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ABSTRACT 
 

Water is one of the essential commodities for survival of human beings. It is 
required for domestic purpose, irrigation, industrial and other uses, which are very 
relevant for survival and progress of society. That is why important civilizations of 
the world have grown and prospered around perennial rivers. With rapid growth of 
population and development of modern technologies in various fields, the 
requirement of water has substantially increased. The perception that water is 
available with us in abundance no longer holds true now. Water is becoming an 
increasingly scare resource in many countries, as competition among agriculture, 
urban and industrial users become more common (Water Resource and Environment 
Technical Note F1, 2003). World wide agriculture is the single largest user of water, 
accounting for about 69% of all use. About 25% of water withdrawals supply the 
industrial and energy sectors and just 8 % are used for domestic and household use. 
Water availability is neither adequate nor equitable to all human beings and in all 
regions of the country as well as in the world. The problem is more acute in Africa 
and West Asia and in many other developing countries including India.  In addition 
to the problems of limited availability of water, there is problem of water quality 
leading to various biological and chemical contaminations. The major reasons 
identified for the shortage are uneven distribution of rainfall, which is received in 
100 hours a year as against 8,760 hours, inadequate harvest and use of available 
rainwater, and unscientific management of ground water. The ground water, which 
was abundantly available at shallow depth upto mid-seventies, depleted and had 
gone down to the level of beyond 100 meters at many places1-3.  
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Because of these problems the need of water conservation is being realized 
everywhere and consequently various schemes for augmentation of water supply 
and conservation of water bodies have been started by many governments through 
community participation. 

In India, number of surface water resources has become polluted. In last few 
decades, the pollution level has led to such a grave situation that hardly any water 
resources are available which could be used without a hitch. Therefore there has 
been a growing concern for conservation and management of the available water 
resources4.  

The Laharpur reservoir situated in the outskirts of the Bhopal Town (India) has 
become a victim of pollution due to anthropogenic activities. Since its construction 
the reservoir, is subjected to the process of siltation which has reduced its depth 
substantially besides the inflow of sewage in last decade has resulted in increasing 
the nutrient level. The accrual of nutrients in the reservoir resulted in prolific growth 
of weeds. Mortality of fishes has been reported at many instances.  

The deterioration of water quality has invoked the need for conservation and 
management of the reservoir. The present paper is focused towards the problems 
and consequent conservations strategies to be adopted for abatement of pollution 
and conservation of the reservoir. 
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INTRODUCTION 

Big and small water bodies, in the form 
of lakes and reservoirs, dot the landscape of 
South Asia. Unfortunately, the last half of the 
20th century has witnessed large-scale 
degradation of the environment in general, 
and water resources in particular, due to 
multiple anthropogenic factors such as 
unprecedented population growth, and 
consequent urbanization, industrialization 
and chemical intensive agriculture5, 6. Among 
the first victims of the degradation process 
were the lakes and reservoirs in the vicinity 
of urban areas that underwent large-scale 

pollution due to inflow of sewage, industrial 
effluents and toxic chemicals. In most cases, 
nutrient enrichment led to eutrophication of 
water bodies, exhibiting negative 
manifestations such as:  

 Loss of water-spread area due to 
siltation  

 Algal blooms and  excessive growth 
of macrophytes  

 Water quality degradation. 

The Laharpur reservoir is one such 
example that becomes the victim of 
urbanization in last couple of years. 
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SALIENT FEATURES OF THE RESERVOIR 

Name of District Bhopal 
Name of River Local Nala – A tributary of Kaliasote River of 

Betwa Basin 
Location Latitude – 230-11’-45” 

Longitude – 770-28’-45” 
Hydrology 
75% dependable yield 11.15 M. Cum 
Maximum flood discharge 360 cum 
Maximum discharge through Sluice 3.40 Cum 
Reservoir capacity 
Gross Capacity 6.13 M.Cum 
Live storage 6.10 M. Cum 
Dead storage 0.03 M/Cum 
Water spread area 3.50 M. Sq.m. 
Dam details 
Type of dam Masonary dam 
Maximum height of dam 12.10 m 
Top width of dam 6.10 m 
Catchment area 29.53 Sq Km 
Lowest water level R.L.466.80 m 
Crest Level R.L. 467.55 m 
Full Tank level R.L.471.30 m 
Maximum water level R.L. 473.10 m 
Top Bund Level R.L. 473.10 m 
Waste weir 
Type of waste weir Central spill way 
Length of waste weir Maximum 
discharge through 

44.05 m (including pier) 

Waste weir 360 Cumecs 
No. of gate and type 7 No. Radial crest gate (vertical lift gate) 
Size of gate 4.75 m X 3.75 m (Gates are not installed) 
Value of ‘Cd’ 0.60 
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Climate : The micro-climate of the lake 
region is very pleasant, warm in winter and 
cool in summer. The sources of the runoff of 
the reservoir in the area are precipitation and 
rainy season provides more than 90% of the 
total rainfall during the months of July, 
August and September. The area has a warm 
climate and sufficient rainfall, suitable for 
the growth of various plants.  

Function of The Reservoir 
The reservoir has multiple functions of 

irrigation water supply, climate regulating, 
flood regulating as well as recharging of 
ground water, aquaculture and aesthetic 
values. 

Vegetation Resources 
The area has a warm climate and 

sufficient rainfall, suitable for the growth of 
various plants. Main crop in the area is wheat 
and soybean. Apart from this Rata Pani 
Sanctuary is situated few kilometers away 
from this reservoier. The commercially 
important trees in this region are Teak, Sal 
and Sisoo etc. However human activities in 

last two decades have greatly reduced the 
forest coverage in this area7. 

Aquatic Resources 
Fishery has the potential in the 

development of aquatic organism resources 
of Laharpur Reservoir. The reservoir has a 
water spread area of 3.50 M. Sq.m ha. The 
reservoir has become shallow with an even 
bottom. The dense aquatic vegetation of the 
water body provides rich biological basis for 
fish. However the present fisheries output is 
very low and is about 40 Kg/ha. So the 
reservoir has much potential for developing 
aquaculture. Main aquatic products of the 
reservoir are Indian Major Carp, like Labeo 
rohita, Catla catla, Cirrhinus mrigala 
common carp. 

Inlets of Laharpur Dam 
The Laharpur Reservoir receives water 

from four major inlets. These inlets carry 
domestic sewage and wastewater from 
southeast part of the city. On an average each 
drain travels a distance about before joining 
the reservoir. The major drains in the area are 
as follows : 

 
Map : Catchment area of Laharpur reservoir (Source: Google Earth) 
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1. Anna Nagar sewage fed Drain : This 
drain starts from 1250 quarters and 
traverse through ‘6’ number stop before 
joining with the main stream near 
Bhopal Dugdh Sangh at Habibganj. 
While passing through Bharat Heavy 
Electrical Limited (BHEL) Township, it 
receives sewage from the Habibganj 
Hospital Colony, Shakti Nagar and 
Saket Nagar area. 

2. Shahpura Sewage fed Drain : This 
drain originates from 1100 quarters, E/8 
and passes behind the Asha Niketan 
Hospital and crosses the Railway under 
bridge. It also collects untreated sewage 
from Habibganj Naka hutment and 
traverse through Railway colony and 
Regional Research Laboratory. 

3. Barkhera Nalla : This is the third drain 
which carries sewage from the BHEL 

area and traverses a distance of not less 
than 10 km before joining to the 
reservoir. 

4. Barkhera Pathani Nalla : This is the 
fourth Nalla, which is responsible for 
carrying sewage from the Areas 
adjoining to Barkhera Pathani. 

Environmental Problems 
The Lahapur reservoir has both rural and 

urban catchments. In last few years the lake 
became surrounded by habitations with the 
growth of the city. These developments 
resulted in anthropogenic pressures on the 
lake which accelerated the eutrophication 
process thereby making the water body un-fit 
for human consumption8,9. 

The major issues concerning the 
environment of the lakes are described  
below :  

 

Problems Causes 

Reduction of water storage 
capacity of the Reservoir 

1. Inflow of silt and organic materials from urban and 
rural catchments, along with monsoon runoff and 
dry weather flow. 

2. Besides, addition of clay and non-biodegradable 
materials through immersion of idols 

Inflow of insufficient quantity 
of water through inflow channel 

Constriction of inflow channel  for smooth flow of water, 
due to deposition of silt 

Deterioration of water quality 1. Inflow of untreated sewage from habitations; 
2. Dumping of municipal wastes  
3. Dissolving of paints in water during immersion of 

idols; 
4. Chemical fertilizer runoff from the catchment; 
5. Washing of clothes resulting in release of 

detergents; 

Flourishing growth of invasive 
aquatic plants 

High nutrient load in the reservoir due to inflow of 
sewage and agricultural wastes 
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MATERIAL AND METHODS 
Water Quality  

During present investigation, monthly 
water samples were collected from five 
different sampling points of Laharpur 

Reservoir8-10. Analysis of the parameters 
were done following the standard method as 
prescribed in APHA (1995). The details of 
the water quality of various stations of 
Laharpur reservoir is shown in Table 1 and 
Fig. 1-12.  

Table 1 : Features of Laharpur Reservoir’s water quality with reference to 
eutrophication.

Item Saket Nagar 
Nalla Center of Reservoir Outlet of 

Reservoir 

Physical color Dark /black  green  green 

Properties SD (cm) 6-10 74-112 Not Done 

Chemical pH value 7.3 7.6 7.8 

Properties     

 DO 0.4 4.8 4.4 

 TDS 874.22 411.28 472.34 

 Nitrate 
(mg/L) 

9.22 5.28 7.23 

 Ortho-
phosphate 
(mg/L) 

8.54 7.45 6.67 

Biological Chl–a 
mg/m3) 

4 328 224 

Features     

 Number and 
dominant 
algae 
species 

2-4 million 
ind./L 
Euglena 
Spiruina 

12-40 million 
ind./L  
Microcystis 
Mougeotia Cyclotella, 
Chlamydomonas, 
Micractinium, 
Closterium, 
Euglena 

10-34 million 
ind./L  
Microcystis 
Mougeotia 
Chlamydomonas, 
Micractinium, 
 

 Dominant 
zooplankton  
species 

Numerous, 
Protozoans 
 

numerous, 
Rotifera  
Mesocyclops 

Polyarthra trigla, 
Bosmina 
longirostris 
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Brachionus 
Calyciflorus, 
Daphnia pulex 
Keratella cochlearis, 

 dominant 
zoobenthons 
species 

Chironomid 
Lavae 

Gastropods Gastropods 

Bottom matter  Soft and 
thick 
decomposabl
e sludge, 
remains of 
animals and 
plants, 
sometimes 
stinking 

Soft Black sediment,  Soft Black 
sediment, 

 
RESULTS AND DISCUSSION 
The transparency of the water body 

during the period of investigation varied 
from 2 cm to 17 cm (Fig. 1). Maximum 
transparency was recorded in the water 
sample collected from centre of the reservoir 
which was found to have minimum effect of 
anthropogenic activities. The lowest value of 
transparency was observed in the water 
samples collected from Saket Nagar drain 

which bears the raw sewage from the 
residential colony of Saket Nagar and Shakti 
Nagar.  

In this station highest value of turbidity 
was also recorded. Turbidity during the 
period of study ranged from 17 JTU to 38 
JTU (Fig. 2). The water sample collected 
from centre of the reservoir depicted least 
turbidity value. In general turbidity showed 
an inverse relation with that of transparency. 
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Fig. 1 : Variation in Transparency in different 

stations 
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Fig. 2 : Variation in Turbidity in different 
stations 
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Turbidity is the measure of the fine 
suspended matter in water, mostly caused by 
colloidal matter, silica of diatomaceous earth 
that could cause the optical effect. The 
suspended matter causing turbidity in the 
reservoir is mostly silt, non-living organic 
particulate, plankton, and other microscopic 
organisms, in addition to suspended organic 
or inorganic matter.  

Total dissolved solids in the reservoir 
also recorded highest value especially in the 
water samples collected from Saket nagar 
nalla while minimum value was observed in 
the water sample of northern part of the 
reservoir (Fig. 3). This area was found to 
harbour large quantity of algal blooms. 
Dissolution of large number of salts in the 
form of carbonates, bicarbonates, chlorides, 

sulfates, phosphates, and nitrates of calcium, 
magnesium, sodium, potassium, iron, and 
manganese are probably responsible for 
increasing the concentration of total 
dissolved solids in the reservoir water. 
Higher values of TDS in general can reduce 
the solubility of gases (like oxygen) and 
utility of water for drinking, irrigational, and 
industrial purposes. With the increase in 
Total Dissolved Solids, simultaneous 
increase in conductivity in the reservoir 
water was also recorded. The maximum 
value of conductivity was also observed in 

the water sample collected from Saket nagr 
Nalla. In other parts of the reservoir, 
conductivity values ranged from 0.314 
Ms/cm2 to 0.471 Ms/cm2 (Fig. 4). The 
maximum value was recorded in the water 
samples collected from outlet of the 
reservoir. 

The ability of water to conduct an 
electric current is known as conductivity or 
specific conductance and depends on the 
concentration of ions in solution. 
Conductivity is measured in milli siemens 
per centimeter. The measurement was made 
in situ, or in the field immediately after water 
sample has been obtained, because 
conductivity changes with storage time. 
Conductivity is also temperature-dependent; 
thus, if the conductivity meter used for 

measuring conductivity is not equipped with 
automatic temperature correction, the 
temperature of the sample should be 
measured and recorded.  

Dissolved oxygen is the most significant 
parameter, because it regulates the metabolic 
processes of the organisms. It acts as an 
indicator of water quality, trophic status and 
magnitude of eutrophication. The rate at 
which atmospheric oxygen dissolves in water 
depends upon temperature, partial pressure 
of gasses in the atmosphere, concentration of 
dissolved salts, wave action, relative 

874.22

411.28

472.34

385.27
366.47

0

100

200

300

400

500

600

700

800

900

1000

TDS  (mg/l)

C enter of R es ervoir

O utlet of R es ervoir

Wes tern part

Norther P art of
R es ervoir

S aket Nagar Nalla, 

 
Fig. 3 : Variation in TDS in  

different stations 
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solubility, pollution, inflowing under ground 
water, photosynthetic activity of plant and 
respiration by bacteria, plant and animal in 
aquatic ecosystem. During present 
investigation, maximum value of dissolved 
oxygen was recorded in the water sample 
collected from the center of the reservoir 
while the minimum value was observed in 
the water sample collected from Saket Nagar 
Nalla (Fig. 5). 

The higher availability of Dissolved 
Oxygen resulted in increasing the hydrogen 
ion concentration in the water. pH is the 
indicator of acidity and alkalinity of any 
aqueous system. Hydrogen ion concentration 
is an important environmental factor the 
variation of which, among other causes are 
linked with the chemical changes, species 
composition and life process of plant and 
animal communities inhabiting in them. 
During the period of study pH values 
remained within the range 7.2 to 7.8. In 
general the reservoir water found to be 
slightly alkaline in nature (Fig. 6).    

Alkalinity is a measure of the ability of 
water to neutralize or assimilate acids. In 
other words alkalinity of a water sample is 
reflection of the buffering capacity of that 
sample. While pH of a sample indicates the 
state of the H–OH equilibrium, alkalinity 

indicates the capacity of the sample to 
maintain this equilibrium in the wake of 
addition of acids. The minerals which 
dissolve in water from soil, atmospheric 
inputs and waste-discharge provide the 
source of alkalinity; various ionic species 
that contribute to alkalinity include HCO3, 
CO3

-2, OH, HPO4
-1, and NH3. Respiration 

and microbial decomposition of organic 
matter also contribute to the alkalinity in the 

form of salts of weak acids such as acetic, 
propionic and hydro-sulfuric acids. Though 
various ionic species contribute to alkalinity, 
in most of the natural waters, the alkalinity is 
almost entirely due to bicarbonates, 
carbonates and hydroxides. For example, in 
unpolluted natural water most of the 
alkalinity is due to bicarbonates or, if algae 
are flourishing, due to carbonates and 
hydroxides. These contributions are pH 
dependent, because the relative concentration 
of the carbonate and bicarbonate ions with 
respect to other species involved is 
influenced by pH Alkalinity is therefore a 
gross property-like pH, acidity, conductivity, 
and hardness – and may result from one or 
more sources. During present study range of 
alkalinity varied from 76 mg/liter i.e. western 
part of the reservoir to 116 mg/liter i.e. in 
Saket nagar nalla (Fig. 7).  
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Fig. 5 : Variation in Dissolved Oxygen in 

different stations 
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Fig. 6 : Variation in pH in different stations 
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Chloride ion is essential to the 
electrolytic balance of essential ions, in our 
bodies.  Because there is a continuous intake 
and excretion of chloride from all animals, it 
is one of the more abundant anions found in 
wastewater and are good indicator ion for 
pollution sources.  Chloride gives water a 
salty taste, detectable at a level of 250 ppm if 
the cation present is sodium, but with 
calcium and magnesium as counter ions, this 
salty taste is not detectable until the chloride 
concentration reaches up to 1000 ppm. 
During present investigation concentration of 
Chloride varied from 41.95 mg/liter to 85.94 
mg/liter (Fig. 8). An important natural source 
of chloride is the anthropogenic sources. 
Anthropogenic sources of chloride in surface 
waters include wastewater. High chloride 
levels can pose a threat to crops, some 
animals, and fresh water aquatic plants that 
don’t have mechanisms to increase the rate 
of corrosion of metallic pipes. 

During present investigation total 
hardness values ranged from 154 mg/liter to 
184 mg/liter (Fig. 9).  

Phosphate compounds are present in 
fertilizers and in many detergents. 
Consequently they carried into both ground 
and surface waters with sewage, industrial 
waste and agricultural runoff. High 
concentration of phosphorous compounds 

may produce a secondary problem in water 
bodies where algal growth is normally 
limited by phosphorous. In such situation the 
presence of additional phosphorous 
compounds can stimulate algal productivity 
and enhance eutrophication. During present 
investigation orthophosphate values were 
observed within the range of 4.67 mg/liter to 
8.54 mg/liter (Fig. 10). The minimum value 
was recorded in the water sample collected 
from western part of the reservoir whereas 
the maximum concentration was observed in 
the water sample collected from Saket Nagar 
nalla. 

Nitrogen and phosphorous are the major 
classes of nutrients required for the growth of 
aquatic plants. Excess phosphorous in the 
form of phosphate (PO4

-3) enter a water 
supply, either from agricultural runoff or 
from municipal waste causes eutrophication, 
or nutrient enrichment, of lakes and ponds. 
Although eutrophication is a natural 
phenomenon also cited with aging of a lake, 
the process can be greatly accelerated by 
contributions of pollutants from human 
sources. A eutrophic water body of water can 
produce massive algal blooms. The alga 
present in the contaminated water grows 
rapidly in the presence of excess nutrients. 

Nitrate is the highest oxidized form of 
nitrogen and in water its most important 
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Fig. 7 : Variation in Total Alkalinity in 

different stations 
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source is biological oxidation of nitrogenous 
organic matter of both autochthonous and 
allochthonus materials. In ground water 
nitrates may find way through leaching from 
soil and at times by contamination. The high 
concentration of nitrate in water is indicative 
of pollution. It is an important plant nutrient, 
when present in excess it causes ubiquitous 
growth of algae. In Laharpur reservoir values 
of Nitrate varied from 5.28 mg/liter to 9.22 
mg/liter (Fig. 11).  

The minimum value was recorded in the 
center of the reservoir while the maximum 
value was observed in the water sample 
collected from Saket nagar nalla. The main 
causes of water pollution of Laharpur 
reservoir are the indiscriminate use of 
pesticides and fertilizers on western part of 
the catchment, especially where intensive 
farming is practised., and inflow of waste 
from newly developed urban establishments. 
The inflow canal from western part brings 
substantial quantity of sewage resulting in 
degradation of water quality of the reservoir. 
Sporadic die-offs of aquatic fauna and flora 
give evidence of such degradation.  

The water quality of Laharpur Reservoir 
is slightly acidic in nature while the bottom 
recorded high values of BOD and COD (Fig. 
12 and Fig. 13). Presence of higher values of 
phosphate in almost all the sampling points 

shows that the water is highly enriched with 
nutrients and is prone to bacterial 
contamination. The higher concentration of 
Nitrate and Phosphate in the nalla water may 
result in contamination of the adjoining 
ground water. In due course of time, 
increased anthropogenic activities in the 
catchment have resulted an increased inflow 
of silt, untreated sewage, nutrients and 
pesticides from urban and rural areas, and an 
overall deterioration of the lakes’ water 
quality.  

History of Water Quality Degradation 
Assessment on the parameters at different 

sampling points reveals that the reservoir is 
already hyper-eutrophic (Table 1). 
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Fig. 9 : Variation in Total Hardness in 

different stations 
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Fig. 10 : Variation in Chloride in different 

stations 
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During the last two decades the water 
quality has deteriorated substantially. Now 
the water quality has exceeded the class B as 
per BIS standard, which means the water is 
not suitable for potable purpose. 
Management of Lake Environment 
Conservation and Management Programs 
and Processes 

Bhopal city, the capital of the state of 
Madhya Pradesh, is bestowed with several 
man-made water bodies created through the 
centuries. The Laharpur Reservoir, created 
during sixties has become an important water 
body due to increased dependency on it by 
the growing population. This man made 
reservoir once created for catering the 
irrigation needs of the down stream 
stakeholders subjected to various 
environmental problems resulting in 
deterioration in its water quality mainly due 

to inflow of sewage and agricultural residues 
as a result of tremendous population growth 
(about 70,000 in 1951 to about 1.8 million in 
2008) and rapid urban development around 
this water body especially on the eastern and 
northern parts  

Therefore visualizing the importance of 
this reservoir in coming years, conservation 
and management of this water body is being 
realized by the local government and the city 
administration. The paper therefore 
highlights the problems of the water body 
and actions required for conservation and 
management of this reservoir. 

The State Government of Madhya 
Pradesh has initiated Action Plan for 
Conservation and Management of this 
reservoir. Some of the action plan proposed 
in the integrated management plan is given in 
the Table 2 (Master Plan, MPLCA, 2006). 

Catchment Area Management Reservoir Water Management 
1. Fringe Area Protection through Buffer 

Zone Plantation 
1. Development of Sewage Fed Fisheries 

2. Up-Stream Sewage management 
through interception and treatment 

2. Off loading of Nutrient through De-
weeding and De-silting 

3. Solid Waste Collection and Reuse 
through Recycling 

3. Reduction of nutrients through 
Biological Control of Weeds 

4. Land Scaping and Development of 
Park 

4. Up-gradation of Water Quality through 
installation of Floating Fountain and 
Ozoniser 

5. Management of Storm water  
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Fig. 12 : Variation in BOD in different 
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CONCLUSION 
The Laharpur reservoir has become a 

victim of anthropogenic activities due to fast 
urbanization. Like this water body almost all 
the water bodies of the city has been facing 
similar kind of experiences. Therefore for 
protection of the water bodies the   Bhopal   
Development   Plan   2005, prepared   by   
the Directorate of Town and Country of 
Madhya Pradesh, has included the following 
regulatory measures for the protection and 
management of lakes and reservoirs in the 
state of Madhya Pradesh: 

 The fringe areas of the lakes have 
been declared as sensitive zones. 
Therefore ‘No construction and 
development activities in atleast 
30m space from the Full Tank Level 
(FTL) of urban water bodies’ is to be 
strictly followed. Further the lake 
fringe is to be kept free from any 
further construction except passive 
recreation; 

 Agriculture practices right along the 
lake fringe areas is to be discouraged 
so that water is not polluted due to 
the addition of chemical fertilizer, 
pesticide and insecticides. 

A. Management of the reservoir and its 
Catchment  

The management of lakes and reservoirs 
for their sustainable use is directly linked to 
their catchment. In other words, a water body 
is a reflection of its catchment, and therefore 
number of measures must be taken to protect 
the catchment. This includes:- 

 Developmental activity which affects 
the green coverage and landscape 
should be totally prohibited along 
with the developmental activities 

associated with human settlements in 
the catchment  

 Runoff  from non-point source (i.e., 
from the drains) must be trapped; 
and, 

 Alternative agriculture practices like 
organic farming should be 
encouraged especially to facilitate a 
change in fertilizer consumption 
patterns, from chemical to organic 
fertilizers. 

B. Awareness Raising, Education and 
Stakeholder Participation are Essential 

Stakeholder involvement, including 
Fisherman communities and common people, 
should be an integral part of the management 
program. Their interest in the water body 
needs to be sustained through awareness 
campaigns and other eco-friendly activities. 
C. Protection of waterfront  

The waterfront of any water body is 
always susceptible to encroachments and 
pollution, thereby requires protection as a 
major management action. This should be 
achieved by declaring a buffer zone from the 
full tank level of the water body as a “No 
Construction Zone,” by developing and 
demarcating the area as a biophysical zone. 
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