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ABSTRACT 

Disposal of hazardous Waste has become a global issue as the improper methods leads to major environmental deterioration. Developing 
countries are the major sufferers as still large amount of waste is disposed in low lying areas along with municipal solid waste and the result 
is pollutants carrying water bodies, leachate reaching the acquifers and dioxins polluting the environment along with other environmental 
degradations. Design of Sanitary Landill for hazardous waste disposal after various appropriate treatment processes is a complicated task 
and requires an expert for designing various components of landfill. The present work is the study of inventorization of hazardous waste for 
Uttar Pradesh, India. The work comprises of  development of software (•Net based) that designs the geometry of Hazardous waste landfill 
including all its components i.e. Liner design, Cover design etc, as per the guidelines provided by Central Pollution Control Board, Ministry of 
Environment and Forest, Gov. of India (CPCB- 2001). The software has been tested for designing of hazardous waste landfill for the state of 
Uttar Pradesh, India.   
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INTRODUCTION 

Rapid industrialization in last few decades have led to the depletion and pollution of precious natural resources in India. Further the 
rapid industrial developments have also led to the generation of huge quantities of hazardous wastes. The problem of hazardous 
waste generation, storage, treatment, transport, recycling, recovery and safe disposal has become an issue of major international 
concern, particularly for developing countries. During the last 30 years, the Indian industrial sector has quadrupled in size. As accord-
ing to a report, in total, India produces around 7.2 million tonnes of hazardous waste (TERI, 2003). Proper disposal of hazardous 
waste demands for engineered landfill that does not pollute air, water and soil and does not cause any harm to human beings and 
habitat in the surroundings, during operative period and also after closure. Designing a landfill, considering all the factors for the safe 
disposal as per the guidelines are some of major tasks that involves large number of calculations, crucial and logistic decisions. 
Use of interactive softwares are becoming essential due to the number of design choice provided, number of parameters that can be 
considered and time and cost saving factors. The work involves the development of software for designing of the landfill. The soft-
ware has been applied for disposal of hazardous waste for the state of Uttar Pradesh, India.  The results of the software comprises of 
the geometry of landfill, volume of liner system and cover system. The design considerations are as per the guidelines provided by 
Central Pollution Control Board and Ministry of Environment and Forests, Government of India (CPCB 1998, 2001 a, 2001 b, 2001c, 
MOEF 2001). The software can also be used for designing of engineered landfill for other states of India. The software can be suitabil-
ity modified rules and guidelines provided by other countries. 

 
ABOUT THE SOFTWARE 
The software has been divided into various modules for landfill design. These include landfill specific module, liner specific module 
and cover specific module. The landfill specific module is further divided into three modules namely region specific, waste specific 
and landfill specific. As the software starts, each module gets populated with default values from the database, which has been con-
structed as per the waste generation information from Central Pollution Control Board, (CPCB, 2001a) India. The specialty of the 
software is that the user (might be a cover /liner/leachate/landfill specialist) also can modify the default values according to his /her 
perception and choice, but under a restriction so that meaningful and acceptable data only flows into the system. The software cal-
culates, analyzes and processes the data to provide the final design in textual format. The software is designed basically with several 
objectives. It should be very user friendly and any waste management official should be able to operate it with ease. All the best 
software practices (like oops) and leading technologies (•Net) are used in it, so that the software can be scaled or extended to any 
extent for future use with little effort. The software does not take any shortcuts and by pass the CPCB/MOEF guidelines. 

 
MATHEMATICAL CALCULATIONS 
The software has been developed keeping in view the mathematical and logistic calculations that are to be performed for designing 
of landfill. The user can change the values of the variables like number of industries in the start year of the landfill, growth rate of 
industries per year, estimated waste generated per industry, density of the waste and design life of the landfill ( Table1). It is assumed 
that waste is disposed off partially above and partially below the ground. The total volume of landfill comprises of the volume of total 
waste to be accumulated including volume of top soil, the cover system, the liner system and the side liners. Volume of liner will be 
found on the basis of 1.5 m thick cover and 1.5m thick liner as standard for hazardous waste landfill (CPCB, MoEF). Length and width 
of the landfill is also variable and will be entered by user. The total Height of the landfill can be found as height of the cover and 
depth of the liner is fixed as per standards. The landfill height is calculated by the software by unit incremental method and as the 
volume found is equal to the desired volume, the corresponding height is the exact height that is required. The mathematical formu-
lation are generalized (Table2) and thus the waste generation details can be found including geometry of landfill and its components. 
Finally as per the inputs by the user, the software can calculate the total liner system and cover system volume required. Inputs for 
landfill design module which includes inputs for region specific, waste specific and landfill specific details have been presented in 
Table 3, Table 4 and Table5 respectively. The outputs details which includes general output have been presented in Table6, cover ge-
ometry details have been presented in Table 7, and liner geometry details have been presented in Table 8. 
 

 

 

 

 

 

 

 

 
Table1: Design parameters that are variable while designing the landfill 
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S.No. Parameters Variable Name 

1 No of industries in the area for which the landfill has to be designed in the start   
year of the project 

n 

2 growth rate of industries per year r% 

3 Estimated waste generated per industry w/year 

4 Density of the waste D Tonnes / Cubic M 

5 Estimated  design life of the landfill y years 

 
 
 

Table2: Mathematical Formulation  used in the software 

Parameter Mathematical Formulation used in software 

Waste generation after n years (T)   n* w+[n(1+r/100) ] *w +[n(1+r/100)²] * w + n(1+r/100)³ ] 

*w + .........................................n(1+r/100)n *w                                                                            

Total volume of waste in n years (Vw) (on the 

assumption of 1.1 T /cm.m density of   waste) 

Vw = T/ 1.1 (cu.m.) 

 

Total volume of daily cover in 

n years (Vdc ) (on the basis of 

15 cm soil cover on top and 

sides for lift height of 1.5 m 

to 2.0m) 

 

Vdc = m Vw  (cu.m.)   [m will be entered by 

the user] 

 

Volume of Landfill (volume 

of frustum of pyramid)  

V=  H/3[A1 + A2 + (A1 X A2)
1/2 ]     

A1=Area of base  at ground   level 

  A2=Area of top or bottom  level 

A1 and  A2   are  known because  slopes of the landfill are 

previously fixed by  the user of the software 

Volume of landfill as accord-

ing to volume of separate 

components of landfill  

 Vw + Vdc + VL +VC 

(Biodegradable content has been assumed to be ze-

ro due to monofill )  

 
Table3: Input Value For Region Specific Input 

S.no Input  Value 
1 Enter the state in which the landfill is to be designed U.p 
2 Input for year of census   2006 

 No. Of industries in the year of census 50 

3 Input for growth rate of industry in the city  
 

2% 

4 Input for expected waste generated per industry in the state  140.72t/a 
5 Input depth of ground water table 

 
8m 

 

 

 

 

Table4: Input Value For Waste Specific Input 
S.no Input  Value 
1 Input for Density of hazardous waste 

 
1.2TON/M3 

2 Input for expected waste reached to landfill = landfillable 
waste/total waste  
 

70% 
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Table5: Input Value For Landfill Specific Input 
1 Input for year of start of landfill  operation 

 
2006 

2 Input active life of landfill 5 years 
3 Input available width of the landfill 500m 
4 daily cover to waste ratio 

 
0.16m 

5 waste volume % above ground  
 

40 

6 slope above grade line of the landfill 50 degree 

7 slope below grade line of the landfill 50 degree 

 
Table6: General output of  landfill including waste details, cover geometry detail and liner details  

S.No  General Output  

1 Quantity of waste disposed in the active life of landfill = 28,073.64 

tonnes 

2 Volume of waste expected to be accumulated in the active life = 

23,394.70 m3 

3 Volume of Daily Cover =3,906.91 m3  

4 Total Volume of Landfill =27,301.61 m3 

 
Table7: Cover system geometry output 

 

 

Top Soil  Layer 

1. Top length=17.280m 
2. Bottom length=23.825m 
3. Volume = 6329.257 m3 

 

Granular gas drainage layer 

 

1. Top length=16.580m 
2. Bottom length=21.867m 
3. Volume = 9732.234m3 

 

Aggregate filter layer 

1. Thickness= 0.25m 
2. Top length=16.347m 
3. Bottom length=21.214m 
4. Volume = 3018.183 m3 

 

 

Clay Granular drainage layer 

1. Thickness= 0.35m 
2. Top length=16.021m 
3. Bottom length=20.30m 
4. Volume =4036.37 m3 

 

HDPE Barrier Layer 

1. Thickness= 0.0005m 
2. Top length=16.02m 
3. Bottom length=20.299m 

Volume                          5.608 m3 

 
Table8: Liner system geometry output 

 

Secondary Drainage Layer 

1. Thickness= 0.4m 

2. Top length=16.6739m 

3. Bottom length=22.18m 

4. Volume = 5154.90m3 

Secondary Composite Layer 

 

1. Thickness= 0.44m 

2. Top length=16.263m 

3. Bottom length=20.979m 

4. Volume = 5335.48 m3 

 

 

Primary Geofilter Layer 

 

1. Thickness= 0.0016m 

2. Top length=16.262m 

3. Bottom length=20.975m 

4. Volume = 18.762m3 

 

Secondary Geomembrane HDPE 

 

1. Thickness= 0.0015m 

2. Top length= 16.26m 

3. Bottom length=20.97m 

4. Volume = 17.586 m3 
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SOFTWARE FLOW 

When the user goes in the main form, after starting the software and if the user clicks to design the new landfill, the user will get the 
default values of all the datas required from the database and will be asked to fill the inputs forms, one by one. After clicking the fin-
ish button, the software will check for the right inputs that is whether they lie in the required range or not, if not then new inputs will 
be asked with the suggestions for the ranges, and if the user wants to redesign the existing landfill, the user will be asked to select 
the landfill and will get the data associated with that landfill from the database. User will be asked to design new or whether to rede-
sign the existing cover/liner, the procedure will remain the same .Finally after clicking the run button the user will get the out put of 
landfill geometry , landfill design ,cover design and also the pictorial representation of the landfill showing all the details of liner and 
cover . Various user forms have been designed for assigning the input values by the user. The forms are designed for various modules 
of the software viz. Landfill specific, Liner system specific and Cover system specific. The screen shots of the software of various input 
forms and output details have been shown in Figure (1 to 8 ). 
 

 

 

 
Figure1: Screen Shot of Region Specific input 

 
Figure2: Screen Shot of Landfill Specific input 

 

 

                  

                                          

 
   Figure3:  Screen Shot of Waste Specific input                         

 

 

 

         
                Figure4: Screen Shot of Liner Specific input 
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Figure5: Screen Shot of Cover Specific input                

 

 

Figure6: Screen Shot of  Cover System output details 

 

 

Figure7: Screen Shot of  Liner System output details                    

 

 

 

Figure8: Screen Shot of  Cover System output details 

Conclusion 

The software can be used for designing hazardous waste disposal facility for any state in India. Any change in the Hazardous waste 
Handling and Management rules can be added with great ease,thus it can be made applicable for other countries and the results can 
be used for taking waste management decisions by Governing Bodies. In the present work ,the  Input data for Uttar Pradesh, India 
has been processed . It is found that that total quantity of hazardous waste disposed after active life of landfill will be 28,073.64 
tonnes and the volume of landfill needed to accommodate that waste will be 27,301.61m

3 
.Different components of the cover system 

and liner system are also calculated thus software can greatly help in finding the detailed   quantities of different components of the 
landfill.  
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