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ABSTRACT 

A river is a natural watercourse, usually freshwater, flowing towards an ocean, a lake, a sea, or another 

river. Considering a dictionary definition, hydrology is simply the scientific study of water or water 
processes, which may include various characteristics or components, such as control, conservation, 

flooding, pollution, storage, etc.  As a result, there are many research pathways that are contained within 

the study of hydrology, and the most fundamental and direct discipline is the study of stream flow. 
Periyar has been performing a pivotal role in shaping the economic prospects of Kerala, as it helps in 

power generation, domestic water supply, irrigation, tourism, industrial production, collection of various 

inorganic resources and fisheries. A huge quantity of water simply discharged to the sea during monsoon 
and facing acute scarcity during summer. This calls for the proper conservation and efficient management 

of water resources. Thus, a proper evaluation of the river flow considering all possible inflows, losses, 

withdrawals and unutilized discharges are considered. The major inflow is through the runoff was 

calculated using Curve Number method. The validity of the method adopted for Mass Balance 
Calculation was checked with measured values at an intermediate station.  
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INTRODUCTION 

A river is fresh water flowing across the surface of the land, usually to the sea, it flows in a channel. The 
bottom of the channel is called the bed and the sides of the channel are called the banks (Czaja, 2005). 

Rivers are the main sources for drinking water and irrigation, and of course, it provides us with food, 

energy, recreation, transportation routes. We can say rivers are the vein and sinew of the earth. Rivers 

begin in mountains or hills, where rain water or snowmelt collects and forms tiny streams called gullies. 
Gullies either grow larger when they collect more water and become streams themselves or meet streams 

and add to the water already in the stream. When one stream meets another and they merge together, the 

smaller stream is known as a tributary. The two streams meet at a confluence. It takes many tributary 
streams to form a river. A river grows larger as it collects water from more tributaries. Streams usually 

form rivers in the higher elevations of mountains and hills. 

Hydrology   

If we go for a scientific study of water or water processes, which may include various characteristics or 
components, such as control, conservation, flooding, pollution, storage, etc.  As a result, there are many 

research pathways that are contained within the study of hydrology, and the most fundamental and direct 

discipline is the study of stream flow (Shikolomanov, 2007). The main source of Kochi Drinking Water 
Supply is River Periyar, which undergoes the above mentioned factors and scenario, giving importance of 

this study.  

Periyar River  
The River Periyar, the longest river of Kerala state is considered to be the life line of Central Kerala. 

Periyar has been performing a pivotal role in shaping the economic prospects of Kerala, as it helps in 

power generation, domestic water supply, irrigation, tourism, industrial production, collection of various 

inorganic resources and fisheries.  

http://en.wikipedia.org/wiki/Watercourse
http://en.wikipedia.org/wiki/Freshwater
http://en.wikipedia.org/wiki/Ocean
http://en.wikipedia.org/wiki/Lake
http://en.wikipedia.org/wiki/Sea
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To meet all the needs and for future demands, this river is to be managed properly. Water Supply 

management involves controlling the supply and distribution of available water as designed, and 

monitoring its quality. In places where there are persistent water shortages, managing the supply may also 
mean rationing water so that it is available to those who need it most.  

Problem Statement   

Kochi is considered as the commercial capital of Kerala State. Periyar River is the main source of 
drinking water to Kochi area. Like any other rivers in India, this river is also abused and its intensity 

increasing day by day due to human and other activities for our modernity. A huge quantity of water 

simply discharged to the sea during monsoon and facing acute scarcity during summer. This calls for the 

proper conservation and efficient management of water resources. Thus, a proper evaluation of the river 
flow is essential, hence this study.   

Objectives  

1. To Conduct a Mass Balance study of Periyar River from the Barrage Bhoothathankettu to the Estuaries. 
2. To study the monthly variation in final fresh water out flow to the Arabian Sea at (estuaries) 

Purapillikavu and Eloor. 

3. To Compare the Mass balance output with the Measured values of Flow and its validity using statistical 
methods  

 

MATERIALS AND METHODS 

Mass balance Study 
In any process, the equation of continuity can be taken as its basis. In the case of river flow, the equation 

of continuity can be applied; as there are many ways of inputs to the river in the form of discharge from 

barrage, runoff, tributaries, and discharge from various industries, individual houses, Hotels and 
municipal drains. There can be losses like evaporation, seepage and evapo-transpiration (Muthukrishnan, 

2006; Pradhan et al., 2010). Before the final discharge into sea, required beneficial users will use or 

exploit its maximum strength. The sum of the total losses, utilization by beneficial users and the final 

discharge will be equal to the sum of inputs (inflows). Even though the Mass Balance Study (Czaja, 2005) 
in a physical system like river is most complicated with heterogeneous input data, which may require in 

depth studies, the results will be useful for planning for various river management works. The following 

step by step Procedure is adopted for the study. 
(a) Calculation of Run Off using CN Number Method, (b) Calculated the monthly discharge of 

Barrage from the daily discharges computed from the details of barrage shutter openings, (c) Based on 

Step 1 and by convenience, the Study area of the river divided into 7 stretches, (d) The discharges  from 
various industries are to be tabulated separately, (e) Now the total inflow (Qi) to the first stretch can be 

computed from the sum of the Barrage discharges, Runoff and the discharges from various industries, (f) 

Calculate the withdrawals by Various organisations viz; KWA, WR, Industries and  by individuals, (g) 

Now Calculate the total Withdrawals (Qw) after considering the seasonal variations, (h) Compute the Out 
flow (Qo) from the first stretch, (i) Out flow of the 1

st
 stretch will be the inflow to the 2

nd
 stretch in 

addition to the runoff and discharges in the 2
nd

 stretch to compute the total inflow to the 2
nd

 stretch, and (j) 

Now continue the steps (f), (g), and (h) till N
th
 stretch outflow (No). Further, the Validation of the above 

Mass Balance work can be verified using the measured values   

 

RESULTS AND DISCUSSION 
The Daily Runoff recorded at Bhuthathankettu was obtained. Runoff in m3/day of each raster was 

computed and thereby the accumulated runoff in m3/day of each water shed was calculated. The 

corresponding water sheds of the sections were identified and the total runoff (rf) to the section was 

computed in m3/month.  
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Figureure 1: Study Area 

 

Table 1: Details of Sections and the Related Water Sheds with Sub water Sheds  

 
 

 
Figure 2: Section Wise Details 
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Table 2: Section Wise Monthly Runoff in m
3
  for the Year 2004 

 
 

Barrage Discharge  

The daily discharge in m3 from the Barrage was calculated based on the details of shutter openings. From 
the details of daily discharge, the monthly discharge (qb) in m3 and the discharge in m3/sec are to be 

computed.  

 

Table 3: Details of month wise 2004 discharge from barrage 

 
 

Discharge from Industries and Flats   

Details of industries are obtained. Its consumption details and discharge pattern including quantity (qi) are 
noticed. The discharge in section wise is computed. 

 

Table 4: Month Wise Industrial Discharge for the year 2004 in m
3
/sec 

 
 

Table 5: Month Wise Discharges from Flats for the year 2004 in m
3
/sec 
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Total Discharge  

Total discharge to the first section is the sum of the discharges from the barrage, runoff from the section 

and industrial discharge of the section. This will be known as the inflow (Qi) of first section. Likewise, 
the sum of the discharges of all sections will provide the total discharge of the system under 

consideration. 

Withdrawals and Losses 
Various agencies are withdrawing water from Periyar River; mainly by (1) Kerala Water Authority 

(Drinking Purpose), (2) Water Resources Department (Irrigation Purpose), (3) Industries (Industrial 

Purpose- Depends on the nature and industry, and; (4) Individuals (Multipurpose & nature- Domestic to 

Industrial). 
Withdrawal points (Intakes) from the Barrage to the Estuary including the capacity of withdrawal on 

either side of the river are marked in the map using GIS. The withdrawal points of all Schemes related to 

KWA, WR, Industries and Individuals to the maximum possible extend up to a daily withdrawal not less 
than 5 kilo litres. Sum of these withdrawals to the first section is known as (Qw). Similarly, withdrawals 

up to the nth section are computed. 

Withdrawal by Kerala Water Authority 

 

Table 6: Month Wise Withdrawal Details of Kerala Water Authority in m
3
/Sec 

 
Withdrawal by Water Resources Department 

 

Table 7: Month Wise Withdrawal Details of Water Resources Department in m
3
/Sec  

 
Withdrawal by Industries 

 

Table 8: Month Wise Withdrawal Details of Industries in m
3
/Sec  
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Withdrawal by Flats / Apartments  

 

Table 9: Month Wise Withdrawal Details of Flats/ Apartments in lps 

 
 

Outflow 
Out flow of the section is the net available quantity after all withdrawals and losses from the inflow of the 

section. This concept is represented through the Figureure given below and is continued up to the nth 

section of the river for the Mass Balance study of the river. It can be expressed as  
Qin – Qw – Ql = Qo............... (3.1) 

Where, Qin = Q inflows,  Qw = Q withdrawls,  Qo = Q outflows    

Inflows to a river includes flow from the reservoir, Runoff from the watersheds, discharge from industries 

etc. Runoff is the main component contributing significantly to the river flow. Withdrawals include water 
taken by KWA, irrigation department and by industries. Losses includes Evapo-transpiration loss, 

seepage loss etc. 

Similarly, consider the entire stretch of river. The length of this portion can be divided into ‘n’ sections 
conveniently. The outflows from each section will be the net result of the inflows and losses. When 

considering the first section, the outflow from the first section can be calculated as per equation (3.2). The 

outflow from the first section is taken as the inflow to the next section. The entire stretch of the river is 
analysed in the same manner. The process can be expressed as follows. 

Qin1 – Qw1 – Ql1 = Qo 1                     (3.2)  Qo1 = Qin 2,   

Qin2 – Qw2 – Ql2 = Qo2                      (3.3)            Qo2 = Qin 3, 

. . .    = Qo (n-1)      Qo (n-1) = Qin (n)  
Qin (n) – Qw (n) – Ql(n) = Qo(n)        (3.4)  

The outflow from the final section (n
th

 section) will be the final fresh water outflow to the sea. Table (4) 

describes the section details for the study. The Periyar River has been divided into 7 sections, Table (1) 
from the Bhoothathankettu Barrage towards the two estuaries (Purapillikavu and Eloor). 

Mass Balance Calculations 

Let us consider the river as a whole Figure (2). The water released from the barrage is the main inflow to 

the river downstream. As the water flow downwards, various tributaries will be joining along the course 
of river till it finally meets with the Arabian Sea.  Along the banks of the river various organization like 

Kerala Water Authority, Water Resources department, are withdrawing water for water supply and for 

irrigation purposes. Flats, Apartments, and private firms located nearby are also using the river water for 
domestic and other purposes. So certain amount of water will be lost. The industries located at the 

downstream discharges effluents to the river thereby reducing the fresh water amount. The fresh water 

amount reaching the estuary should be sufficient to overcome the salinity intrusion towards upstream. 
When this study is integrated into a mass balance method, the calculations can be represented as equation 

(3.4). Based on the above mentioned method, by applying the continuity equation, the flow at every point 

can be calculated.  
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The water balance study from 2001 to 2010 was conducted and the details of discharge at Kalady both by 

Mass balance study and Measured is computed. Its S, R and R2 values for these years are tabulated in 

Table 13, below. 
 

Table 10: Month wise flow details in m
3
/ sec during 2004 

 
 

 
Figure 3: Discharge at Kalady -2004 (Measured- WRD) Vs Mass Balance Calculation 

 

Table 11: Mass balance work- flow details at Kalady in m
3
/ sec (From 2001 to 2010) 
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Table 12: Measured flow details at Kalady in m
3
/ sec (From 2001 to 2010) 

 
 

Table 13: Statistical Relationship between Mass balance Flow and Measured Flow 

 
 

CONCLUSION 
 Mass balance Study gives the discharge at any point or section  

 The Study reveals the quantity of unused discharges through Estuaries.  

 The study details can be used to control the flood as well as drought 

 The results obtained through the Mass balance were validated with measured discharges and found that 

it has got a strong linear relationship. 

 The mass balance study details can be utilized for the proper River Management.  

 A control over the beneficial users can be established for limiting their consumptions/ withdrawals. 

 Unauthorised withdrawals and discharges from the industries can be identified for proper actions  

 By noticing the discharges, the industry can be identified and necessary remedial measures can be taken 

to control the river Pollution 

 An early action can be taken to protect the drinking water source for lifting the designed quantity of 

water for an uninterrupted drinking water supply. 

 The methodology can be used for future planning as well as for other river management systems also on 

similar conditions or by applying the changing conditions for better applications. 

 The validation of the study gives more strength for modelling the River. 
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