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Abstract
This paper aims at providing a solution for augmenting the runoff water from major lakes of Chennai and
Thiruvallur district of Tamilnadu. Hence an attempt was made to save surplus water from Puzhal,
Ayanambakkam, Koratur, Ambattur, and Retteri lakes have been proposed. To interlink Puzhal lake with
Koratur lake alignment is considered as it passes through the road network, excluding built-up areas.
Water quality analysis was also done with a minimum of three samples that were collected from each
lake. Samples were tested for pH, Total dissolved solids, Total suspended Solids, and Chemical oxygen
demand. The linking of the lakes is proposed based on the water quality assessment of each lake. This
study suggests an e�cient/optimal route or canal for interlinking lakes in a GIS environment. The
elevation differences, slope and dimensions of the canal, and the possible best location to link the
lakes/tanks were obtained through the spatial data in the GIS. This helps in an effective and optimized
management of the water supply for Chennai city.

Introduction
Water is required in all walks of life. Global natural changes and the need for various utilization of
expanding populace make water the board of troublesome assignment, particularly in creating nations
like India with detonating populace and powerless economy. All the more explicitly, developing interests
across serious areas, expanding dry seasons, declining water quality, especially of groundwater, unabated
�ooding, between-the-states waterway debates, developing money related crunch, lacking institutional
changes and implementation are portions of the pivotal issues looked into by the nation's water division.
Extreme water de�ciencies have just prompted a developing number of contentions between clients
(horticulture, industry, residential), intra-state, and between-state. With the expanding interest for water
from different areas like horticulture and family unit businesses, a relevant need emerges from the
administration part just as it is from the private segment on water assets administration. Objectives of
this research paper are to save water which is being wasted as runoff from Tiruvallur Lake, to protect
Tiruvallur district lakes from encroachments, to increase groundwater recharge by storing water in lakes,
to make water available during summer, to satisfy the water demand of newly extended boundary of
Chennai, and to Study the water quality on the selected lakes in order, linking lakes having similar water
qualities or type of treatment required before interlinking of lakes.

Review Of Literature
In southern parts of India, irrigation tanks are prevailing for decades together ([1], [2], [3], (Chapman,
1996)). One of the most unmistakable action centers in Indian urban communities is the up degree of the
urban seepage framework and best urban stormwater management practices. A major portion of the
investment was on constructing stormwater drains and adopting low-impact development concepts in
towns and cities to prevent �ooding during heavy storms. Stormwater drains are required to feed all the
surface runoff accumulated into the nearest surface water source, such as a lake or river, in the town or
area [5]. Lakes in urban and peri-urban regions are a critical interface between arrangement and nature,
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requiring earth-responsive strategies, identifying issues such as �ooding, water pollution, and water
quality with their complexity in plan and engineering. The standard assessment of Ahmedabad's six
interlinked urban pools has been completed to determine pollution levels in the lakes. It has been
discovered that the contaminations stacking from untreated tempest water are released using seepage
from urban catchments [6, 7]. EPA-SWMM (Storm Water Management Model) shows the stormwater
waste and the lakes to identify the wellsprings with pollution loadings. The situation was exacerbated
when the in�ows arrive at the downstream out�ow, where the aggregated signi�cant poison loads are
released in the water. It was inferred from the analysis that research undertakings such as linking lakes
in�uence the quality of water on lakes and disrupt the parity of the lake's biological structure and
contaminate the water.

Interlinking of lakes and ponds leads to diluting the pollutants and increasing the water quality [8]. Just
like interlinking rivers, the same procedure is also possible for small water storage structures [9]. A
catchment is the territory of the land that channels water into a water body. A catchment is arranged into
a smaller scale watershed, milli-watershed, a typical edge isolates sub watershed, watersheds, sub-
catchments, catchments, bowl, district, and a catchment. Catchment yield relies on the precipitation,
waste thickness, geology, soil type, land use, and so forth while the yield of a catchment is the complete
amount of water that can be normal in a stream in a given timeframe, for example, month to month,
yearly, and so forth [3]. Lakes have various uses and are signi�cant regions of human defray and
occupation [10]. The increase of impermeable surfaces in urban areas and increased water movement in
lakes has caused polluting declines in urban lakes [11].

[12] studied the various chemicals present in the Sambhar Soda Lake water situated in Rajasthan. The
results showed that maximum pH is 9.5, sodium (9930 mg/L), chloride (7356 mg/L), bicarbonates (6080
mg/L), sulfate (9152 mg/L. This study was on a saltwater lake and concluded that they required
continuous monitoring. [13] examined the Genotoxicity of water pollution at three sites of the Lake Sevan
Basin. They discovered that there was a signi�cant positive correlation between the parameter of the
Olive tail moment in cray�sh and the content of Al, Fe, Cu, and Mo. [14] investigated the water content of
87 groundwater samples from Rameswaram Island, including pH, electrical conductivity (EC), total
dissolved solids (TDS), salinity, total alkalinity (TA), calcium hardness (CH), magnesium hardness, total
hardness (TH), chloride, and �uoride. Statistical instruments are used to analyze their �ndings. They
concluded that a proper management strategy to provide potable water was needed. [15] investigated the
groundwater condition in Karayanchavadi, a suburb of Chennai near the Bay of Bengal. 30 samples of
groundwater were obtained and tested for pH, EC, TDS, TA, TH, Ca2+, Mg2+, Na+, K+, Cl-, SO4 -2, NO3 and
it was discovered that the pHs of all the wells were acidic to mildly alkaline.

[16] conducted the water quality analysis of Purur double lake, Chennai lakes. Five different samples were
collected from various locations and results of various chemical contents were presented and discussed.
The Water Quality Status of Three Vulnerable Freshwater Lakes in Chennai was investigated [17].
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Lakes are natural collectors of water drainage from pervious and impervious surfaces. Direct and indirect
discharge from residential and industrial areas in urban areas, rendering them vulnerable receivers and
resistant to eutrophication, is one of the most frequent and severe problems they face. The use of lake
waters is impacted by the loss of lake water content due to harmful physical interference. Anthropogenic
practices and municipal catchments, which drain wastewater to urban water bodies, are the main
pollutants in lakes, especially in urban environments, where a range of wastes can produce high toxic
levels in streams, contaminating lakes directly by surface runoff. In general, lakes are exposed to various
toxic substances that can potentially disrupt the lake system's balance [18]. Surface runoff from streets,
surface wastes from industrial and business areas are examples of diffuse urban origins. When liquid
runoff �ows into natural or arti�cial storm drains, there is diffusion from surface water passing into
waste collection sites and combined inputs from various locations. Slums surround the wetlands cause
lake waters to contact human excrement due to unregulated waste link dumps.

A study was carried out by [19] for the Lake Naivasha Basin in Kenya's Rift Valley. They considered two
water supply problems for horticulture and weather conditions in that lake area for developing a hydro-
economic model. They developed a Multiple Optimization Problems with Equilibrium Constraints
(MOPEC) model for economic aspects. [20] conducted a study on entry of microplastic of less than 5mm
in Redhills lake which is one of the major water supply lakes to Chennai city, Tamilnadu, India. The
present study was also carried out on one among the lake considered for interlinking. They examined 32
sediment samples covering the entire lake and the mean concentration of 27 particles per kg.

A model developed for groundwater quality considers both users and non-users but experts in hydrology
[21]. Parameters considered for modeling include groundwater quantity, climate change, socio-
hydrogeology, policymakers, media, and communications experts, mobile technology developers, and
social scientists. They concluded that developing a better understanding of the relationship between
societies and hydrogeological processes will be the freshwater wealth for future generations. [22]
investigated the characteristics of two nearby lakes based on the best usage criterion for optimization
and use. They analyzed 20 parameters of these two lakes for 3 months observations and analyzed the
water quality index concerning the depth of water in the lakes and they also had an introduction of a
Modi�ed Water Quality Index.

The benthic invertebrate composition was altered in many areas of the Great Lakes due to invasions by
dreissenid mussels and the round goby, making the use of the benthic invertebrate composition as an
indicator of environmental conditions more di�cult [23]. Changes in benthos were more closely linked to
dreissenid and goby invasions than changes in environmental quality. A study was conducted on water
quality analysis modelled for Canada's ice river lake system [24]. The environmental quality of water
connecting basins on the upstream side was assessed using their simulation model. Their model's output
could lower total ammonia and orthophosphate concentrations throughout the year, especially at Buffalo
Pound Lake. The mean absolute error for ammonium ranged from 0.03 to 0.08 NH4-N/L, 0.5 to 1.7 mg/L
for oxygen, and 0.04–0.13 NO3-N/L for nitrate.
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Lake systems can be harmed by excessive recreational usage, unregulated lake utilization, and human
activity around the lake. Chemical, nutrient, organic, and microbiological concentrations in surface and
sediments result from exposure to different causes of pollution. The contaminant load (mass per unit
time) distributed in the lake determines the lake concentration, referred to as �lling (mass per unit volume
or area per unit time). When developing water quality standards and strategies focused on permissible
concentrations, it is critical to distinguish between contaminant loads and packing [18]. Pollution in urban
lakes is caused by various exogenous and endogenous causes, making it di�cult to regulate the level of
pollution. The most direct solution is to minimize point source contamination by diverting e�uents from
agricultural, urban, and domestic sources and controlling solid waste dumped in lakes for recreational
purposes. Since pollutant loads still pass-through �ood network pipes, identifying contaminated urban
catchments is critical for reducing pollutant loads in the storm drainage system. Other techniques include
siphoning fresh water from rivers, underwater sources, and irrigation, which may have bene�cial
consequences if performed selectively, preferably towards the end of the strati�cation phase [25].

The ‘solution by dilution technique, on the other hand, is dependent on the context of the lakes and the
source of the siphoned water. The drainage of accumulated sludge along �ood water inlets around urban
lakes is necessary for the lakes to restore equilibrium.

Methodology
For the past 20 years, the annual rainfall data of the Chennai district are collected from Public Works
Department (PWD) Chennai. The study area map is presented in Fig. 1. The data obtained has been used
for the analysis of maximum rainfall, minimum rainfall, and average rainfall. The data are analyzed for
consistency and are used for the calculation of the yield of the catchment. Catchment boundaries of the
lakes are obtained from soil and land use survey of India site and the boundaries, area of the catchment
area is marked based on the key provided. The lakes are selected, so they are close to the reservoir to link
easily. Lakes that yield huge runoff during monsoon and lakes that are already connected naturally or
arti�cially are studied. Samples are collected based on central pollution control board norms.

Samples are collected from a minimum of three sides of the lakes and are tested in the laboratory. The
tests that are conducted in the laboratory are chemical oxygen demand, total dissolved solids, and pH.
Catchment yield is calculated using rainfall data, catchment area, and land use map. Different
coe�cients are assumed based on the type of land use Runoff is calculated using excess water let out
and the capacity of the lakes' series. The surplus water from the series of lakes is diverted to a nearby
reservoir, Puzhal Lake. Different alignments have been considered to interlink Puzhal lake and the series
of lakes so that when it is empty, the surplus water from these lakes can �ow into Puzhal in a gravity
�ow.

GIS technology is widely used for land resource management and urban planning. In this study, QGIS
open-source software is used for linking the lakes in the urban area. GIS is used to �nd out the suitable
canal alignment by considering the shortest path to connect different lakes, the elevation of the lakes,
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water quality from the water sample analysis in the different lakes, and population in and around the
lakes.

Result And Analysis
Criteria behind the selection of tanks are that all the lakes should be located nearer to the reservoir to link
easily, they should have a reasonable capacity preferably < 0.15TMC, and the catchment yields a high
quantity of water, annually. Table 1 presents the Capacity of each lake, catchment area, and mean depth.
Lakes that yield huge runoff during monsoon and lakes that are already connected naturally or arti�cially
are studied.

Ayanambakkam Lake is one of the lakes in the Chennai district located in Ayanambakkam village near
Thiruverkadu, which has a water-spread area of over 0.849 sq. km. This lake is also a signi�cant source
of water for the metropolitan areas of Chennai city. Earlier it was used for farming, but due to rapid
industrialization and growth, the lakes' water quality has deteriorated to a great extent. Ambattur Lake is
a rainfed reservoir that reaches its maximum level during the monsoon seasons. In November 2008,
incessant monsoon rain �ooded the lake, and invasions of the lake's north and south banks were
demolished. It also meets the drinking water needs of Chennai city next to lake Poondi and Lake
Chembarambakkam. It is one of the lakes in the chain of three water bodies, namely Korattur and
Madhavaram, where surplus water is transferred from one to another. It is highly polluted due to domestic
and sewage. Retteri lake is apart with �ora and fauna and the water quality is quite good compared to
other lakes. The size of the lake is greatly reduced due to encroachments. Korattur lake holds a water
spread area of over 4.006 sq. km. It is one of the largest lakes in the western part of the city and is a
chain of three lakes, including Ambattur, Madhavaram where surplus water from one is discharged to
another. The water from the lake has been supplied to Chennai residents when there was a shortage in
the late 1970s. Due to urbanization, the lake has been polluted to a greater amount, and the lake has
shrunk to nearly two-third due to illegal encroachments. Details of the land use in the study area are
presented in Table 2.
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Table 1
Capacity of Lakes

S.No Name of the lake Area in Sq. kM Mean Depth in ft Capacity in TMC

1 Puzhal 18.21 - 15.30 3.300

2 Ayanampakkam 0.809 -3.50 0.087

3 Ambathur 2.203 -3.20 0.228

4 Koratur 2.428 -2.50 0.214

5 Rettaieri 1.821 -2.35 0.150

  Total     0.679

Table 2
Land use of Study Area (Hectares)

Description Aynambakkam Ambattur Retteri Korattur

Built up area, urban 470 1758.21 1272.47 570.41

Built up area, urban 76.7 1.87 9.53 7.37

Water body 146.5 184 142 250.92

Agricultural land 316.8 45.92 306 126.3

The total amount of water that can be predicted in a stream over any period, such as monthly, annually,
etc. (Refer Table 3). It is a function of the catchment area, rainfall, type of soil, and land use. The
coe�cient of runoff varies used on the type of land use it is subjected to:

Q = C A P

Where C – Runoff coe�cient - given in Table 3 based on land use.

A – Area under the land use in sq. ft;

P – Rainfall in mm
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Table 3
Runoff Coe�cient

Land use Runoff coe�cient

Forests 0.1–0.2

Plantations 0.2–0.6

Agriculture 0.4–0.7

Open spaces, grassland 0.5–0.8

Built-up 0.7–0.9

Rocky areas, water bodies 0.8-1

From the rainfall data’s average rainfall of Chennai is 1317mm, i.e. 4.32ft since (1mm = 1/304.8 ft)

Ayambakkam
Q = ε(C A)

P = (0.8 X 470 + 0.7 X 76.7 + 1 X 746.5 + 0.6 X 316.8) hec X P in ft

= 766.27 hectares X P ft since (1 hectare = 107639 sq ft)
Q = 766.27 X 107639X P

= 82.48 X 106 sq ft X P in feet

Ambattur

Q = ε(C A)

P = (0.8 X 1758.21 + 0.7 X 1.87 + 1 X 184 + 0.6 X 45.92) hec X P in ft

= 1619.429 hectares X P ft since (1 hectare = 107639 sq ft)
Q = 1619.429 X 107639X P

= 174.31 X 106 sq feetX P in feet

Koratur

Q = ε(C A) P

= (0.8 X 570.41 + 0.7 X 7.37 + 1 X 250.92 + 0.6 X 126.3) hec X P in ft

= 788.187 hectares X P ft since (1 hectare = 107639 sq ft)
Q = 788.187X 107639X P
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= 83.76 X 106 sq feet X P in feet

Retteri

Q = ε(C A) P

= (0.8 X 1272.47 + 0.7 X 9.53 + 1 X 142 + 0.6 X 306) hec X P in ft

= 1350.247 hectares X P ft since (1 hectare = 107639 sq ft)
Q = 1350.247 X 107639 X P

= 145.3 X 106 sq feet X P in feet

Retteri is at downstream direction hence water has to be pumped to divert it there are two cases.

Without considering Retteri (P = average rainfall) Yield of the catchment

= (82.48 X 106 sq feet X P in feet) + (174.31 X 106 sq feet X P in feet) + (83.76 X 106 sq feet X P in feet)

= [(82.48 + 174.31 + 83.76) X 106] in sq ft X P in feet

= 340.55 X 106 in sq ft X P in feet

From the rain fall data’s average rainfall of Chennai = 1317mm = 4.32ft since (1mm = 1/304.8 ft).
Therefore yield of the catchment = 340.55 X 106 X 4.32 cu.ft = 1.471 X 109 cubic feet = 1.471 (TMC)

The water wasted due to over�owing of lakes= (yield of the catchment – the sum of the capacity of the
lakes) The Water wasted as runoff = 1.471–0.529 = 0.942 TMC ≈ 1 TMC

The Water wasted as runoff is equal to 1 TMC which is 30 % of Puzhals maximum storage (3.3 TMC)
capacity feet = 485.85 X 106 X P in fee = 485.85 X 106 X 4.32 cubic feet = 2.098 thousand million cubic
feet

The Water wasted due to over�owing of lakes = (yield of the catchment –the sum of the capacity of the
lakes) The Water wasted as runoff = 2.098–0.679 = 1.419 TMC ≈ 1.5 TMC

The Water wasted as runoff is equal to 1.5 TMC, which is 45 % of Puzhal’s storage (3.3 TMC) capacity.

Water Quality Analysis

A minimum of three samples was collected from each lake. Samples were tested for pH, Total dissolved
solids, Total suspended Solids, and Chemical oxygen demand and the results are given in Table 4. These
results will be considered while planning for the interlinking of these lakes. Further, these parameters are
within the permissible limits of WHO standards except TDS for Aynambakkam lake and Korattur lake.
Hence a proper remedy is taken before linking of lake's plan and design.
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Table 4
Water Quality of the Lakes

Parameters Permissible limits WHO
& CPCB

Puzhal Aynambakkam Ambattur Korattur Retteri

pH 6.5–8.5 5.5–
7.3

7.4 7.3 6.9 7.4

TDS (mg/l) 2000 3010 5080 1410 2740 810

TSS (mg/l) 600 410 420 90 260 190

COD (mg/l) 250 72 78 66 56 50

Interlinking of Lakes using GIS

GIS is speci�cally useful for water quality management since its ability to capture, store, analyze, and
view geographically referenced data. The growth of GIS applications for spatial data management and
interpretation is increasing day by day. This study combined GIS analysis features with water quality
parameters to link the lakes and the elevation of lakes. It is designed to process a wide variety of lake
data and geo-referenced datasets, providing the required input data for water quality assessment
methods and system planning. The related �ndings from the Case Study of the lake were then shown on
GIS maps. The data is obtained from the toposheet to develop GIS with a scale of 1m = 5km. As the open-
source software is nowadays used for the application, in this research, QGIS is used to extract the region
unit data at the level of point, line, and area, Chennai Lakes. This study's main parameter is the length of
linking and elevation between two lakes and water quality values. The toposheet extracted the various
lakes in the study area, roads, railway lines, residential area, and other land uses. Figure 2 shows the
study area's elevation map, which varies from − 10m to 53 m. Hence, linking the lakes required either
cutting or �lling of canals to the above slopes. Figure 3 shows the lakes with linking options with
elevation superimposed. The elevation pro�le of the lakes and corresponding linking possible lakes are
presented in Table 5, which is obtained from QGIS software. In Table 6, each linking lake and the
maximum, minimum, starting points, and merging point and length of the canal are presented. These are
the optimal length of the connecting the lakes, particularly length and slopes. Further, each lake's water
quality is considered before connecting the lakes to maintain the same quality of water. The important
point is small lakes will get �lled early and drained the excess water to the main water supply lakes in the
study area.

Table 5 Elevation Pro�le Extracted from GIS to Interlink Lakes
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Linking Lakes Elevation and Distance (in M)

Puzhal to Ambattur  

Puzhal Lake to Korattur
Lake

Puzhal Lake to Retteri
Lake

Ambattur to Korattur

Ayyapakkam to
Ambattur

Korathur to Retteri Lake
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Table 6

Maximum and minimum Elevation and Length of the proposed Canal for interlinking
Sl.
No

Lake Linking
Lake

Starting
slope (m)

Ending
Slope(m)

Maximum
Slope (m)

Minimum
Slope (m)

Total
length
(m)

1 Puzhal Korattur 16 12 17 11 1151

2 Puzhal Retteri 16 8 18 5 985

3 Puzhal Ambattur 14 14 25 11 2785

4 Ayapakkam Ambattur 16 12 21.91 11 1191

5 Ambattur Koratture 17 11 23 9.90 3643

6 Koratture Retteri 12 8 13.80 4 3203

Excess water from each lake can be easily moved to other partially full lakes during rain seasons by
interconnecting the lakes in Thiruvallur and Chennai districts. It is possible to reduce runoff waste in the
research region thanks to these types of connectivity solutions. In addition, since geospatial technology is
used to connect the lakes, an exact technique of determining the canal connection with the shortest and
most e�cient �ood route may be applied. Once the link is created, the authorities may monitor and
maintain the catchment areas of these lakes, which aids in the prevention of encroachment. Because the
lakes are being connected by canals, the groundwater level can be maintained along the canal path and
the canal due to the recharging of the water from these linking canals. During the summer seasons, it is
noticed that the Puzhal lake alone supplies water to the study area; however, if these lakes are connected,
water can be shared and delivered to the people for domestic use. The method of joining water with other
lakes can be conducted without any additional investigation, thus this research is carried out with water
quality examination in these lakes.

Conclusions
The canal's alignment is proposed based on hydrology, geology, land use views, out of which one is
selected as the most suitable for interlinking of lakes. The alignment considers factors such as shortest
distances between lakes, roads built-up areas, agricultural lands, etc. The canal's bed slope is not
considered as the interlinking is done in between the over�ow weir of the Korattur with that of the partially
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�lled Puzhal lake. A �eld survey is conducted for arriving at the most reliable alignment and to achieve a
minimum gradient. Water balance study and the over�ow rate must be studied before determining the
canal's size or culvert. Alignment 1 passes through agricultural lands, excluding the built-up areas (based
on land use map). The actual length of the �ow channel is 1.3 km.

The alignment has a minimum length passing through agricultural land. It does not have a gradient for
gravity �ow. Presently agricultural lands have been converted to buildings. Alignment 2 connects Koratur
upstream and Puzhal downstream and the length of the canal is about 3 km, but it passes through the
built-up areas or settlement areas. This alignment is between Puzhal downstream and Korattur upstream.
Hence a gravity �ow can be achieved. This alignment passes through the built-up area, adding up to the
cost. It traces the longest path. This alignment follows a zigzag path passing through roads and has
avoided the built-up areas. The length of the canal is 2 km. A minimum gradient can be achieved for
gravity �ow. Advantages are that this alignment passes through the roadside; hence no demolition of the
buildings is required, and gradient required for gravity �ow can be achieved. The disadvantage is that the
gradient achieved is minimum; hence it requires to have a large cross-section.
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Figure 1

Study Area Map
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Figure 2

Elevation map of the Study Area



Page 18/18

Figure 3

Lake Interlinking with Elevation Map


