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ABSTRACT

Acriver 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.
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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.

Obijectives

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.

@) 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, () 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% stretch will be the inflow to the 2™ stretch in
addition to the runoff and discharges in the 2" stretch to compute the total inflow to the 2™ stretch, and (j)
Now continue the steps (f), (g), and (h) till N™ 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
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Figure 2: Section Wise Details
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Table 2: Section Wise Monthly Runoff in m® for the Year 2004

Alonth BH-VG VEEA EANVA VA-CH W CH-AV AN-PU AV-EL
Jan o o o o o o o
L] o o o o o o o
My 350337 158477 107403 235067 337 BITMR3 B3
Awr TREE6 DEFODE 537 350648 ool 12881662 D657
My noma4 1580400 1004144 135872 153463 45704001 10525383
Jun 10Es210 1380025 S20208 435788 1213434 18057T1IE4 B4ELETE
Juy 40EL123 SER1O5E 20 12656 318350 TIL2B444 114675105
Ay 1B 478 21 BROG32 10574356 57T 157664  2080GED43  ETEIS
Sept 153108 11B14% 4154 100810 1418 3E1TI5E 1231183
Cet O6TOESE B31RSED M 1043014 THE0E 1B0HE2 154335
Nov 15004 .t o 1356 1 1742042 1016560
Dec o o o o o o o

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 (qy,) in m3 and the discharge in m3/sec are to be

computed.

Table 3: Details of month wise 2004 discharge from barrage

Month mmaonth m*igac Month m'/maonth m*/ e Month m'/manth m*/zac
Jan 53235000 15 B8 Moy L3485 000 3565 S&p ToS 117000 30715
Eb 311000 1367 Jus 35D 14033 okt 1381 E+ R3E3
Mar 214853000 e Ju G2BET3000 5472 Nov S00RE2000 15E17
Apr 110045000 4148 Aug 1527430000 57028 Dee 141000 o7

Discharge from Industries and Flats
Details of industries are obtained. Its consumption details and discharge pattern including quantity (q;) are
noticed. The discharge in section wise is computed.

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

_,-'_;t;ar Cods Jan F=b Mlzr Ao May Jun Jul Auz Bapt Ot How D
1 BH-I7 o o O O 0 o o 0 o o o o
1 T4 M 1 6EIG 27E-12 4E1E 1E34 5E-31 E-3T O BEM 3ESD 1ESS S 1E®
3 E4T1 19249 EE-5 3E11  1E17 4E214 IE-30 &E-37T JE43  SESD 3ER6 IE-RD 4 EE-R
4 IT-CW 1.6 BeEDG SIE-13 1E1E 3E15  IE-51 TE-3E 1B 1ESD 4E3T IE-B SIE-T
5 CH-4T 137k D3ENS  35E-11 1E1T 3E14 IE-30 TE-3T SE43 1E4R 4EXE E-R STEE
& AFPL 3608 15EA0G 35E-12 I1E1E BE13 3E-31 1E-3T 4B 1E3D GEST IE-E BEE-T
T AT-EL 305315 00157 50E0 JE15 BEI1 E-E O IE3M 3E4H 1E4T TES4 ER S ES
Table 5: Month Wise Discharges from Flats for the year 2004 in m*/sec
Saction
o Code Jzn Feb Mlzr Ao May Jm Jul Aug Senit Ot Mowv Lec
1 EBHIG o o o o o o 0 o o o o 0
1 TizEA o 18E-05 97E-11  4E1E 1E24 3E-51 E-3T BB 3ESD B E-8 O IE®
3 E4-11 1824 EELS 3E-11 1E-17 4E34 IE-30 &E-37 1E43 SES5D FE-3  IE-2 SEE
4 FI-cw 1% BeEDS 3IE-1? 1E1E  5EDS 31 TE-3E IE44 1ESD 51 1E-8 S5E®
5 CHEAF TH& 93E03 335E-11 1E17T 5E24 IE30 TE-37 3E43 1E4f E-% E-8 ©E®
] AF-FUU 6508 153ED3  35E-1 JELE O BEY: 3E-EL IE3T 4B IESD 5T E-E SEW
T AFFEL 90108 00157 540 2E15 BEEX] E-E IE-M SE41 JE4T TE-M E-8 SES
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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*/Sec

Sac Mo Cods Fn Feb Mz A May R Jul  Aws  Ssp  Oot Wovw  Dec
B 012 011 @12 Q11 @12 €11 Q12 ©12 Q11 @12 €11 QL2
FGE4 002 Q02 002 003 Q02 Q0@ Q02 Q02 Q02 002 Q@@ QO
E477 000 008 Q00 OO0 Q02 002 000 OO0 Q0B O0f Q02 Q09
W 1l 18 119 197 11¢ 197 110 119 197 119 197 11D
CHPE4F 26 151 268 2150 166 260 1& 2160 160 168 18 18
AFPU Q00 000 OO0 OO0 000 000 000 OO0 OO0 000 Q00 000
AV-EL 0% 050 098 003 006 045 065 098 093 098 Q53 096

Withdrawal by Water Resources Department

= TR R T S

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

Sac Mo Cods Izn Feb  Mer Ao My Jun Jul  Ans  3ep Ot Mov  Dec
1 BH-FF 020 03 027 036 QLT o 0 @11 911 41 @17 007
1 VirEd 2557 23> 356 147 1% D 0 12 106 11 13 1M
3 E4TL 2213 4o 12 114 11 o v @8F Q&1 0 13T 14
4 H-CW 131 136 134 13 13 @ D 057 055 06 [ 0T
5 Cr4F 0133 031 022 012 4% o 0 Q010 002 01 Ql4 04
§ AFEPLT 135 14 136 15 13 © 0 Q6F 065 07 086 100
7 AV-EL 1778 1 178 172 LTE o 0 07 073 QE 1@ 115

Withdrawal by Industries

Table 8: Month Wise Withdrawal Details of Industries in m®/Sec

?35 Code  Jen Feb Mz Asr Msy  Jwm Jud Aws Zep 0ot Mov D
BHIG Q000 0000 OO0 Q000 OO000 OO0 OOD0 OO0 QOBD 000D DO QD00
VK4 0004 0004 0004 00 Q004 0004 00 0004 2004 Q0004 0004 00l
E4TL 0013 Q012 o013 Q12 agls Q012 0013 o013 adll Q013 Q012 ag13
II-CW Q001 0001 o001 001 ad0l Q001 001 o001 00l Q001 0001 a1
CHEAF Q015 0014 Q015 L adls Q015 0015 Q015 agls  Q0ls Q015 aols
A= FLT Q002 0002 Qi 0002 o002 0002 002 Qi 0002 0002 0002 Lk
AILEL 250 2357 232 2430 230 1439 235X 23 1439 21310 1430 13X

I R S N

157



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online)
An Online International Journal Available at http://www.cibtech.org/jgee.htm
2013 Vol.3 (2) May-August, pp.153-161/Prabhakaran and Resmi

Research Article
Withdrawal by Flats / Apartments

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

Mo Coke  Fn

F=b Mar Aoy May Jun Jul Anz B Ot Mow D
1 BH¥VFG 000 000 000 QD) Q00 000 0.00 .00 000 000 .00 QD
2 FG-E4 000 000 00D QDD D00 000 000 000 000 000 000 Q0D
3 E4-1L 62 5ET 628 &O0R £ 2 6.08 628 628 6.08 628 .08 628
4 1I-CW Bl 3357 3B 3isF 3im 2 2 R ER. ER: ig® 3E1
5  CW=4F 1830 2648 2E3D 173 283D 1738 2B30 B30 1738 1830 W39 2R3D
§ AP W75 BI1E 1476 1396 M8 PEL] 21478 HTE pEE] 1476 Bos 1475
T AF-EL 30ET 2EEE 30ET 29BR 3087 1028 0BT 3087 20EBE 30ET  10EE 30ET

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-QI=Qo0....cc.c....... (3.2)

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.

Qinl-Qwl-Ql1=Qo1 3.2) Qol =Qin 2,
Qin2 — Qw2 — QI2 = 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™ 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*/ sec during 2004

Setion Distance  Jen Feb Mar  Apr Ay hun Jul Ang Bap Crt Now 2T
EH 0 129 131 93 415 357 1403 237 5703 3071 588 F 1582 a7
Iz 33 125 11% 20 421  3i6 1422 2356 5744 3049 M7 1579 24
Ed X7 17¢ 109 T4 409 342 1475 237TEB 516 3059  SDEE 1583 e
i 3855 165 @3 &0 385 337 1401 1334 5833 340 5060 1550 &6
Cw 444 156 B4 51 3BT 332 1501 2386  5B44 3043 3071 142 5B
AV £0 133 58 12 384 311 1486 236EF 5832 3019 5853 151E i3
PU =i 5.7 17 34 116 319 1385 1403 37E4 5TT 3448 TRS 0E
Fat 560 G4 18 13 182 1E4 Te3 1175 IBAT 1454 J00E 71l 17
EL-I &6 15 a7 15 i4 BE 81 i34 TE3 360 Trl 183 o4
MU 6.0 35 06 15 136 178 T30 Eo ] 162 19T X6 546 1
P4 w7 31 03 12 140 111 BR1 3 530 19T 2515 346 03

EL- 6.4 10 00 15 146 244 BT 100 2305 1101 2363 548 04
T &7 435 a7 40 00 333 1170 1354 317B 1480 3134 731 o
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Figure 3: Discharge at Kalady -2004 (Measured- WRD) Vs Mass Balance Calculation

Table 11: Mass balance work- flow details at Kalady in m*/ sec (From 2001 to 2010)
Year Jan Feb  Mzr  Ap May Jun Jul Ans E=p Ot Wor  Dec Avens

01 4] 12 14 42 58 a2 431 453 1074 251 245 5 13

000 16 1 20 12 &0 00 131 =14 B52 a7 113 2 L
0B 15 13 1 4 18 s 1505 Bod | o 1% 50 el
0 1B 1 7 4 33 147 138 5E2 306 27 156 E 1%
05 5 g 4 11 18 133 1514 1141 1740 &1 4% B G50
006 4 n 30 3 148 3BE 1013 B2 405 B&T 737 0 385
2007 5 10 11 4% 18 257 1730 o] 1581 R 10Es 56 44
28 il 9 JE] E & 3 35 413 1387 253 ] L] 225
e 11 4 4 5 b 30 1581 BDE 1823 We 1B 45 43
X0 241 204 3o WE 3BF 1855 4B 3M3I 0 3085 B0 O3A1 0 136 1=
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Table 12: Measured flow details at Kalady in m*/ sec (From 2001 to 2010)
YEar Jan Feb Mar A May R Jul Anz Bep Ot Now Lec Aveze

2001 x 14 16 5l §2 31 550 551 o7 1] 3 17 163
000 i 16 33 12 o1 1% 1140 o o035 ETE 140 16 362
208 ] 13 21 & 11 B3 130 212 1037 T EJE] 73 383
2004 EF I 28 12 48 1% 25 732 24 B 18 53 108
2005 ] 12 1z il KL 1% 118l 1573 126 El3 497 132 547
006 10 M 33 32 17 385 1020 o0 412 8o T4 10 308
7 41 3 71 5 1 4 1440 &R 17 1006 10E &4 515
2008 42 17 50 141 13 180 440 450 o5 154 255 31 147
2000 x 17 2 X 33 7 1T no 176 335 2T 62 L
2010 5 ET 41 3 217 51 350 x4 339 38 15 05

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

Cpzfft of Cioefft of Coefft of Cpzfft of
Std Error Cosreltion  Feeression Sl Correlation Regression
Yezr ) T Tezr Emrar 'S Y 17
2001 5549 D984 29571 2006 244 0 9eRe DoovE
2002 &5.48 DoERE Qoves 2007 11043 o5E54 LE3
2003 1141 DeogT Doood 2008 4500 09862 08726
04 3714 ooEaT DoTTs 2000 & 0047 004
005 10306 09002 Doals 2010 5435 0ge1e D.B8E4

CONCLUSION

¢ Mass balance Study gives the discharge at any point or section

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

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

o The results obtained through the Mass balance were validated with measured discharges and found that
it has got a strong linear relationship.

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

o 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

e 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.

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