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Abstract:  The northeastern region of India has huge potentiality of large, small, mini, micro and pico hydro projects, but the 
perceptible emphasis is given only in large and mega hydro projects. The mega hydro projects are being criticized 
because of the geographical disadvantage of the region which experiences more often the problem of compounded 
disasters. However, small multipurpose hydro projects coupled with irrigation based canal networks, could ensure the 
socio-economic security, livelihood security, water security and food security. Small steams in hilly areas lies in the 
state of Assam are having huge potential for harnessed by decentralized power generation through small hydro 
projects. The hilly watershed of Kaliyani River in Assam (India) was considered for assessment of small hydropower 
potential and development of flow irrigation projects. The approach uses flow data of an analogue Killing River in the 
present study to generate the data for the ungauged Kaliyani River. The concerned catchment was delineated based on 
predefined characteristics such as elevations, land uses, rainfall and soils types using GIS platforms. Available natural 
head and design discharges were determined and the hydropower potentials for the Kaliyani River were estimated. A 
total of 8 sites could be identified as potential locations for hydropower generation in the study watershed. The 
Kaliyani watershed is having potential of generating 26.24 MW of power via small to mini multipurpose hydropower 
projects. 
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1. INTRODUCTION 

Hydropower is a naturally occurring renewable energy resource with a vast and widely 
distributed potential for further development, especially in developing countries. This is in sharp 
contrast to the widely reported trend of global warming caused by increased release of carbon 
dioxide and other greenhouse gases mainly due to the burning of fossil fuels which is considered as 
one of the major environmental threats (Ruddiman 2008). The energy of water in the form of 
hydropower is considered as the most significant natural renewable source for the generation of 
electricity due to its efficient production, low environmental cost, least emission of greenhouse gas 
(GHG) unlike fossil fuel (Kurse et al. 2010; Saraf and Kumar 2006). 

Globally, electricity generation from hydropower projects achieved a record 4,200 terawatt hours 
(TWh) in 2018, the highest ever contribution from a renewable energy source according to the 
Hydropower Status Report 2019 (IHA 2019). More than 21.8 GW of renewable hydroelectric 
capacity was put into operation in 2018 with China added the most capacity with the installation of 
8,540 megawatts, followed by Brazil (3,866 MW), Pakistan (2,487 MW), Turkey (1,085 MW), 
Angola (668 MW), Tajikistan (605 MW), Ecuador (556 MW), India (535 MW), Norway (419 MW) 
and Canada (401 MW) (IHA 2019).  

India ranks fifth in the world in terms of hydropower potential. Its theoretical hydropower 
potential is estimated to be 2,638 terawatt hours per year (TWh yr−1) (WEC 2007). According to the 
reassessment study by Central Electricity Authority (CEA), the economically exploitable 
hydropower potential in terms of installed capacity as 148,701 MW out of which only 27.95% 
(40,613.6 MW) in operation and 7.45% (10,829.5 MW) are under execution as on 31.03.2019 (CEA 
2019). Thus, the bulk of the potential (64.6%) remains to be developed. The hydropower potential 
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is largest in the NE region with 88% of it still untapped (CEA 2019). According to the estimates of 
the North Eastern Electric Power Corporation (NEEPCO), the north-eastern region has the potential 
of about 58,971 MW hydropower, i.e. almost 40% of the country’s total hydro potential; but out of 
this only less than 2% (1,095MW) has so far been harnessed (Borah 2007). As per the report status 
of hydroelectric power potential listed by Central Electricity Authority (CEA) out of the total 
capacity of 65,400 MW, only 3,974 MW has been tapped and another 3,853 MW is under 
development, which amounts to less than 12% (CEA 2019). 

But, the region ranks lowest in the country in terms of power generation and per capita energy 
consumption, in spite of such huge potential, mainly due to lack of proper planning, inhospitable 
climatic conditions, remote location and inaccessibility. Over the last few years, consumption of 
energy in Assam appears to be increasing; this could be because of more economic activity in 
Assam, vis-à-vis neighboring states.  

The northeastern region has huge potentiality of large, small, mini, micro and pico hydro 
projects, but the perceptible emphasis is given only in large and mega hydro projects. The mega 
hydro projects are being criticized because of the geographical disadvantage of the region which 
experience more often the problem of compounded disasters. However, small multipurpose hydro 
projects (less than 10 MW), mini multipurpose hydro projects (less than 1,000 KW), micro 
multipurpose hydro projects (less than 100 KW) and pico (less than 5 KW) hydro projects (Todd 
2003) could ensure the socio economic, livelihood, water and food security. These could be 
effective alternatives to mega dams. However, very little work is being done to explore these hidden 
treasures of power so far. Run of the river (RoR) mode (with and without small storage) of power 
generation has become a favorite amongst most of the countries across the globe in general and 
developing countries in particular (Kumar and Katoch 2014). In the absence of any sizable 
reservoir, the RoR projects can minimize the social and environmental impact. Furthermore, the 
flow pattern of the river remains essentially unchanged, which reduces downstream impacts of the 
project, particularly in hilly regions, where big gradient becomes available in short distances. 

Various workers have described the potential of small hydropower in N-E India, particularly in 
the state of Assam. The hilly areas of the State have good hydro potential, as small streams can be 
harnessed for decentralized power generation through small hydro development (Nath 2015). These 
hilly areas mainly fall within the two hill districts - Karbi Anglong and North Cachar Hills (Baruwa 
2006). In Assam, mainly two agencies, Assam State Electricity Board (ASEB) and the Assam 
Energy Development Agency (AEDA), are involved in survey, preliminary investigation, 
preparation of Detailed Project Reports, and execution of small hydro projects. The ASEB has so 
far identified 93 small hydro sites with a total potential of 159.37 MW, one of which has already 
been commissioned but has been inoperative since 1993 while 4 others are under various stages of 
execution. The AEDA has so far identified 6 small hydro sites having a total potential of 2.21 MW, 
two of which have already been commissioned while DPRs have been prepared for three sites 
(Baruwa 2006). Data from ASEB and AEDA show that the district of Karbi Anglong has the largest 
small hydro potential, about 83 MW, followed by N.C. Hills district (29 MW). Realizing the fact 
that small scale hydropower projects can provide a solution for the energy problem in rural, remote 
and hilly areas where extension of grid system is comparatively uneconomical, promoting small 
scale hydro projects is one of the objectives of the small hydro power program in India (Saxena and 
Kumar 2010). The excess water that has stored in the small reservoir and also the tailing water that 
comes out through the tail race tunnel (TRT) in the case of ROR type scheme can be best utilized 
for irrigation purposes in the nearby area. The major economy of the state of Assam is based on 
agriculture and tea industries. The supply of water through earth canal system to the nearby area 
will boost the agriculture activity and also meet the captive requirement of tea garden owners.  

Planning plays an important role in the growth and development of hydropower. One of the 
important components of planning of a hydropower project is the estimation of potential electricity 
energy generation (Kurse et al. 2010). The amount of achievable hydropower at any given site is a 
function of the net available hydraulic head (H) and the corresponding flow rate (Q). While the 
gross available head can be determined at a site after the proposed layout of the hydropower plant, 
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determining the design flow requires a long-term record of river or stream flow at the selected site 
(Wali 2013) which is not available in case of ungauged sites. This paper presents a simple method 
of determining the hydropower generation potential of an ungauged river by stimulation of long-
term river flow using flow record of an analogue river. 

The present work has been demonstrated with a case study of Kaliyani River, which lies in both 
Golaghat and Karbi-Anglong District of Assam. The topography is mainly undulatory with a hilly 
terrain surrounding the area; therefore, the natural set up of the region makes it a good site for the 
development of small scale multipurpose hydropower projects. A number of tea estates are located 
nearby the study area which is having constant demand for water supply throughout the year. So, 
irrigation-based small scale multipurpose hydropower projects are need of the hour to meet their 
captive requirement of power as well as the water supply. The study has been undertaken for a hilly 
watershed of this region with the objectives to identify potential hydropower sites using GIS and 
remote sensing technology, to assess the discharge available at those sites using empirical methods 
and finally to estimate theoretical hydropower potential in the study watershed. In the present study, 
the Kaliyani water shade of Dhansiri catchment has been considered. The study area is located in 
northeast India, which lies in both Golaghat and Karbi-Anglong District of Assam bounded between 
latitudes 26º 13' N to 26º 38' N and longitudes 93º 11' E to 93º 48' E (Figure 1). It is located to the 
south of the River Bramhaputra and within the Mikir Hills. 

 

Figure 1. Location map of the study area. 

2. MATERIALS AND METHODS 

Assessment of hydropower potential of an ungauged stream or river requires identification of 
suitable sites and determination of flows at the selected sites. To select suitable sites, Digital 
Elevation Model (DEM) obtained from the USGS seamless website was used in the ArcGIS 
environment to delineate the catchment areas. The Survey of India (SOI) toposheet at 1:50,000 
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scale was used to delineate the stream network. The stream ordering was done using Strahler 
method (Strahler 1958). In order to assess the change in elevation along the course of the stream, 
DEM has been overlaid upon the stream network, which provides the available drop along the 
stream bed. 

The basic requirement of any hydropower projects, whether it is RoR, small scale or large 
storage projects, is the available head. So, in the present study the availability of head is considered 
as the primary requirement for identification of hydropower sites followed by the assessment of 
discharge at those sites.  

2.1 Identification of hydropower sites having suitable head 

Large-scale maps are very useful for approximate head values, but are not always available or 
totally reliable (Harvey et al. 1993). For the measurement of head SOI toposheet of 1:50,000 scale 
has been used. Head is the vertical distance that water falls. Most small hydropower sites are 
categorized as low or high head. The higher the head the better, because it need less water to 
produce a given amount of power and one can use smaller, less expensive equipment (Boustani 
2009). The available topographic map is analyzed in the ArcMap environment and the longitudinal 
profile of the Kaliyani stream has been generated using the existing elevation contour. Based on the 
steepness of the graded profiles of the stream, a total number of 8 sites were identified (Figure 2). 
The steeper is the stream, more is the availability of potential head, thus, for a given discharge 
higher is the power potentiality (Kurse et al. 2010). However, for the stability point of view, too 
steep streams are not desirable. While selecting sites for small hydel, it is one of the foremost 
necessities that cost parameters should be low, as the return from investment is not so high 
(Ramachandra et al. 2004). So, the selections of the 8 sites is done by considering the cost 
parameters as high vertical head gain in minimum horizontal distance is always favorable than vice 
versa.  

 

Figure 2. Longitudinal profile of Kaliyani River showing the 8 identified hydropower sites. 
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2.2 Assessment of design flow 

The volume of water in a river available for power generation is quantified by the designed flow 
(Jones 1988). Determining the design flow requires long-term records of discharge at the selected 
site, which are not available in case of ungauged sites. 

2.2.1 Hydrological stations and available data 

The Kaliyani watershed is ungauged and hence no historic data of discharge is available. On the 
contrary, Assam Water Resource Division is having one permanent gauge station at Numaligarh on 
the river Dhansiri. Kaliyani River is the tributary of Dhansiri River. The available discharge data for 
three nearby streams namely Killing, Kopili and Digaru River (Figure 3) had also been collected 
from the Water Resource Department, Jorhat Investigation Division. These data have been used 
further to assess the discharge of the ungauged river basins present in our study area. 

 

Figure 3. Location of three gauged river basins via Killing, Kopili and Digaru River along with the ungauged Kaliyani 
catchment with location of Tea estate in the study area. 

Several methods are available for simulation of flow of an ungauged river site. In the present 
study, we mainly used the extrapolation technique in order to estimate the discharge. 

2.2.2 Estimation of discharge by extrapolation techniques 

When the difference in the catchment area between the gauging station and the ungauged site is 
small (less than 10-20%), the mean flow from a nearby gauging station can be used to estimate the 
mean flow at an ungauged site (Jones 1988). In this study, the discharge has been estimated by 
scaling down stream flow values of an analogue gauged stream of similar catchment and 
characteristics to the catchment of interest. 
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This extrapolation technique of estimation of discharge from analogue gauged stream requires 
consideration of several similar characteristics such as drainage area, topography, rainfall patterns, 
soil characteristics, land use. There are mainly three river basins present nearby the study area, 
namely Kopili River, Killing River and Digaru River, which are having permanent gauge stations of 
Assam Water Resource Division at Dharamtul (DHM D/L 56.317), Gopal Krishna Tea Estate 
(GKTE D/L 55.0) and Sonapur (SNP D/L 54.02), respectively (Figure 3). 

The catchment area of the three gauged basins via Kopili River, Killing River, Digaru River and 
the ungauged Kaliyani River basins are given in Table 1. From Table 1 it is evident that, of all the 
three gauged basins, only the Killing River catchment area is having close similarities with that of 
the Kaliyani River. On the contrary, the Kopili and Digaru Rivers are having large catchment areas 
(more than 20%) than that of the Kaliyani river basin, for which the stream flow data of these two 
streams cannot be used for this extrapolation techniques. 

 
Table 1. Topographic characteristics of gauged (Kopili, Killing and Digaru) and ungauged (Kaliyani) river basins. 

River Basins Gauged River Basins Ungauged River Basin 
Kopili Killing Digaru Kaliyani 

Catchment area (sq. km) 15248 1319.2 1401.1 1253.01 
Elevation (m) 
Minimum 54 60 55 74 
Maximum 1971 1954 1743 1354 
Mean 450.8 825.7 529.8 488.5 
Slope % 
Minimum 0 0 0 0 
Maximum 71.2 65.3 59.4 64.8 
Mean 9.3 13.4 13.5 14.3 

 
The topography of both the Killing river basin and the study area are mountainous with localized 

steep slope. The maximum and minimum elevation range for Killing watershed is 1954 m and 60 
m, respectively, having general direction of slope from SW to NE. Both catchments are having 
similar average slope as evident from the slope maps prepared for Killing watershed and for 
Kaliyani River basin (Figure 4). The elevation and slope characteristics of the two catchments are 
presented in Table 1. 

 

Figure 4. Slope map of Killing River catchment (a) and Kaliyani River basin (b). 
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The rainfall data for the entire Kaliyani catchment could not be collected in a regular grid 
manner because of the paucity of rainfall stations in the hilly region of Karbi Anglong. The only 
data available is from the different Tea estates located at the foothills of Karbi massif. To study the 
rainfall distribution pattern, rainfall data has been collected from 5 rain gauge stations available 
within the area of investigation. The study area receives an average of 1449.8 mm rainfall annually. 
Likewise, the Killing catchment also received the same amount of precipitation as both the areas 
falls under the same climatic zone (Figure 5). 

 

Figure 5. Isohyetal map of Assam showing Kaliyani catchment (a) and Killing River catchment (b) (source: KIRAN: 
Knowledge Innovation Repository of Agriculture in North East - www.kiran.nic.in). 

 

Figure 6. Soil map of Assam showing different soil types present in Kaliyani catchment (a) and in Killing catchment (b) 
(source: National Atlas and Thematic Mapping Organization). 
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The Killing catchment and the present study area are mainly composed of forest altitude soil 
formations. The dominant soil type is the red sandy soil, fringed by the older alluvium soil type as 
shown in the soil map of Assam, published by National Atlas and Thematic Mapping Organization, 
Eastern Region (1981) (Figure 6). 

The land use pattern of the two regions is also very similar as both the areas are in hilly tracts of 
Karbi Anglong district. Land use land cover (LULC) map has been prepared for Killing as well as 
for Kaliyani river basin (Figures 7a and 7b). As shown in the LULC map of Killing catchment and 
the study area, there are three major land uses in the catchments: forest (both evergreen and 
deciduous) about 70%, barren and wasteland about 15%, agriculture or crop land about 10% and the 
others wetland, water body and settlements constitute about only 5%. 

When close relation was confirmed between the catchments, Equation (1) was used to scale 
down the flow of the gauged stream to that of the ungauged stream. This was based on the fact that, 
if the two catchments are similar in relation to the mentioned parameters, then the ratio of flow to 
the drainage area for the gauged catchment can be considered approximately equal to that of the 
ungauged one (Jones 1988; Sarkar and Gundekar 2007; Copestake and Young 2008). 

Q1=A1/A2*Q2  (1) 

where: A1 and A2 – drainage area of the site of interest and an analogue site, respectively, Q1 and Q2 
- discharges at the site of interest and an analogue site, respectively. 
 

 

Figure 7a. Land use land cover (LULC) map of Killing catchment. 
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Figure 7b. Land use land cover (LULC) map of Kaliyani catchment. 

2.2.3 Flow-Duration Curve (FDC) 

The data generated using the extrapolation technique is further used to construct the Flow 
Duration Curves (FDC) for Kaliyani watershed and the design flow has been calculated. The FDC 
provides a graphical representation of the frequency distribution of the complete flow regime of a 
catchment and allows the estimation of the percentage of time that a specified stream flow is 
equaled or exceeded (Vogel and Fennessey 1994; Reichl and Hack 2017). Flow duration curves are 
very useful in the evaluation of surface water resources for water supply studies and hydropower 
design and planning studies (Heitz and Khosrowpanah 2010; Castellarin et al. 2004). 

Generally, FDC construction requires long-term flow data. However, in the present study, five 
years simulated discharge for the period of 1993-2000, has been considered. It is assumed that the 
simulated discharge obtained using eq (1) would appropriately represent hydrological phenomena 
over a long period of time. As there is not much change in the land use and land cover is anticipated 
in the study watershed, hence this assumption has a valid ground. 

The discharges were arranged from maximum to minimum and ranked from R=1 to N. The 
percentage of the time (P) flow equals or exceeds a given value was estimated using the following 
equation (Chow et al. 1988): 

P=(R/N+1)*100  (2) 

The FDC is constructed with P in the abscissa and Q on the ordinate. 
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2.2.4 Measurements of stream discharge using the Float-Area Method 

Discharge is the volume of water passing through a certain section in a unit time period (Chow 
1964). It is commonly expressed in cubic meters per second (m3/s or cum/sec). The discharge at a 
site primarily depends on cross-section area and flow velocity. The rate of flow passing a point in 
an open channel can be determined by measuring the average water flow velocity and the cross-
sectional area of the river and then using the following formula (Herschy 1998): 

Q = AV  (3) 

where Q is stream discharge (volume/time), A is cross-sectional area, and V is flow velocity  
Normally, the cross sectional area can be determined by measuring the channel dimensions 

directly. The velocity is estimated by measuring the time taken for a floating object to travel a 
measured distance downstream along the river. On the river profile the water flow velocity is 
usually not the same across the river; it is usually slower at the river sides and river bottom and flow 
faster close to the river surface (Liu and Martin 1968). 

In the present study, the floating object is put on the surface of the water on a pre-defined 
distance and use stopwatch to record the time taken for the floating object to travel that distance. 
The velocity of the floating object is then measured using the simple equation: 

Velocity (m/s) = Distance travel (m) / Time (sec)  (4) 

The average velocity of the stream is then determined using a correction factor. Since the 
velocity of the float on the surface of the water will be greater than the average velocity of the 
stream, the float velocity must be multiplied by a correction coefficient to obtain a good estimate of 
the true average stream velocity. The correction factor varies with the type of float used and with 
the shape and uniformity of the channel. The correction factor for rocky bottom stream type is 0.80 
and for sandy/muddy bottom stream it is 0.90 (Penche and Minas 1998). Here, we adopted 0.80 as 
the correction factor as the Kaliyani is a rocky bottom stream. This is the least accurate method of 
measuring stream discharge, but does provide a reasonable estimate in ungauged river basins 
(Michaud and Wierenga 2005). 

2.2.5 Estimation of power generation potential 

By using the head values and available discharge data, power generation potential of the 8 sites 
has been evaluated using the power equation 5 and a general layout plan of the projects has been 
prepared for Kaliyani River basin.  

There is a simple equation to estimate the power output for a system (Fritz 1984). The theoretical 
power (P) available from a given head of water is directly proportional to the head H and the flow Q 
and is given by: 

P = Q x H x c  (5) 

The constant c is the product of the density of water and the acceleration due to gravity (g). If P 
is measured in Kilowatts (kW), Q in m3/s and H in meters, the gross power of the flow of water is: 

P= Q x H x e x 9.81 (kW)  (6) 

e = the efficiency of the plant, considering the head loss in the pipeline and the efficiency of the 
turbine and generator, expressed by a decimal (i.e. 80% efficiency 0.80) (Das and Paul 2006). As 
the efficiency of a turbine is less than 1, the generated power will be a fraction of the available gross 
power. However, the selection of turbine, diameter of penstock and other technical parameters are 
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out of the scope of the present studies. Hence for the present study we will not consider the 
efficiency factor in the power Equation 6. 

The hydropower potential estimated in the present study is then categorized into five groups viz., 
small multipurpose hydro project (less than 10MW), mini multipurpose hydro projects (less than 
1,000 KW), micro multipurpose hydro projects (less than 100 KW) and pico (less than 5 KW) 
hydro projects (Todd 2003). 

3. RESULTS AND DISCUSSION 

The results of the present study corresponding to: (i) Calculation of discharge using 
extrapolation technique, (ii) Validation of discharge data with available rainfall data, (iii) Flow-
duration curves (FDC) analysis, (iv) Flow measurements using float area method, and (v) 
Estimation of power generation potential, are discussed below. 

3.1 Calculation of discharge using extrapolation technique 

By considering all the four parameters, i.e. topography, rainfall, soil and landuse pattern, it has 
been established that there is close similarity existing between the gauged Killing river basin and 
the ungauged Kaliyani catchment. Therefore, for the present study, hydrological data of Killing 
River is being used to access the discharge of ungauged Kaliyani River. The five years discharge 
data of Killing River from 1993 to 2000 (the years 1996, 1997, 1998 have been missing and 
discharge data were only available till June for the year 2000) has been collected from Water 
Resource Department, Jorhat Investigation Division. Table 2 shows the available discharge data of 
Killing River at the gauged site.  

 
Table 2. Available discharge data of Killing River at gauged site for 5 years period (1993-2000). 

Month 
Average Discharge 

1993 1994 1995 1999 2000 
January 31.34 22.98 30.22 36.16 20.96 
February 30.47 21.65 27.92 29.17 17.13 
March 30.34 21.46 21.37 23.85 13.29 
April 31.82 23.75 16.25 28.94 11.48 
May 46.81 22.67 24.61 37.43 18.12 
June 97.13 40.72 66.08 58.32 54.01 
July 109.63 50.09 75.30 101.85 NA 
August 79.69 62.27 82.81 71.39 NA 
September 107.69 72.53 90.47 65.58 NA 
October 71.13 61.69 53.58 73.43 NA 
November 44.31 43.95 38.05 60.45 NA 
December 28.11 36.26 32.67 34.51 NA 

 
Using Equation 1, discharge data of all the Kaliyani river basins has been calculated by 

extrapolating available discharge data of Killing River and the results are shown in Table 3. 

3.2 Estimated discharge (Qe) vs. monthly average rainfall data 

Knowledge of temporal and spatial distribution of rainfall is extremely important for a variety of 
applications in hydrology and water resources management (Campling et al. 2011). Precipitation is 
regarded as the primary source of water resource in India and a long-term rainfall series is required 
in hydrological and simulation models for water resources planning purposes (Tantanee et al. 2005). 
The rainfall data for the entire catchment could not be collected in a regular grid manner because of 
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paucity of rainfall stations in the hilly region of Karbi Anglong. The only data available were from 
the different Tea estates located at the foothills of Karbi massif. These rain gauge stations were 
located either within or near the periphery of the basins. This long term precipitation record is then 
extrapolated to cover the upstream catchment area for Kaliyani river catchment. Here, we assume 
that the whole catchment has received the same amount of precipitation regardless of its position in 
the plains or in the hilly areas. The data collected from 5 rain gauge stations from tea estates located 
either within or near the periphery of the Kaliyani river basins, were used to calculate the monthly 
average rainfall for the period of 1993-2000.  

 
Table 3. Discharge of Kaliyani River estimated using extrapolation from gauged catchment for the period (1993-2000). 

Month 
Average Discharge 

1993 1994 1995 1999 2000 
January 29.77 21.83 28.70 34.35 19.91 
February 28.94 20.57 26.53 27.71 16.27 
March 28.82 20.38 20.30 22.65 12.63 
April 30.23 22.56 15.43 27.49 10.90 
May 44.46 21.54 23.38 35.56 17.21 
June 92.26 38.68 62.77 55.40 51.31 
July 104.14 47.59 71.53 96.74 NA 
August 75.70 59.15 78.66 67.81 NA 
September 102.29 68.90 85.94 62.29 NA 
October 67.57 58.60 50.89 69.75 NA 
November 42.09 41.74 36.15 57.43 NA 
December 26.70 34.44 31.04 32.78 NA 

 
In order to validate the estimated discharge obtained by extrapolation method, the monthly 

average rainfall for the period of 1993-2000 of Kaliyani catchment area has been plotted against the 
discharge in cubic meters per second (cumecs) and the results are shown in Figure 8. 

 

Figure 8. Estimated discharge (Qe) in cubic meter per second (cumecs) plotted against rainfall (in mm) for Kaliyani 
catchment area. 

From the discharge vs. rainfall analysis of the area it is observed that with every increase and 
decrease in the amount of rainfall there is a corresponding increase and decrease in discharge, at 
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least in the same trend, which signifies the direct relationship between the rainfall amount and the 
discharge of the river. Minor variations observed in the graphs are due to the fact that the rainfall 
data available is only from the tea estates located at the foot hills of the Mikir massif. As we assume 
that individual river basin as a whole receives the same amount of precipitation regardless of their 
position in the plains or in the hilly areas. The main objective of this comparative study is only to 
validate the results which in turn established successfully. 

The data thus generated using this extrapolation technique is further used to construct the Flow 
Duration Curves (FDC) for Kaliyani catchment and the design flow has been calculated. 

3.3 Flow Duration Curve (FDC) analysis 

The FDC is constructed with P in the abscissa and Q on the ordinate. Using the equation (2), 
FDC has been prepared for Kaliyani river basins as shown in Figure 9. The ordinate is constructed 
in logarithmic scale to allow data to be stretched out making it easier to read the FDC at all points 
(Chow et al. 1988). Monthly exceedance probability of discharge for Kaliyani River is shown in 
Table 4. 

 

Figure 9. Flow duration curve (FDC) for Kaliyani River showing 50%, 75% and 90% dependability discharge values. 

 
Table 4. Monthly exceedance probability of discharge for Kaliyani River at the outlet point. 

Month 
Exceedance Probability (%) 

5 10 15 20 25 30 35 40 50 60 70 80 90 100 
Jan 34.35 34.35 29.77 29.77 29.77 29.77 29.77 28.70 28.70 28.70 21.83 21.83 19.91 19.91 
Feb 28.94 28.94 27.71 27.71 27.71 27.71 27.71 26.53 26.53 26.53 20.57 20.57 16.27 16.27 
Mar 28.82 28.82 22.65 22.65 22.65 22.65 22.65 20.38 20.38 20.38 20.30 20.30 12.63 12.63 
Apr 30.23 30.23 27.49 27.49 27.49 27.49 27.49 22.56 22.56 22.56 15.43 15.43 10.90 10.90 
May 44.46 44.46 35.56 35.56 35.56 35.56 35.56 23.38 23.38 23.38 21.54 21.54 17.21 17.21 
Jun 92.26 92.26 62.77 62.77 62.77 62.77 62.77 55.40 55.40 55.40 51.31 51.31 38.68 38.68 
Jul 104.14 104.14 104.14 96.74 96.74 96.74 96.74 96.74 71.53 71.53 71.53 71.53 47.59 47.59 
Aug 78.66 78.66 78.66 75.70 75.70 75.70 75.70 75.70 67.81 67.81 67.81 67.81 59.15 59.15 
Sept 102.29 102.29 102.29 85.94 85.94 85.94 85.94 85.94 68.90 68.90 68.90 68.90 62.29 62.29 
Oct 69.75 69.75 69.75 67.57 67.57 67.57 67.57 67.57 58.60 58.60 58.60 58.60 50.89 50.89 
Nov 57.43 57.43 57.43 42.09 42.09 42.09 42.09 42.09 41.74 41.74 41.74 41.74 36.15 36.15 
Dec 34.44 34.44 34.44 32.78 32.78 32.78 32.78 32.78 31.04 31.04 31.04 31.04 26.70 26.70 
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FDCs usually determine discharge corresponding to varying degrees of dependability. Normally 
for power estimation, 50%, 75% and 90% dependability discharge values are considered (Kurse et 
al., 2010) and for this study these three levels of dependability flows have been considered. The 
results obtained from Figure 9 show that the estimated design flow for Kaliyani River basin at 50%, 
75% and 90% dependability was 34.40 cumecs, 22.65 cumecs and 17.21 cumecs, respectively. 

As the FDC has been constructed for the whole river basin, the discharge estimated was for the 
whole catchment area for Kaliyani river basin. This estimated flow of Kaliyani River represents the 
discharge at the outlet, i.e. at the mouth of the river. In order to estimate the discharge at previously 
identified sites on Kaliyani River, the discharge at the outlet has been extrapolated to each location, 
considering the catchment area till that point using the equation (1). The results thus obtained are 
shown in Table 5, which shows the estimated flow at the specific location of Kaliyani stream at 
50%, 75% and 90% dependability. 

 
Table 5. Estimated discharge at identified sites of Kaliyani River at three level of dependency. 

River Basin Catchment area 
(sq km) 

Estimated Flow (Q) Calculated discharge at identified sites 
Q 50% Q 75% Q 90% Location Area (sq km) Q 50% Q 75% Q 90% 

Kaliyani 1253.01 34.4 22.65 17.21 K 1 35.9 0.98 0.65 0.49 
K 2 84.9 2.33 1.54 1.17 
K 3 87.9 2.41 1.59 1.21 
K 4 257.2 7.06 4.65 3.53 
K 5 330.2 9.06 5.97 4.53 
K 6 355.2 9.75 6.42 4.88 
K 7 770.3 21.15 13.92 10.58 
K8 924.8 25.39 16.72 12.70 

3.4 Measurements of stream discharge using the Float-Area method  

In order to validate the results of estimated flow obtained from FDC analysis using the 
extrapolation technique, flow measurements have been taken at a particular site in Kaliyani River 
basins (K8) using float techniques (Table 6, Figure 10). The inset image shows the river section 
measurements for Kaliyani River at site K8 (Lat: 26°25'32.06"; Long: 93°42'24.92"). The location 
of measurements is chosen in such a way that it should be easily accessible and possibly close to a 
nearby location where stream flow had been previously estimated. The discharge measurements at 
all the identified sites are not possible because the sites were located deep in the forest area which 
could not be accessed. The measurements are taken in October of 2018, which represents the post 
monsoon period in the study area. 

 
Table 6. Results of flow measurements of Kaliyani River at site K8. 

Stream 
Location Channel 

width (W) 
(m) 

Average 
channel depth 

(D) (m) 

Cross 
sectional 
area (m2) 

Surface 
velocity 
(m/sec) 

Average 
velocity 
(m/sec) 

Discharge 
(cum/sec) Latitude Longitude 

Kaliyani  26°25'32.06" 93°42'24.92" 53.7 0.562 30.179 0.982 0.7856 23.71 

 
The results of measured discharge using float technique at site K8 has been incorporated with the 

estimated discharge at that location, which gives a comparative study of the estimated and measured 
discharge as shown in Figure 11. 

As shown in Figure 11, the measured discharge shows close resemblances with the estimated 
discharge measured using FDC at 50% dependency. Based on the above study, we can conclude 
that the estimated flow using FDC analysis at 50% dependency is closely resembled to that of the 
actual flow for Kaliyani river basin and will be considered to estimate the hydropower potential for 
the selected sites. 
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Figure 10. Kaliyani catchment showing location of identified hydropower sites based on head availability and the site 
selected for discharge measurements. 

 

Figure 11. Comparative study of estimated discharge (Qe) and measured discharge (Qm) of Kaliyani River at site K8. 

3.5 Estimation of power generation potential 

By using the head values and available discharge data, the power generation potential of 
Kaliyani river basin has been calculated separately at 8 different locations identified previously on 
the graded profile using the power equation 6 and a general layout plan of the projects has been 
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prepared. The estimated power potential in MW is then classified into 4 classes based on the power 
generated, following Todd (2003) (Table 7). 

 
Table 7. Classification of different power schemes based on power output and their class interval (Todd, 2003). 

Name of the scheme Power potential Class 
Small multipurpose hydro projects (SHP) 1000 KW-10MW I 

Mini multipurpose hydro projects (MNHP) 100KW-1000KW II 

Micro multipurpose hydro projects (MIHP) 5 KW-100 KW III 

Pico multipurpose hydro projects (PHP) Less than 5 KW IV 

 
Table 8. Results of power potential of Kaliyani River. 

Location of 
weir 

Location 
of power 

house 

Elevation (m) Head 
H (m) 

Discharge 
Q  

(cumec) 

Catchment area 
up to the weir 
location (km2) 

Distance  
(km) following 

the stream 
coarse 

Power 
(MW) 

Class 

From To 
K1 K2 380 320 60 0.98 34.46 11.99 0.58 II 
K2 K3 320 300 20 2.33 84.92 1.60 0.46 II 
K3 K4 300 260 40 2.41 87.91 10.55 0.94 II 
K4 K5 260 240 20 7.06 257.17 2.12 1.38 I 
K5 K6 240 200 40 9.06 322.11 7.90 3.55 I 
K6 K7 200 180 20 9.75 355.15 14.20 1.91 I 
K7 K8 180 120 60 21.15 770.27 20.10 12.44 I 
K8 K9 120 100 20 25.39 924.80 10.52 4.98 I 

 
Within the Kaliyani stream, 8 possible scenarios have been proposed where the location of the 

weir has placed at the first point, followed by the power house location at the next successive point 
following the main stream. This criterion has been repeated for all the 8 possible cases and power 
generation potential has been calculated using the available head and the discharge data of the 
stream at the weir location. The estimated power is then classified into 4 classes following Table 7. 
The results obtained are shown in Table 8. 

From Table 8, it is observed that the Kaliyani River is having a total of 26.24 MW power 
generation potential at 8 sites of the watershed. Out of the 26.24 MW, the site K7 is having the 
highest power generation potential of 12.44 MW, followed by K8 (4.98 MW) and then K5 (3.55 
MW). Overall, the Kaliyani watershed is having the potential of small to mini multipurpose 
hydropower projects (Class I and II). Another important thing to be considered from Table 8 is the 
distance between the weir location and the power house, which gives the length of the Head Race 
Tunnel (HRT), as the length of the HRT will have a major impact on the economic feasibility of the 
project. Hence, during the feasibility studies of the project, this parameter will play a vital role. 

4. IRRIGATION POTENTIAL OF THE AREA 

The Kaliyani River catchment area is 1,253 km2, out of which 70% falls in the hilly tracts Karbi-
Anglong District and the rest 30% is in Golaghat district of Assam. The major economy of the state 
of Assam is based on agriculture and tea industries. The state is rich in water resources and has vast 
tracts of fertile land mainly in the valley portion. Assam boasts largest tea growing area in the 
world, constituting around one-seventh of the global tea production and is the only major revenue 
generating sector in the state. There are a total 803 major tea estates in 27 districts of Assam, out of 
which 89 tea estates falls in Golaghat and Karbi Anglong districts. Out of 89, 5 tea estates, namely 
Numaligarh, Bukhial, Bogijan, Borsapori and Difalu, are located nearby the study area (Figure 3). 
These tea plantation industries are having constant demand for water supply throughout the year. 
So, irrigation-based small scale multipurpose hydropower projects coupled with canal system 
network, which can carry the excess water to the nearby areas, are need of the hour to meet the 
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captive requirement of power as well as the water supply for irrigation activity. The excess water 
that has stored in the small reservoir and also the tailing water that comes out through the tail race 
tunnel (TRT) in the case of ROR type scheme can be best utilized for this purpose. This will boost 
the agriculture activity in the plain areas of Golaghat district and also meet the demand of water in 
tea industries. 

5. CONCLUSION 

Estimation of designed flow or available discharge (Q) is the most important component of 
feasibility study of hydropower projects at any site. Determining the design flow requires a long-
term record of stream flow at the selected site, which is not available in case of ungauged sites. In 
the present study, extrapolation technique was applied to a hilly watershed situated in north east 
India using the available data to assess water resources and hence hydropower potentiality. Here, 
the method of scaling down stream flow values of an analogue gauged stream with similar 
characteristics to the catchment of interest was considered and the discharge has been estimated. 
This kinds of approach in estimating discharge of an ungauged catchments is quite significant as in 
the case where no hydrological data is available. Although the methodology adopted appear 
assumption basis, but the results were encouraging. When it comes to estimated discharge vs. 
rainfall plots or from actual discharge measurements using float area method, in both cases close 
similarity exist. 

 The Kaliyani watershed, which lies in both Golaghat and Karbi-Anglong Districts of Assam in 
the northeastern region of India, is ungauged and the natural topography of the region makes it a 
good site for development of small scale multipurpose hydropower projects. The available 
discharge data of Killing River, located near the Kaliyani River were used to estimate the discharge 
at few identified sites of the watershed. The estimated discharge obtained from the extrapolation 
technique was verified with the average monthly rainfall data available for the Kaliyani catchment 
area. Flow duration curve has been generated for Kaliyani River and the estimated design flow was 
calculated for 8 sites at 50%, 75% and 90% dependability. Flow measurements were taken at a 
particular site in Kaliyani River basins (K8) using float techniques. The results show that the 
measured discharge is similar to the estimated discharge at site K8 of Kaliyani River at 50% 
dependency. By using the head values and available discharge data, power generation potential of 
Kaliyani river basin has been calculated separately at 8 locations. The Kaliyani River is having a 
total of 26.24 MW power generation potential at 8 sites of the watershed. Out of the 26.24 MW, the 
site K7 is having the highest power generation potential of 12.44 MW, followed by K8 (4.98 MW) 
and then K5 (3.55 MW). Overall, the Kaliyani watershed is having good potential of small to mini 
multipurpose hydropower projects (Class I and II). These irrigation-based small scale multipurpose 
hydropower projects coupled with canal system network can carry the excess water to the nearby 
agricultural and tea estate areas. This will boost the agriculture activity in the plain areas of 
Golaghat district and also meet the captive requirement of power, as well as the water supply in tea 
industries. 
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