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This paper presents a solution to the problem of selecting waste disposal site for a municipal
area. This methodology is based on the data available from Google Earth, IRS 1C LISS Ill and
GIS database. The method presented here was applied to a case study of Gondia Municipal
Council for selecting suitable waste disposal site and it is found that this is a very effective
procedure and can be successfully used in selection of waste disposal sites for other cities.
The method is mainly based on the following parameters- bedrocks depth, slope of ground,
water table depth, soil types, permeability etc. and the weight ages are given to these parameters
and the best site is selected on the basis of the scores secured in respect of these important
parameters. The efficacy of solid waste disposal depends upon selection of proper site and
there are several issues that have impact for site selection. The ultimate aim of this study is to
select a site for Gondia Municipal Council for Municipal Solid Waste disposal where the further
most protection of the environment is achieved. The proposed site selection is a part of
environmental planning for sustainable development of the area, where the principal part is of
problem to select landscape that is functionally safe non-hazardous, environmental protective
and economically viable.
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INTRODUCTION

Urbanization has brought forth several maladies
and suffering to human kind, besides bringing
economic and cultural development in its fold. Due
to pressure of urbanization most of the cities are
growing fast and sometimes they develop beyond
the planned limits. Generally the unplanned areas

of the city contain a quarter of the total population,
where the spatial information is missing because
of non-availability of up to date maps at town level
in India (Manual of Procedure for preparation of
wastelands Digital database using Remote
sensing GIS Techniques, 1997). Due to increasing
urbanization, industrialization and population,
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large amount of wastes are being generated in
different forms such as solid, liquid, sludge and
gases. Each city produces tones of solid wastes
daily from house holds, hospitals, industry, offices,
market centers, etc. some of these are bio-
degradable, some are non biodegradable and
hazardous waste. Wastes are directly thrown
away on the streets, city garbage collecting
places etc. Out of which most of it still remain
there, which later pile up and chock cities drainage
lines.

Municipal solid waste, usually known as
rubbish or garbage, is made up of things we
commonly dispose off by throwing away. This
household type of waste ranges from our package
wrappings, food and scraps. It does not contain
industrial, medical, hazardous, or construction
waste. Despite sustained improvements in waste
reduction, household waste remains a constant
concern because trends indicate that the overall
tonnage we create continues to increase. In the
year 2001 the total MSW of GMC was around
10880 Tonnages, where as in the year of 2007
MSW of GMC was found 16800 Tonnages. Hence
itis observed the MSW of GMC has increased to
the tune of 54 % in seven years that is by 5920
Tonnages in the year of 2007 from the level of
2001.

The average generation rate of individual MSW
at GMC has remained relatively constant since
the 2001 at 0.32 kg per person per day. Sources
of MSW include both residential and commercial
locations. We estimated residential waste to be
55 to 60 % of total MSW generation. Waste from
schools and commercial locations, such as
hospitals and businesses, constitutes 35 to 40
% of MSW.

MSW IS ANALYZED IN THREE
TYPES

The first is by material (paper and paperboard,
yard trimmings, food scraps, plastics, metals,
rubber, leather and textiles, wood, glass, and

The second is by major product categories,
which include durables (like electrical appliances,
furniture), nondurable goods (like newspapers,
disposable diapers, and clothing), containers and
packaging (like milk cartons, corrugated
cardboard boxes, and plastic wrap), and

The third is by other hazardous medical
wastes (like Blades, Glass Slides; Glass Tubes,
Suture Lancets, Probes, Spears, Scrappers,
Scissors, Syringes, Visibly Dripping Waste Blood:
contain fluids where possible and deposit any
items saturated with visibly dripping blood in
regulated waste container. Infectious Suction
Tubing, Specimen Containers, (Mostly from
Pathological Labs), Cultures & Stocks of agents
infectious to humans. Dressings, Gauze, Pads,
Masks, Globes, Cotton,
Respiratory Suction Tubing, Ventilator Tubing,
Foley Bags, Foley Catheters, Red Rubber
Catheters, Diapers, Towels, Tissues Plastic
Medication Vials etc.

Gowns, Tape,

The hospitals and bio medical facilities meant
to ensure better health have unfortunately become
a potential health risk due to mismanagement of
the infectious waste. Realizing this, Ministry of
Environment and Forests, Govt. of India notified
the rules, called Bio-Medical Waste (Management
and Handling) Rules, 1998, which has come into
force since July 27, 1998 (www.cpcb.nic.in/).
Violation of the above rules is found at present
disposal site of GMC, which can be seen in the
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enclosed Photographs. The situation of medical
waste management in entire GMC is pathetic and
hazardous.

The effectiveness of solid waste disposal
depends upon selection of proper site and there
are several issues that have impact for site
selection. Broadly they are divided into three
categories as under:

a) Economic b) Social and c) Environmental.

The Geological, Geotechnical and Hydro
geological parameters fall within the
environmental category. The ultimate aim is to
select prospective sites where the greatest
protection of the environment is provided and for
proper and economical disposal of MSW of GMC.
Site selection is a part of environmental planning,
where the principal part is of problem to select
landscape that is functionally safe (E.P.A., 2001b).

METHODOLOGY

Keeping the objective of selecting functionally
safe waste disposal site for GMC, the present
study has been undertaken to extract information
from IRS 1C LISS lll, Google Earth, Toposheet
No.64 C/3 and high resolution PAN imagery
regarding identification of wasteland. Identification
of wasteland to select it as a waste disposal sites
is crucial because it involves study of number of
parameters (Environmental Protection Agency,
2001c).

Spatial analyst of TNT Maper for selection of
waste disposal sites was used. As it is well known
that GIS is a system, which plays a special role
in the context of generating and managing
complex environmental database system. The
use of GIS is found ideal for preliminary waste
disposal site selection studies. Once a GIS
Database is developed, it can provide an efficient

and cost effective means of analyzing the best
site for disposal of solid waste. Various field
analyses carried out, which were required to
finalize the parameters, which govern the
selection of such site.

Study Area

Gondia urban complex has been chosen for the
present study. Gondia urban complex is urban
agglomeration of Tirora, Amgaon, Goregaon,
Salekasa, and some other small towns. It is
situated on the central plateau of Sakoli formation
with its cardinal points 21 © 27°26" North latitude
and 80° 12’ 53" East longitude with an altitude of
308.45 Meters above MSL.

GMC covers an area of 24 Sq Km. According
to census data of 2001 the population was 1.2
Million and percentage of literacy rate was 67.67
but as on 2009 the population of GMC is
approximately around 1.6 Million in 2001 the
number of household was 27702 and as on 2009
the number of household is 30472.

Results of Selection of Solid Waste Disposal
Site

Based on image interpretation of IRS 1C, P100/
RO57 LISS 3 dated 11 March 2000 three possible
sites for waste disposal has been identified. On
the basis of actual field data, parameters of site
sensitivity index are given credence. The value
of sensitivity index is multiplied by the corre-
sponding credence, results in a score of the
parameters. Inorder to achieve the objective sets
for, the cross parameter relationship method has
been adopted in which credence of different
parameters were assigned on the basis of their
importance showing in the Table 1. This procedure
included the following steps:
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Table 1: Parameters with Weightages for
Municipal Waste Disposal Site

Weightage for Municipal
Waste Disposal Site

Criteria

Geological 280

Bedrock depth 80

Slope of the ground 60

Type of rock 70

70

Structural features

Hydrological (Surface and

Ground Water) 260

Water table depth 90

80

Fluctuation of water table

50

Drainage distance (m)

40

Ground water yield

Geotechnical 80

Soil type 30

Permeability/Porosity 50

Socio-Economical 380

90

Population within 1km radius

Land use 100

40

Distance from waste producing units

30

Transport route present

60

Distance from Airport

Type of waste 60

Selecting criteria for evaluation of MSW sites

» Apportioning a total score of 1000 among the
assessment criteria based on the importance.

» Developing Site Sensitivity Index (SSI).

+ Estimating score for each parameter for
various sites alternatives using SSI.

» Adding the score for individual site alternatives
to rank the alternatives based on total score.

« Classification of the site based on final score.

Based on extensive study, following
parameters were used for the selection of solid
waste disposal sites and results are shown in
Table 2. The type of rocks and Depth of bedrock
presentin the area, geological structural feature
of the area, slope of the ground, ground water
table depth of the area and fluctuation of water
table, ground water yield, distance of surface
drainage, nature and properties of sail, population
around the site, Land use pattern of the area,
distance of the sites from the waste producing
units, nature of transport route and type of waste.

In the present study GIS has played a very
important role. With the help of Network analysis
in TNT Maper software most economical route
for transportation has been computed. The
distance between two points along the Road
Network was computed through GIS (Javaheri,
etal., 2006).

Derived score and level of different proposed
sites are shown below on the basis of data
analysis in the Table 3.

The present MSW disposal site of GMC
situated at Temini with its cardinal points
21°28’33.75" North latitude and 80 ° 14’ 29.55"
East longitude with an altitude of 312.72 Meters.
The present site is not suitable for disposal of
municipal and Medical waste as conditions
prevailing there are unfavorable. The site
sensitivity index is found between 0.75t0 1. The
soil type present at Temini is alluvial having
thickness of about 10-12mts. has an average

value of permeability 4.49 x 10-°.

The rain water that falls on the disposal site
mixes with the medical and urban solid waste
materials. Any impermeable layer as seenin the
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Table 2: Rating Parameters with Sensitivity Levels of Various Sites

Criteria

Sensitivity Index

0.0-0.25
Raipur

0.0-0.25
Sonpuri

0.25-0.5
Sonpuri 2

0.75-1.0
Temini

1. Geological

a) Bedrock depth (m)

Ground Level

Ground Level

Ground Level

10 Mts.

b) Slope of the ground

240

2-6°

240

240

c) Type of the rock

Highly compact massive
and stable Quartzite

Highly compact massive
and stable Quartzite

Highly compact massive
and stable Quartzite

Absent, at 20 Mts. Depth
Amphibolites present

d) Structural features

Without fault and
joints

Without fault and
joints

Without fault and
joints

Not seen

Weight age Scored
Out of 280

80+40+70+70=260

80+50+70+70=270

80+40+70+70=260

00+40+00+00=40

2. Hydrological (Surface
and Ground water)

Natural Drainage
Absent

Natural Drainage
Absent

Natural Drainage
Absent

Natural Drainage Present,
open wells present

a) Water table depth (M)

More than 30

30-32

20-10

Less than 10

b) Fluctuation of water
table in M

1 m to 1.5 m. during
rainy sessions

1 m to 1.5 m. during
rainy sessions

1 m to 1.5 m. during
rainy sessions

1 m to 1.5 m. during
rainy sessions

c) Drainage distance

More than 5000 m

More than 5000 m

More than 5000 m

Less than 5000 m

d) Ground water Yield Limited Limited

Moderate Very good

Weight age Scored 70+70+50+30=220

out of 260

70+70+50+30=220

70+70+50+35=225 30+10+00+10=50

3. Geotechnical

a) Soil type Rocky stony Rocky stony

Rocky stony Alluvium Soil

1 km radius

b) Permeability/ Porosity e 0.22% veeeennn0.22% veeeennd0.22% 449 x 107..........
Weight age Scored 304+50=80 30+50=80 30+50=80 104+20=30

out of 80

4. Socil-economical

a) Population within Negligible Negligible Negligible High about 1000

households

Figures 1 and 2 does not cover the base of the
disposal site.

Rain water percolates into the ground, which
in turn contaminates the ground water. As the
water level present in the site is at a shallow depth
less than 2 meter during the rainy season, the
impure water easily joins the fresh ground water
below and thus it gets contaminated as seen in
Figure 3. Because of ground water contamination

various water borne diseases are observed during
the rainy season in the vicinity (Pandey, et al.,
2007). Thus the disposal site is acting as a
hazard for the people living in nearby villages.
Gondia city is on the leeward side of the present
disposal site. Decomposition of waste takes
place; it pollutes the atmosphere of Gondia city. It
is also observed that, due to presence of waste
materials certain birds fly around that area.
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Table 3: Site Sensitivity Level

Site Location Score Level of Site
Raipur 21°30'31.39"N

80°08'07.10"E 920 Very Good
Sonpuri 21°30'31.29"N

80°08'09.00"E 920 Very Good
Sonpuri2 21°30'31.22"N

80°08'07.02"E 915 Very Good
Temini 21°28'33.75"N

80°14'29.55"E 210 Poor

Figure 1: Medical Waste Disposed Dump

Figure 2: Impervious Present
Site of GMC Biomedical Waste Dump

Figure 3: Contaminated Ground Water Just
10 m Away from MSW Present Site

Figure 4: IRS IC LISS III Shows Gondia
Municipal Boundary

E80 15 3K

This can prove to be a lethal problem to the
airport authority of India, as the newly established
Birsi Airport, Gondia is located at just 4 Nautical
miles away from the site seen in the Figure 4.
Thus it is prescribed from the present study to
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relocate the waste disposal site from its present
location to other suitable site.

The suitable sites prescribed by this study
have a low amount of permeability and porosity.
Also they are located nearly 20 nautical miles
away from the Birsi airport. The blow of wind at
proposed sites is towards the natural forest side.
The population living around these sites is
negligible seen in the Figure 5. The depth of
ground water table is quite high, so there is no
chance of impure water contaminating into the
ground. The harmful impact of the waste dump
on the site can be minimized by isolating it from
the environment, i.e., by providing an impermeable
liner at the base of the waste and an impermeable
cover on the top of the waste; all the polluting
pathways are eliminated. Thus due to the
prevailing favorable conditions the prescribed
sites will be suitable for waste disposal.

Figure 5: Alternative Waste Disposal Sites
of GMC (Courtesy-Google Earth)

Capacity of these three sites is quite large and
waste disposal for these sites may be continued
for more than 10 to 15 years and therefore these
three sites are considered to be the best sites for
disposal of Municipal solid waste for Gondia.

CONCLUSION

In this study it was found out the potential waste
disposal sites using Remote Sensing and GIS
techniques for Gondia Municipal Council.
Selection of suitable prospective sites for waste
disposal is based on several factors. During
analysis it was observed that the best sites for
disposal of waste are Sonpuri, Sonpuri2 and
Raipur. The sites sensitivity index were found
between 0.25 to 0.50. The main advantages of
these sites are the availability of vast stretch of
wasteland, low amount of permeability and
porosity, negligible inhabitants and fully developed
transportation network.

On the basis of integration of various
parameters IRS-IC, PAN and LISS Ill imagery and
GIS as tool have been found to be very useful for
the interpretation and identification of waste
disposal site. Thus with the use of these
technologies management of municipal waste will
no longer be a problem for city administrators.

It provides a comprehensive legislative
framework whereby GMC authorities are required
to develop detailed Waste Management Plans for
their jurisdictions, which must be reviewed every
five years.
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