.54 13.84 22.90 12.57 
3 3.41 1.83 1.05 2.18 0.18 1.76 47.63 61.77 27.12 7.73 22.45 12.32 
4 3.34 1.80 1.03 2.13 0.31 1.72 61.43 17.88 4.04 0.00 22.00 12.08 
5 3.27 1.76 1.01 2.09 0.30 12.74 68 65.44 5.38 1.27 21.57 11.84 
6 3.21 1.73 0.99 2.05 0.29 0.00 76 148 6.61 4.04 21.14 11.60 
7 3.14 1.69 0.97 2.01 .0.29 1.75 67 158 143 7.11 20.72 11.37 
8 3.08 1.66 0.95 2.67 0.28 1.55 108 29.45 16.60 6.90 20.31 11.15 
9 3.02 1.63 0.93 2.18 0.28 1.94 194 15.01 9.19 0.00 19.91 10.93 

10 2.96 . 	1.59 0.91 2.13 0.27 7.30 91 13.18 34.46 0.00 19.52 10.71 
1.1 2.90 1.56 0.89 2.09 5.13 7.02 34 4.08 59.19 0.25 19.13 10.50 
12 2.85 1.53 0.87 2.05 0.00 10.63 33 12.29 0.73 0.00 18.75 10.29 
13 2.79 1.50 0.86 2.01 3.86 2.61 61 1.06 0.73 0.00 18.38 10.09 
14 2.73 1.47 0.84 1.97 3.55 1.99 .52 0.24 0.67 0.00 18.02 9.89 
15 2.68 1.44 0.82 1.93 0.00 3.41 43 2.27 341 5.34 17.66 9.69 
16 2.63 1.41 0.81 1.89 0.21 3.13 49 2.58 25 5.13 17.31 9.50 
17 2.57 1.39 0.79 1.86 0.20 10.02 51 26 202 5.03 16.97 9.31 
18 2.52 1.36 0.78 1.82 0.20 5.17 43 12 273 4.93 16.63 9.13 
19 2.47 1.33 0.76 1.78 0.20 6.82 63 30 59 4.83 16.30 8.95 
20 2.42 1.30 0.75 2.70 0.19 7.15 3.99 57 28 4.73 15.98 8.77 
21 2.38 1.28 0.73 2.55 0.19 2.27 11.27 96 33 4.63 15.66 8.60 
22 2.33 1.25 0.72 2.45 0.18 1.90 15.29 140 27.71 15.38 15.35 8.43 
23 2.28 1.23 0.70 2.41 0.16 22.10 23.83 114 0.73 2.03 15.05 8.26 
24 2.24 1.20 0.69 2.36 2.15 56 61.86 35 6.98 1.88 14.75 810 
25 2.19 1.18 0.67 2.31 2.06 46 96.31 95.14 13.78 48.50. 14.46 7.93 
26 2.15 1.•16 0.66 2.27 2.02 37 86 58.11 3.78 9.35 14.17 7.78 
27 2.11 1.13 0.65 2.22 1.98 44 65.41 35.03 8.59 9.15 13.89 7.62 
28 2.07 1.11 0.63 2.18 1.94 85.10 48.71 19.84 10.68 11.17 13.62 7.47 
29 2.03 0.62 2.13 1.90 64.87 133 46.31 1.99 2.03 13.35 7.32 
30 1.99 0.61 2.35 1.86 56.17 174 20.13 73.05 4.90 13.08 7.18 
31 1.95 0.60 1.82 159 3.73 24 7.04 

Total 83 41 25 65 89 506 2154 1522 1459 230 532. 299 

t 

Annual runoff = 6924 	 Avg. Monthly runoff 	= 	577 
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Runoff 1998 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 6.90 3.71 2.12 2.45 0.36 0.24 177 20.38 69.35 4.32 9.36 5.13 
2 6.76 3.64 2.08 2.35 0.31 0.23 145 1.78 28.70 4.32 9.17 5.03 
3 6.63 3.57 2.04 2.31 1.75 0.23 125 17.11 43.42 43.32 8.99 4.93 
4 6.50 3.49 2.00 2.26 1.67 0.22 126 28.78 56.67 40.19 8.81 4.84 
5 6.37 3.43 1.96 2.22 1.64 0.22 124 10.26 31.24 14.95 8.64 4.74 
6 6.24 3.36 1.92 2.17 1.61 0.21 76.26 15.89 17.99 14.52 8.47 4.65 
7 6.12 3.29 1.88 2.13 1.57 0.21 68.90 13.45 27.96 0.00 8.30 4.55 
8 6.00 3.23 1.84 2.08 1.54 14.70 116 47.31 123 0.00 :8.13 4.46 
9 5.88 3.16 1.81 2.04 1.51 33.47 139 88.13 169 3.05 7.97 4.38 

10 5.76 3.10 1.77 2.43 1.48 1895 59.87 98.63 35.80 23.89 7.81 4.29 
11 5.65 3.04 1.74 2.35 10.48 12.53 79.06 97.56 146 30.23 7.66 4.20 
12 5.54 2.98 1.70 2.31 0.71 7.33 51.84 29.06 226 27.96 7.51 4.12 
13 5.43 2.92 1.67 2.26 3.24 6.36 24.15 16.72 160 18.34 7.36 4.04 
14 5.32 2.86 1.63 2.22 3.11 12.59 20.58 1.18 211 47.54 7.21 3.96 
15 5.21 2.80 1.60 2.17 7.98 6.94 0.58 1.11 150 75.82 7.07 3.88 

16 5.11 2.75 1.57 2.13 0.53 18.80 28.06 0.24 41.75 75.83 6.93 3.80 
17 5.01 2.69 1.54 2.08 0.51 10.94 4.48 1.36 26.45 67.48 6.79 3.73 
18 4.91 2.64 1.51 2.04 0.50 5.29 5.55 18.95 5.02 32.28 6.66 3.65 
19 4.81 2.59 1.48 1.99 0.49 27.56 4.14 16.53 0.37 7.12 6.53 3.58 
20 4.72 2.54 1.45 1.94 0.48 37.49 10.96 18.51 28.91 6.84 6.40 3.51 
21 4.62 2.49 1.42 2.28 0.47 35.42 3.73 6.29 9.93 6.70 6.27 3.44 
22 4.53 2.44 1.39 2.19 0.46 32.97 5.67 0.06 53.10 6.57 6.15 3.37 
23 4.44 2.39 1.37 2.14 0.46 38.66 17.56 4.99 31.60 6.44 6.03 3.31 
24 4.35 2.34 1.34 2.10 0.45 38.78 48.12 25.68 10.30 6.31 5.91 3.24 
25 4.27 2.30 1.31 3.30 0.36 36.27 63.32 71.43 44.54 6.19 5.79 3.18 
26 4.18 2.25 1.29 3.17 11.33 38.41 26.93 29.10 1.84 6.07 5.67 3.11 
27 4.10 2.21 1.26 3.11 0.27 45.15 41.43 38.26 3.40 31.29 5.56 3.05 
28 4.02 2.16 1.24 3.05 0.26 69.98 88.13 10.69 103 0.00 5.45 2.99 
29 3.94 1.21 2.99 0.25 65.03 167 3.80. 50.45 0.00 5.34 2.93 
30 3.86 1.19 2.68 0.25 114 92.62 1.81 30.13 9.93 5.24 2.87 
31 3.79 1.16 0.24 68.73 3.25 9.55 2.82 

Total 161 80.36 49.46 70.92 56.28 729 2009 738 1937 627 213 120 

Annual runoff = 6791 	 Avg. Monthly runoff 	= 	566 
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Runoff 1999 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV , DEC 
1 2.76 1.49 0.85 0.47 1.97 0.71 30.75 52.81 36.35 11.69 3.18 1.74 
2 2.71 1.46 0.83 0.46 1.93 6.43 29.73 71.93 25.99 14.44 3.11 1.71 
3 2.65 1.43 0.82 0.45 1.89 13.99. 19.16 90.08 37.84 11.86 3.05 1.68 
4 2.60 1.40 0.80 0.44 1.86 4.54 ' 18.18 63.94 64.16 98.63 2.99 1.64 
5 2.55 1.37 0.78 0.43 4.92 3.02 33.08 46.96 41.88 10.81 2.93 1.61 
6 2.50 1.34 0.77 0.42 11.90 2.87 41.22 70.23 38.26 20.11 2.88 1.58 
7 2.45 1.32 0.75 0.41 0.95 1.43 30.53 90.88 13.52 19.76 2.82 1.55 
8 2.40 1.29 0.74 0.40 1.78 0.71 55.83 62.19 17.51 0.00 2.76 1.52 
9. 2.35 1.27 0.72 2.38 1.65 5.72 101 68.83 26.01 2.54 2.71 1.49 

10 .2.31 1.24 0.71 2.30 2.90 7.11 38.28 10.47 46.24 '11.77 2.65 1.46 
11 2.26 1.22 0.69 2.26 5.16 25.21 20.21 14.89 31.60 15.18 2.60 1.43 
12 2.22 1.19 0.68 2.31 0.42 56.21 31.71 9.51 27.22 8.90 2.55 1.40 
13 ,2.17 1.17 0.67 2.22 0.38 14.76 47.74 9.56 33.99 2.10 2.50 1.37 
14 2.13 1.15 0.65 2.18 17.87 19.22 62.60 10.31 20.23 28.42 2.45 1.34 
15 2.09-  1.12 0.64 2.14 2.38 10.76 65.39 12.18 24.98 2.04 2.40 1.32 
16 2.05 1.10 0.63 2.09 2.38 29.07 52.95 8.57 50.33 44.09 2.35 1.29 
17 2.01 1.08 0.62 2.05 0.09 34.87 102 1.40 1.10 32.54 2.31 1.27 
18 1.97 1.06 0.60 2.01 0.27 61.84 89.20 12.62 0.37 60.07 2.26 1.24 
19 1.93 1.04 0.59 1.97 13.15 54.22 96.37 2.01 0.35 0.25 2.22 1.22 
20 1.89 1.02 0.58 1.93 14.40 56.91 44.06 8.15 0.35 0.22 2.17 1.19 
21 1.85 1.00 0.57 1.89 24.54 16.64 53.93 3.50 0.34 56.61 2.13 1.17 
22 1.81 0.98 0.56 2.38 4.65 13.50 79.10 0.41 0.33 77.55 2.09 1.15 
23 1.78 0.96 0.55 2.32 24.28 8.05 31.89. 0.12 0.33 18.09 2.05 1.12 
24 1.74 0.94 0.54 2.59 42.95 1.80 47.29 8.99 0.32 1.27 2.01 1.10 
25 1.71 0.92 0.53 2.22 19.80 14.11 97.35 24.50 21.38 56.46 1.97 1.08 
26 1.68 0.90 0.51 2.18 .6.69 0.12 83.92 23.71 2.20 1.27 1.93 1.06 

' 27 1.64 0.88 0.50 2.14 13.91 6.19 84.55 15.50 2.11 27.09 1.89 1.04 
28 1.61 0.87 0.49 .2.09 1.61 0.00 82.68 2.79 -0.00 52.34 1.85 1.02 
29 1.58 0.48 2.05 0.09 5.60 93.37 5.56 1.84 '80.45 1.82 1.00 
30 1.55 0.48 2.01 5.25 2.00 87.24 4.38 1.72 3.37 1.78 0.98 
31 1.52 f 0.47 4.45 70.52 7.61 3.24 0.96 

Total 64.45 .32.18 19.81 51.21 236 478 1822 815 569 773 72.41 40.70 

Annual runoff = 4909 	 Avg. Monthly runoff = 409 
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Runoff 2000 

.Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1 0.94 0.50 0.28 0.15 2.30 6.48 41.63 0.00 69.45 115 9.99 5.48 
2 0.92 0.49 0.28 0.15 3.15 8.18 29.99 1.18 267 10.73 9.79 5.37 
3 0.90 0.48 0.27 2.34 3.03 7.85 3.27 19.87 158 2.54 9.60 5.27 
4 0.88 0.48 0.27 2.28 2.97 9.27 32.21 6.46 96.21 4.35 9.41 5.16 
5 0.87 0.47 0.26 2.19 3.52 11.51 14.97 2.20 11.27 1.37 9.22 5.06 
6 0.85 0.46 0.26 2.14 0.74 74.34 14.54 2.17 21.32 2.54 9.04 4.96 

7 0.83 0.45 0.25 2.10 0.71 33.10 53.30 27.69 43.51 2.54 8.86 4.86 
8 0.82 0.44 0.25 2.06 0.69 34.45 109 48.79 2.02 25.55 8.69 4.77 
9 0.80 0.43 0.24 2.02 1.25 22.37 94.29 41.20 21.69 11.81 8.51 4.67 

10 0.78 0.42 0.24 2.26 23.75 17.75 115 34.18 13.41 32.59 8.34 4.58 
11 0.77 0.41 0.23 2.14 22.74 16.54 203 44.13 2.02 12.55 8.18 4.49 
12 0.75 0.41 0.23 2.27 24.75 12.17 177 19.55 1.29 12.00 8.02 4.40 
13 0.74 0.40 0.22 2.14 0.00 4.89 148 0.24 76.90 0.00 7.86 4.31 
14 0.72 0.39 0.22 2.10 0.00 5.69 94.36 0.19 47.56 16.57 7.70 4.23 
15 0.7I 0.38 0.21 2.06 0.18 6.79 23.44 11.19 3.67 6.61 7.55 4.14 
16 0.70 0.37 0.21 2.38 2.67 61.77 73.83 14.60 3.53 6.34 7.40 4.06 
17 0.68 0.37 0.21 2.27 14.05 32.44 63.59 10.90 3.46 6.22 7.25 3.98 
18 0.67 0.36 0.20 2.41 27.11 44.88 33.61 12.18 3.39 6.09 7.11 3.90 
19 0.65 0.35 0.20 2.40 25.10 49.88 21.98 35.23 20.07 0.00 6.97 3.83 
20 0.64 0.35 0.19 2.31 1.34 36.54 15.13 41.10 80.24 0.00 6.83 3.75 
21 0.63 0.34 0.19 2.26 0.80 6.67 1.02 90.76 10.38 0.51 6.70 3.68 
22 0.62 0.33 0.19 2.22 0.98 1.99 0.00 121 64.76 12.45 6.56 3.60 
23 0.60 0.33 0.18 2.95 0.90 6.83 0.47 113 0.00 11.96 6.43 3.53 
24 0.59 0.32 0.18 2.31 1.50 2.82 0.39 119 10.36 11.72 6.31 3.46 
25 0.58 0.31 0.17 2.22 1.52 5.83 0.31 127 100 11.49 6.18 3.39 
26 0.57 0.31 0.17 2.17 8.75 4.66 5.38 41.75 9.25 11.26 6.06 3.33 
27 0.56 0.30 0.17 2.13 3.11 13.08 10.52 44.37 7.00 11.04 5.94 3.26 
28 0.55 0.29 0.16 2.09 4.45 14.87 21.49 67.60 6.61 10.82 5.82 3.20 
29 0.54 0.29 0.16 2.05 1.25 12.50 2.40 43.34 15.71 10.61 5.71 3.13 
30 0.53 0.16 2.01 5.05 17.62 1.20 23.46 11.02 10.40 5.59 3.07 
31 0.51 0.16 10.07 0.73 	- 16.50 10.19 3.01 

Total 21.89 11.22 6.59 62.59 198 584 1407 1180 1182 388 228 128 

Annual runoff = 5396 Avg. Monthly runoff = 450 
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Runoff 2001 

Date JAN ' FEB MAR APR • MAY JUN JUL AUG SEP OCT NOV DEC 
1 2.95 1.59 0.91 0.49 2.19 0.17 24.02 13.32 9.69 , 12.32 6.40 3.51 
2 2.89 1.56 0.89 0.48 2.14 0.17 36.89 32.46 1.10 1.40 6.27 3.44 
3 2.83 1.52 0.87 0.47 0.27 0.16 88.75 41.56 2.20 2.80 6.15. 3.37 
4 2.78 1.49 - 0.85 0.46 0.25 0.72 78.89 50.23 2.11 2.69 6.03 3.31 
5 2.72 • 1.46 0.84 0.45 0.71 17.72 91.37 29.72 2.07 2.63 5.91 3.24 
6 2.67 1.44 0.82 0.44 0.69 9.70 '91.37 37.00 0.00 -2.47 5.79 3.18 
7 2.62 1.41 0.80 0.43 0.67 16.46 132 38.59 0.00 0.00 5.68 3.11 
8 2.56 1.38 0.79 2.26 0.66 11.37 .17.3 17.51 0.37 0.47 5.56 3.05 
9 2.51 1.35 0.77 2.26 0.65 11.62 121 9.84 2.94 3.74 5.45 2.99 

10 2.46 1.33 0.76 2.58 0.63 24.35 157 20.30 2.82 3.59 5.34 2.93 
11 2.41 1.30 0.74 2.78 0.62 45.01 74.44 14.55 2.77 3.52 5.24 2.88 
12 2.37 1.27 0.73 2.98 0.61 58.14 40.72 25.57 0.16 0.21 5.14 2.82 
13 2.32 1.25 0.71 2.29 0.60 51.83 45.10 43.46 0.16 0.20 5.03 .2.76 
14 2.27 1.22 0.70 2.55 0.58 81.41 23.97 46.39 46.40 58.98 4.93 2.71 
15 2.23 1.20 0.68 2.24 0.57 54.76 17.25 47.40 2.11 2.68 4.84. 2.65 
16 2.19 1.18 0.67 2.32 0.56 44.19 48.96 41.87 21.25 27.01 4.74 2.60 
17 2.14 1.15 0.66 2.46 0.55 20.39 43.44 46.14 -. 0.00 0.00 4.65 2.55 
18 2.10 1.13 0.65 2.31 	. 0.48 75.04 24.04 •62.48 5.51 7.00 4.55 2.50 
19 2.06 1.11 0.63 2.27 0.00 26.66 10.91 25.92 - 225 286 4.46 2.45 
20 2.02 1.09 0.62 2.32 0.45 12.19 27.52 49.02 50.89 64.68 4.38 2.40 
21 1.98 1.06 0.61 2.28 0.98 13.39 24.52 59.26 10.93 13.89 4.29 2.35 
22 1.94 1.04 0.60 2.39 0.76 30.02 11.56 28.85 6.53 8.30 4.20 2.31 
23 1.90 1.02 0.58 2.31 4.32 25.28 27.01 45.40 71.65 91.06 4.12 2.26 
24 1.86 1.00 0.57 2.22 7.90 32.95 38.93 19.73 5.96 7.57 4.04 2.22 
25 1.83 0.98 0.56 2.18 10.53 7.17 4.03 17.83 36.95 46.96 3.96 2.17 
26 1.79 0.96 0.55 2.14 16.10 13.96 9.75 6.69 18.74 23.82 3.88 2.13 
27 1.75 0.94 0.54 2.09 9.71 7.66 27.33 9.84 28.10 35.72 3.80 2.09 
28 1.72 0.92 0.53 2.05 11.26 9.79 23.68 10.33 21.50 27.33 3.73 2.05 
29 1.68 0.52. 2.01 5.79 7.57 29.46 10.46 12.75 16.21 3.66 2.01 
30 1.65 0.51 2.27 2.97 5.65 12.25 9.90 5.35 6.79 3.58 1.97 
31 1.62 0.50 0.18 3.51 8.17 6.53 1.93 

Total 68.83 34.36 21.15 56.75 84.37 715 1563 920 596 767 146 81.95 

Annual runoff 	= 	4985 	 Avg. Monthly runoff . = 	415 
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Runoff 2002 

Date JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
1 1.89 1.02 0.57 0.31 2.12 2.95 27.99 19.21 49.23 13.22 2.39 1.31 
2 1.85 1.00 0.56 0.30 2.08 8.88 24.77 23.71 38.64 12.99 2.35 1.29 
3 1.82 0.98 0.55 0.29 2.04 11.29 25A1 32.60 42.80 30.10 2.30 1.26 
4 1.78 0.96 0.54 0.29 0.09 2.25 26.69 28.98 26.16 29.64 2.25 1.24 
5 1.74 0.94 0.53 2.28 0.09 0.67 26.28 59.24 100 0.00 2.21 1.21 
6 1.71 0.92 0.51 2.29 0.08 0.34 4.65 64.95 179 0.00 2.17 1.19 
7 1.68 0.90 0.50 2.18 0.08 0.39 3.39 38.29 58.13 16.45 2.12 1.17 
8 1.64 0.88 0.49 2.27 0.08 8.98 6.32 57.84 112 23.25 2.08 1.14. 
9 1.61 0.87 0.48 2.26 0.08 22.85 25.44 58.87 81.57 13.70 2.04 1.12 

10 1.58 0.85 0.48 2.60 0.08 2.14 33.52 78.62 1.84 13.35 2.00 1.10. 
11 1.55 0.83 0.47 2.36 0.08 1.29 62.02 69.84 20.11 78.04 1.96 1.08 
12 1:52 0.82 0.46 2.35 0.07 3.45 72.20 107 14.66 118 1.92 1.05 
13 1.49 0.80 0.45 2.35 0.81 11.75 17.81 98.95 0.00 97.42 1.88 1.03 
14 1.46 0.78 0.44 2.34 0.78 26.26 15.11 42.05 30.01 31.55 1.85 1.01 
15 1.43 0.77 0.43 2.25 0.77 17.23 10.21 41.94 36.84 2.35 1.81 0.99 
16 1.40 0.75 0.42 2.21 4.82 11.31 45.05 151 4.56 2.29 1.77 0.97 
17 1.37 . 	0.74 0.41 2.16 6.11 8.02 7.03 91.54 0.73 12.96 1.74 0.95, 
18 1.34 0.72 0.41 2.12 6.16 18.57 6.37 114 0.71 0.00 1.70 0.94 
19 1.32 0.71 0.40 2.08 5.88 18.64 16.45 58.97 0.69 8.50 1.67 0.92 
20 1.29 0.69 0.39 2.04 1.57 29.56 8.44 47.00 0.68 4.99 1.64 0.90 
21 1.27 0.68 0.38 2.00 1.43 32.15 4.59 24.94 0.66 3.45 1.60 0.88 
22 1.24 0.67 0.37 1.96 6.89 42.52 17.90 12.55 0.65 3.31 1.57 0.86 
23 1.22 0.65 0.37 1.92 1.97 68.28 14.40 12.32 0.64 3.25 1.54 0.85 
24 1.I9 0.64 0.36 1.88 1.97 48.01 5.09 2527 0.63 3.18 1.51 0.83 
25 1.17 0.63 0.35 1.84 0.53 27.88 12.48 8.95 0.61 3.12 1.48 0.81 
26 1.15 0.62 0.35 1.81 0.47 34.01 5.79 3.79 0.60 3.06 1.45 0.80 
27 1.12 0.60 0.34 2.34 0.40 17.38 13.28 0.83 0.59 3.00 1.42 0.78 
28 1.10 0.59 0.33 2.25 0.33 5.08 7.92 0.71 11.39 26.34 1.40 0.77 
29 1.08 0.58 0.33 2.21 2.73 3.10 10.00 0.69 2.20 11.34 1.37 0.75 
30 1.06 0.32 2.16 3.62 4.13 9.23 0.00 23.51 2.54 1.34 0.74 
31 1.04 0.31 0.62 16.67 0.36 2.44 0.72 

Total 44.08 22.59 13.28 57.70 54.83 489 582 1374 840 574 54.55 30.66 

Annual runoff = 4338.05 	 Avg. monthly runoff = 344.84 
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Runoff 2003 

Date JAN FEB MAR . APR MAY JUN JUL AUG SEP OCT NOV DEC 
1 0.71 0.38 0.22 _ 0.12 1.93 0.17 31.09 13.13 75.22 27.12 2.63 1.45 
2 0.69 -0.37 0.21 ' 0.11 1.89 0.17 13.45 13.76 23.10 4.57 •2.58 1.42 
3 0.68 0.37 0.21 0.1I 1.85 0.17 26.10 15.42 62.00 28.26 2.53 1.39 
4 0.67 0.36 0.20 0.11 1.82 0.20 59.26 9.47 23.15 25.96, 2.48 1.36 
5 0.65 0.35 0.20 0.11 0.09 2.43 66.62 15.74 71.78 34.54 2.43 1.33 
6 0.64W 0.34 0.20 0.11 0.09 '1.96 25.95 48.74 57.31 16.83 2.38 1.31 
7 0.63 0.34 0.19 0:10 0.08 1.69 39.11 74.54 40.25 44.86 2.34 1.28 
8 0.61 0.33 0.19 0.10 0.08 1.10 31.26 21.24 42.06 ' 11.50 2.29 1.26 
9 0.60 0.32 0.19 2.26 0.08 2.92 20.11 19.69 17.98 5.26 2.24 1.23 
10 0.59 0.32 0.18 2.32 0.08 5.14 33.15 7.23 6.69 1.40 2.20 1.21 
11 0.58 0.31 0.18 2.37 0.08 9.56 11.44 4.47 3.67 19.07 2.16 1.18 
12 0.57 0.31 0.17 2.50.. 0.08 19.36 20.04 9.07 9.19 ' 0.64 2.11 1.16 
13 0.56. 0.30 0.17 2.35 0.07 9.45 32.07 14.56 11.73 0.25 2.07 1.14 
14 0.54 0.29 0.17 2.28 0.07 24.52 46.62 19.18 45.76 -. 4.07 2.03 1.11 
15 0.53 0.29 0.16 2.19 0.07 19.40 54.80 25.47 62.29 1.14 1.99 1.09 
16 0.52 0.28 0.16 2.29' 0.07 18.43 105 12.20 28.80 2.63 1.95 1.07 
17 0.51 0.28 0.16 2.27 0.07 16.65 67.86 16.42 14.87 1.92 1.91 1.05 
18 0.50 0.27 0.15 2.19 - 0.07 35.08 14.68 19.49 29.14 25.09 1.87 1.03 
19 0.49 0.27 0.15 2.27 0.07 61.00 5.79 9.60 50.33 11.87 1.84 1.01 

20 0.48 0.26 0.15 2.29 0.18 35.33 5.28 149 5.14 12.62 •: 1.80 0.99 
21 0.47 0.25 0.15 2.29 0.36 36.60 11.97 49.41 1.47 23.39 1.77 0.97 
22 0.46 0.25 0.14 2.35 0.13 63.91 28.56 65.11 0.00 16.82. 1.73 0.95 
23 0.46 0.24 0.14 2.26 .0.89 16.78 63.16 49.47 41.65 10.25 _1.70 0.93 
24 0.45 0.24 0.14 2.22 1.34 10.82 69.08 22.88 2.17 2.54 1.66 0.91 
25 0.44 0.24 0.13 2.17 1.39 7.41 71.51 41.10 8.93 1.91 1.63 0.89 
26 0.43 0.23 0.13 2.13 2.15 7.21 67.88 12.06 6.83 1.83 1.60 0.88 
27 0.42 0.23 0.13 2.09 1.75 9.89 , 	110 28.89 6.06 1.80 1.57 0.86 

28 0.41 0.22 0.13 2.05 2.02 4.44 85.03 16.07 15.33 .1.76 1.53 0.84 

29 0.40 0.12 2.01 0.71 9.86 10.32 19.35 1.65 1.73 1.50. 0.83 

30 0.40 0.12 1.97 0.18 7.42 6.89 11.15 4.23 ! .2.80 1.47 0.81 
31 0.39 0.12 0.00 4.99 12.00 2.69 0.79 

Total 16.49 8.23 5.07 49.96 19.72 439' 1239 846 769 346 60.00 33.72 

Annual runoff = 3832.98 	 Avg. monthly runoff = 319.41 
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Like only for all other years arrange the data for data refer appendix A, B, C and drawn the 
flow duration curves given below 
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Appendix E 

Year 1988 1989 1990 1991 
% excedence 
time 

Energy value 
(MW) 
secondory 
energy 1482.361 1299.33 4829.287 1789.151 

35 Total enegy 7050.283. 7284.387 9801.313 7244.801 
30 Total enegy 9656.224 11588.95 14642.39 10225.03 
25 Total enegy 14944.45 17651.32 21708.73 15257.18 
20 Total enegy 19777.53 24502.51 29813.94 20855.99 
19 Total enegy 21512.56 26271.96 31239.58 22960.38 
18 Total enegy 22423.86 27124.07 32555.77 24148.47 
17 Total enegy 23257.77 27913.86 33761.22 24527.06 
16 Total enegy 26268.86 30668.81 37828.32 29128.17 
15 Total enegy 27365.05 31053.47 38408.16 29752.89 
14 Total enegy 27777.55 31575.58 39566.79 30750.71 
13 Total enegy 27945.34 31702.13 39775.72 30951.97 
12 Total enegy 29449.2 32782.81 41643.75 32720.94 
11 Total enegy 30047.81 33195.64 42394 33415.51 
10 Total enegy 30336 33879.36 43937.51 34615.2 
5 Total enegy 40875.29 41298.93 55638.9 45756.21 

Year 1992 1993 1994 1995 

% excedence 
time 

Energy 
value 
(MW) 
secondory 
energy 326.3958 718.6897 1532.503 2670.358 

35 Total enegy 5267.696 5803.402. 7313.064 8386.885 
30 Total enegy 8229.196 8936.389 11326.36 11973.63 
25 Total enegy 12653 13855.79 17508.8 16854.04 
20 Total enegy 18352.92 19076.86 23458.96 21331.29 
19 Total enegy 20639.9 21327.75 26484.01 23331.28 
18 Total enegy 21779.48 22355.34 27791.09 24242.46 
17 Total enegy 22834.06 23278.87 29000.27 25073.71 
16 Total enegy 26553.58 26371.34 33251.74 28009.09 
15 Total enegy 26837.33 26725.8 33931.15 28525.33 
14 Total enegy 28186.44 27558.19 34815.12 29148.16 
13 Total enegy 28394.15 27770.13 35022.37 29299.58 
12 Total enegy 30285.01 29070.1 37006.02 30607.94 
11 Total enegy 30989.43 29601.52 37829.55 31139.35 
10 Total enegy 31193.08 30626.38 39022.05 32269.11 
5 Total enegy 47559.89 39570.57 54526.42 40800.75 
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Year 1996 1997 1998 1999 
% excedence 
time Energy value (MW) 

secondory energy 2667.126 3259.277 4731.072 2550.99 
35 Total enegy 8222.46 8954.226 9839.146 8085.383 
30 Total enegy 12248.16 13363.3 14876.77 11445.56 
25 Total enegy 18240.1 20828.95 21354.31 16831.55 
20 Total enegy 24554.19 28844.37 27915.96 23681.36 
19 Total enegy 26199.34 31260.86 30270.02 25870.3 
18 Total enegy 27207.93 32597.31 31570.13 27119.02 
17 Total enegy 28103.56 33802.78 32754.55 28257.65 
16. Total enegy 31045.01 37821.4 36874.02 32131.8 
15 Total enegy 30942.06 38295.22 37045.59 32922.81 
14 Total enegy 32101 39519.66 38850.71 33850.48 
13 Total enegy 32256.12 39728.59 39084.64 34056.26 
12 Total enegy 33703.81 41678.54 41222.56 35926.73 
11 Total enegy 34301.62 42398.26 42034.45 36683.78 
10 Total enegy 35789.27 44173.91 43588.84 37130.21 

5 Total enegy 45298.44 59916.74 57556.4 51830.59 

Year 2000 2001 2002 2003 
% excedence 
time Energy value (MW) 

secondory energy 2464.249 2976.43] 1796.956 1261.608 

35 Total enegy 7928.938 9045.158 7141.64 6595.83 

30 Total enegy 12538.17 12624.94 9925.653 9891.441 

25 Total enegy 18657.54 17826.72 14687.22 14917.35 

20 Total enegy 24835.42 24930.54 20052.37 20885.03 

19 Total enegy 26416.96 27072.87 21975.84 23108.82 

18 Total enegy 27397.2 28155.48 22958.22 24154.38 

17 Total enegy 28343.65 29133.16 23835.72 25116.87 

16 Total enegy 31458.09 32530.04 26845.85 28212.7 

15 Total enegy 32547.79 33302.95 27382.95 28453.8 

14 Total enegy 33190.01 33876.66 28113.72 29083.27 

13 Total enegy 33351.46 34047.61 28263.16 29232.06 

12 Total enegy 34820.75 35543.19 29569.82 30580.44 

11 Total enegy 35430.51 36129.02 30080.98 31093.11 

10 Total enegy 36799.82 37357.41 31156.36 32004.21 

5 Total enegy 47551.23 46627.85 39764.92 41018.46 
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As the selling cost is assumed as 2.9/KWhr and 2% increase in cost up to 10 years 

benefits valuesr are as follows 

excede 
nce 
time 

Avg energy 
production 
(MWhr) Total benefit (Rs.) 

Annual 
benefit(Rs.)  

35 7747.788289 364258746.2 22766171.64 
30 11468.26173 539175114.8 33698444.67 
25 17111.0657 804468979.3 50279311.21 
20 23304.32718 1095642354 68477647.13 
19 25371.40052 1162247429 72640464.33 
18 26473.76361 1197767687 74860480.41 
17 27437.17284 1228810583 76800661.44 
16 30937.42719 1341595505 83849719.05 
15 31468.2735 1479466581 92466661.31 
14 32372.75277 1521990263 95124391.41 
13 32555.08084 1530562334 95660145.88 
12 34163.22443 1606168474 100385529.6 
11 34797.78329 1636001971 102250123.2 
10 35867.41978 1686290444 105393152.8 
5 47224.47562 2220237265 138764829 
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