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Abstract— Hydropower is among the most widely used type 

of renewable energy. Oppositions to big hydropower 

projects with reservoirs increased the use of small 

hydropower plants. Development of a small hydropower 

project is a challenging engineering task. Small hydropower 

plant has the capacity to produce about 100 KW of 

electricity. This paper deals with the feasibility of minor 

hydropower plant to be developed at Karai canal Sabarmati 

escape structure so that the water flowing at such escape 

structure can be useful to develop small scale electricity for 

the people of Karai. By obtaining proper head level and 

sufficient discharge, if the small hydro power plant can be 

developed then it could be useful to the Karai area 

population and nearby area also. 
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I. INTRODUCTION 

Energy is one of the most fundamental elements of our 

universe. It is inevitability for survival and indispensable for 

development activities to promote education, health, 

transportation and infrastructure for attaining a reasonable 

standard of living and is also a critical factor for economic 

development and employment. In a hydropower system, the 

energy present in water is converted into mechanical or 

electrical energy by the use of hydropower plant. Generic 

hydro power systems can be categorized in many different 

ways. Some of the methods of classification are based on 

how the electricity is generated by the plant, what kind of 

grid system is utilized for the distribution of electricity, the 

type of load capacity and the type of storage used by the 

system. 

The main advantages of investing into further hydropower 

development are summarized below: 

 No fuel burnt causing minimal pollution 

 Low operation and maintenance costs 

 Reliable and historically proven technology 

 Water is free and completely renewable through 

continued rainfall 

Micro-hydro-electric power plants are one of an 

alternative source of energy generation. They are the 

smallest type of hydro-electric energy systems. They 

generate between (5) and (100) Kilowatt of power when 

they are installed across rivers and streams. The advantages 

of micro-hydro-electric power plant have over the fossil and 

nuclear power plants are: 

 Has ability to generate power near when its needed 

 It can deal more economically with varying peak 

load demand, while the fossil-fuel or nuclear power 

plants can provide the base load only, due to their 

operational requirements and their long start-up 

times. 

 It is able to start-up quickly and make rapid 

adjustments in output power. 

 It does not cause pollution of air or water. 

 It has low failure rate, low operating cost and is 

reliable. 

 In particular, the advantages that micro-hydro-

electric power plant has over the same size wind, 

wave and solar power plants are: 

 High efficiency (70-90%), by far the best of all 

energy technologies. 

 High capacity factors (> 50%) compared with 10% 

for solar and 30% for wind power plant. 

Generally, hydropower plants (HPP) generating less than 

100kW of electricity are termed as micro HPP, those 

generating 100 to 1000 kW are termed as mini HPP, those 

anywhere between 1 MW to 10 MW are termed as small 

HPP,  between 10 MW to 300 MW are termed as medium 

HPP and those with the power generating greater than 300 

MW are termed as large HPP. 

Power Generation Capacity 

(Watts) 

Type of Hydro Power 

Plant 

<100 kW Minor 

100-1000 kW Mini 

1MW-10 MW Small 

10MW-300 MW Medium 

>300 MW Large 

Table 1: Classification of Hydro Power Plant 

 Although variations in definitions exist this is the 

most commonly accepted definition  

 There are various types of turbine which can be 

categorized in one of several ways. The choice of 

turbine will depend mainly on the pressure head 

available and the design flow for the proposed 

hydropower installation. As shown in table below, 

turbines are broadly divided into Three groups; 

high, medium and low head, and into two 

categories: impulse and reaction. 

 Head pressure 

TURBINE 
LOW 

HEAD 

MEDIUM 

HEAD 

HIGH 

HEAD 

Impulse Crossflow 

Crossflow 

Turgo 

Multi-jet Pelton 

Pelton 

Turgo 

Multi-jet 

Pelton 

Reaction 
Propeller 

Kaplan 

Francis 

Pump-as-

turbine 

(PAT) 

- 

Table 2: Classification of Turbine 

II. ABOUT THE KARAI CANAL 

Narmada main canal crosses the river Sabarmati near village 

karai, Ta and dist. Gandhinagar. Sabarmati Escape from 

Narmada Main Canal (NMC) located about 10 kms from the 

Ahmedabad Airport, Gujarat. 

A canal syphon cum cross regulator structure is 

constructed on Narmada main canal at ch.229.920 km to 

cross river Sabarmati. Seven rivers Sabarmati, Shedhi, 
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Saidak, Mohar, Watrak, Meshwo and Khari would be 

crossing the main canal in Phase II construction work. This 

canal on Sabarmati River is the largest among all. The 

structure near Gandhinagar is 614 meters wide of which 335 

meters comes under river portion. 

The structure can carry 31,135 cusec of water. 

Vyas that there would be nine barrels divided into three 

monoliths. The depth of the foundation is approximately 15 

meters below the river bed. To prevent water flowing into 

the construction work, large numbers of pumps are installed 

for pulling out the water. 

Length = 614 m.Discharge carrying capacity of 

Sabarmati syphon structure is @ 881.6 cumecs 

(31135cusecs)There are 9 number of radial gates having 

size@ 6.25 to 8.30 m , installed in cross regulator 

 
Fig. 1: View of Escape Fall 

Maximum discharge 

capacity 
450cumecs 

No. of falls: 3 1
st
 fall- 8m(35m long) 

 2
nd

 fall- 6m(30m long) 

 3
rd

 fall- 6m(25m long) 

Total length of structure 203.45m 

Total length of tail length 610m 

a)Lined 430m 

b) Unlined 180m 

Bed width of tail channel 70m 

Side slope of tail channel 1.5: 1 

Type, Nos, and size of gates 
Radial gates, 3 Nos, 7m x 

8.30 m 

Table 3: Salient Feature of Sabarmati Escape Structure 

 
Fig. 2: Sabarmati Escape Structure 

From the features of Sabarmati Escape Structure,  

there are possibilities of developing Minor Hydro Power 

Plant by getting sufficient flow rate and water head level 

that is useful to generate the power which exists in the limit 

of Minor Hydro Power plant i.e. less than 100kw. 

III. METHODOLOGY AND ANALYSIS 

By collecting the data of discharge occurring at escape 

structure and also the head water level data of past three 

years (2012 to 2014) from Sardar Sarovar Narmada Nigam 

Limited, Gandhinagar N.P Canal Division no2, further 

calculation for power generation is done and so the 

feasibility is checked for the development of minor hydro 

power plant. The potential power can be calculated as 

follows: 

Theoretical power (P) = Flow rate (Q) x Head (H) x Gravity 

(g) = 9.81 m/s2  

When Q is in cubic meters per second, H in meters and g = 

9.81 m/s2 then, P = 9.81 x Q x H (kW) 

Month 
Avg 

Discharge(cusec) 

Avg 

head 

Monthly  

Power 

(KW) 

Jan 730.716129 6.9 0.05 

Feb 386.1266667 6.1 0.04 

March 830.2535714 6.8 0.03 

April 1571.332258 6.8 0.02 

May 361.3580645 7.0 0.02 

June 548.8366667 7.0 0.02 

July 1207.509677 6.9 0.03 

Aug 1316.516129 7.0 0.20 

Sept 1421.67 7.0 0.39 

Oct 865.5709677 6.5 0.07 

Nov 576.45 6.8 0.05 

Dec 720.6129032 6.8 0.06 

Table 4: For year 2012 

Month 
Avg 

Discharge(cusec) 

Avg 

head 

Monthly  

Power 

(KW) 

Jan 825.6964516 6.9 0.06 

Feb 640.7739286 5.5 0.03 

March 189.9529032 6.8 0.01 

April 159.9533333 6.6 0.01 

May 165.516129 7.0 0.01 

June 58.17336667 6.8 0.004 

July 3054.829355 6.9 0.21 

Aug 5820.580645 7.0 0.40 

Sept 278.8204667 7.0 0.02 

Oct 4867.767742 7.0 0.33 

Nov 27.68603333 6.8 0.002 

Dec 193.5632258 6.9 0.01 

Table 5: For year 2013 

Month 
Avg 

Discharge(cusec) 

Avg 

head 

Monthly  

Power 

(KW) 

Jan 317.3494516 6.9 0.02 

Feb 149.7785714 6.2 0.01 

March 423.4206452 7.0 0.03 
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April 218.7233333 6.6 0.01 

May 224.8480968 7.0 0.02 

June 223.7266667 6.6 0.01 

July 632.2741935 4.3 0.03 

Aug 1177.592903 6.8 0.08 

Sept 159.9541667 7.0 0.01 

Oct 73.60225806 7.0 0.01 

Nov 303.5433333 7.0 0.02 

Dec 633.3764516 6.9 0.04 

Table 6: For year 2014 

 
Fig. 3: Graph Showing AVG Monthly Power in Kw 

IV. CONCLUSION 

As per the calculation, the monthly power generation 

capacity is between the limit 0- 100 kW i.e. in the limit of 

minor hydro power plant. So there is possibilities to 

construct minor hydro power plant by proper designing its 

various components that are needed to construct ant hydro 

power plant which could be beneficial in coming years to 

the nearby village people of karai and other neighborhood 

areas. This minor hydro power plant could be constructed in 

lesser cost in comparison to large hydro power plant. 

Further no need of construction of dam or other such water 

storage structure to run hydro power plant as this minor 

hydro power plant could be operated in runoff water area. 
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