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INTRODUCTION 
It has been estimated that country is generating 

approximately 1,00,000 MT of municipal solid waste 
(MSW) daily 1

• The capital of India, Delhi generates 
approximately 7,000 MT of MSW daily: The generation 
rate is 500 gm/person/ day, which is almost five times 
the nation�! solid waste generation rate. More than 90% 
of the solid waste collected is disposed of by landfilling 
only. Landfills do not have any liners or leachate 
collection and treatment systems. Any precipitation or 
external source of water contributes to leachate 
generation. The amount of leachate generated is 
dependent on the available water, landfill constituents, 
its surface and the foundation soils2

•
3
. The available water 

is affected by the moisture content in the refuse itself, 
precipitation, surface runoff, irrigation water moving 
through the landfill, rise in an otherwise low groundwater 
table, and water generated from the decomposition of 
the waste. The quantity of water infiltrating into the 
landfill is affected by the surface runoff, 
evapotranspiration, and the field capacity of the soil 
cover. Leachate may become a potential source of 
contamination, if it joins a surface water or ground water 
source4

• 

WATER BALANCE METHOD: 
The water balance method allows the estimation of 

percolation based on one-dimensional flow, conservation 
of mass, and the retention and transmission 
characteristics of the soil cover and solid waste in the 
landfill. Figure 1 shows the leachate generation 
parameters. The basic equations are: 

P + SR + IR = I + R
0 

where P = Input water from precipitation, 
SR = Input water from surrounding surface runoff, 
IR = Input water from irrigation, 
I = Infiltration, and 
Ro = Surface runoff 

The portion of the infiltrating liquid, I, that will 
percolate through the soil cover, PER

5
, is given by: 

PERs = I -AET - dSTs 
where AET = Actual Evapotranspiration (i.e. the sum 
of. water loss from evaporation and plant water use), 
and dSTS = Change in moisture storage in soil. 

Simillarly, the portion of I percolating through the 
refuse, PERR, which represents the leachate volume, is 
given by : 

PERR
= I -AET- dSTs + W0 - dSTR 

= PERS + WO - dSTR 
where W

0 
= Water from decomposition of solid 

waste, and dSTR = Change in moisture storage in refuse. 
If there is groundwater intrusion (WGW), the 

amount of leachate generated, L, is modified as: 
L= PERR+ WGW 

The precipitation, P, is the amount of water (in inches 
or mm) that accumulates on a sealed level surface. It is 
determined in the field and is available from the Indian 
Meteorological Department. Gauges installed near the 
landfill site are used to take an average monthly reading 
over a long period of time. 

Surface runoff, R
0

, can be determined by actual 
measurements, graphical methods, or by empirical 
methods such as the rational formula. The runoff is given 
by: 

R
0 

=CP 
where C = Runoff coefficient which is a function of 
type of surface, vegetation, slope, etc. Its values for 
different conditions are given by Parry2. 

Figure 2 shows the water-holding characteristics of 
various soils with the Unified Classification system. The 
abbreviated version in form of an expanded table 
for estimating the soil moisture retention after the 
potential evapotranspiration is also given by Oweis and 
Khera2

. 

Potential evapotranspiration can be calculated by the 
equation given by International Rice Research Institute5

. 

For South East Asia to convert evaporation rate to 
evapotranspiration, equation is as follows: 

Potential Evapotranspiration (PET) = 
0.93 x Pan Evaporation. 

DELHI SCENARIO: 
Leachate generation rate for the landfill sites in Delhi 

has been estimated by the water balance method and is 
presented in Table 1. Line 1 gives the Average Pan 
Evaporation for different months of the year (Calculated 

., 
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5. Landfill sites should not be located near the surface

water bodies or in close proximity to the ground

water aquifers.
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