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REDEFINING URBAN LANDFILLS – TRANSFORMATION OF SANITARY 

LANDFILL THROUGH LANDSCAPE DESIGN 

N.L. Divya Gayatri, Ar. Kapil Natawadkar 

AIM:  To study the various landscape design strategies that can be adopted in 

restoration of a landfill site and various issues caused by Sanitary landfills. 

 

OBJECTIVES: 

• To study the ecological and environmental degradation prevention 

methods. 

• To identify and compare various techniques in remediation. 

• To study the issues in landfill site in India and analyse challenges, 

scope and opportunities 

• To explore various landscape strategies for various issues and 

develop guidelines. 

 

SCOPE AND LIMITATIONS: 

       The understanding on function of landfills, with respect to solid 

waste, and landscaping is included in this study. The policy making 

and guidelines have been considered as guidelines for strategic 

design.  

       Only landscaping design factors were focused in landfill design 

guidelines and policies mentioned. Issues and impacts specific to 

Indian context were taken into consideration. 

  

 CENTRAL RESEARCH QUESTIONS: 

1. What are the landscape strategies that can be used to convert the 

Sanitary landfill site into Usable/ vegetative land and prevent impacts 

that arise due to landfills? 
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OUTCOME:  Identifying techniques suitable for the current scenario for Indian 

context, the challenges in the adopted methods, and derive guidelines for 

designing a functional sanitary landfill site.  

 

1. INTRODUCTION : 

1.1 What is a SANITARY LANDFILL? 

    It is a method of disposing Municipal solid waste by isolating it from the 

environment and humans by covering the MSW after collecting it for a stipulated 

period of time (eg:10-15 years) with a layer of Earth and Geo synthetic 

membrane Known as vegetative capping and blending it with the surroundings so 

that the collected waste in-turn doesn’t cause ecological and environmental 

pollution due to exposure to air and contact with ground.  

     An environmentally sustainable landfill should be  functional in two 

phases:1 Operational phase i.e. landfill phase,2. Post-operational phase- final 

use created after capping of deposited and compacted wastes.  

Fig-1:Sectional view of a typical sanitary landfill 

 

Source: Kaszubska, M. and Wzorek, M., 2017. The Bioreactor–an Innovative Method of Disposal 
of Solid Waste. Economic and Environmental Studies. 

2. LITERATURE REVIEW: 

S.n
o 

Type of the 
research 
paper-Authors-
Year 

Summary-Design strategies- illustrations Implementable 
aspects/Takeawa
ys 
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1 Experimentati
onal 
investigation 
of strategies’ 
effectivity - 
Julita Dworak 
, Eugeniusz 
Koda 
, Magdalena 
Daria 
Vaverkova- 
2018 

The paper presents- concept of landscaping of the 
MSW landfill Lubna, Warsaw. Area- 22 ha . 

• Restoration on this  landfill is based on 1. 
weather, topography, ecosystem, slope of 
landfill 2. The compost from waste- used as 
subsoil for planting. 

• landfill slope stability –1.filling the berms with 
waste -2. reinforcement-cohesive soil + 
compost +constructed berms for steep 

slopes.  
• Groundwater protection- bentonite cut – off 

wall - 0.6 m thickness 5.5–17 m depth. 
• Degassing wells-biogas source/methane gas 

collection.  
• Leachate collection- “finger” pipe drainage to-

Peripheral leachate drainage-based on hydro-
geological structure of site

 

 
• Covering- mineral cover system(with 

permeability coefficient less than 10-9 m/s)for 
the body waste- allows moisture and oxygen 
penetration -oxygen fermentation.  

• vegetation cover-appropriate plant species. 
 
 

 

Slope stability - 
constructed 
berms. 
Barrier/ cut-off 
wall can be given 
- g 
round water 
protection. 
Degassing wells - 
Methane gas 
collection. 
Finger pipe drain 
- leachate 
collection. 
Covering 
material-should 
allow 
fermentation. 
Composting- 
onsite. 
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2 
 
 

comprehensi
ve 
investigation  
-Ashkan 
Nochian, 
Osman Mohd 
Tahir, Suhardi 
Mualan and 
Ding Rui, 2019 

The study emphasizes that landscape can play a 
significant role along with landfill from site selection 
stage unlike commonly used only in Post closure 
stage. The landscape work on landfill site has been 
divided into 4 stages listed as below. 

 All the listed works done stage wise helps to achieve 
a resource efficiency and increase recycling capacity 
while also addressing few environmental issues by 
integrated approach of landscaping and waste 
management techniques like reusing waste, 
composting, etc. 

 

 

Stages of 
landscape 
development from 
landfill to 
landscape 
restoration are to 
be noted. The 
after use of the 
landfill must be 
consciously 
planned during 
the siting stage 
itself while 
gathering the 
necessary 
material required 
form the waste 
received at the 
facility along the 
operational stage. 
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3 Comparative 
study-Sam 
Tarrant,Jeff 
Ollerton, Md 
Lutfor 
Rahman, 
Joanna 
Tarrant, and 
Duncan 
McCollin-2012 

Location: United Kingdom. 
Nine pairs of sites have been documented for 
comparative analysis. 
Two types among the nine sites are: 
 1. restored landfill sites  
2. Reference sites 
Comparison parameters:  
1.Floral characteristics,  
2.species richness,  
3.abundance of flower- visiting insects. 
Method- Standardized Field survey over two 
seasons. 
 

 
     The restored landfill sites are noted to have being 
able to support the pollinator population when floral 
resources are provided. Seen evidently in the season 
where they may be absent elsewhere. 

Sowing suitable 
flowering plants 
before the end of 
pollinator visiting 
season helps in 
propagation of 
grasslands.  
Observations-no 
difference 
between the 
restored landfill 
and reference 
sites in terms of 
species richness 
or abundance of 
plants. 

4 Comprehen
sive study-
Sam 
Tarrant,Jeff 
Ollerton,Md 
Lutfor 
Rahman,Joa
nna 
Tarrant,and 
Duncan 
McCollin-
2012 

The study  strives to emphasize the fact that, -
“Biodiversity conservation through restoring 
degraded habitats or creating new habitats” act 
advocated in the UK Biodiversity Action Plan, can be 
achieved through restoration of  landfill caps using 
appropriate species mixes. 
Key points: Restoration of landfill caps-problematic 
because of poor soil -high concentration of landfill 
gas. 
Study on suitable Plant communities of these sites is 
important as they may have a bigger role in 
restoration of landfill caps and could get recognition 
in  the broader biodiversity conservation framework. 

• Huge area of landfill sites are potential  
conservation by creating opportunities to 
restore biodiversity and ecosystem functions. 

Restored landfill 
sites- show 
various 
environmental 
characteristics-
hence 
regenerative plant 
species are ideal 
for landfill caps. 
Proper 
management of 
landfill sites to 
support 
appropriate 
species mixes 
can help meet 
conservation 
target. 

5 Experimentati
onal study-
Reyhan 
Erdogan , 
Zeynep 
Zaimoglu, M. 
Yavuz Sucu, 
Fuat Budak 
and Secil 
Kekec-2007 

• Study aims at identifying applicability of the 
tested plant species to be used in 
rehabilitation and recreational arrangement of 
landfill sites-sample groups of perennial grass 
and shrubs plants. 

• Leachate stabilization strategy used- 
phytoremediation.  

• Nitrogen(vital component of chlorophyll)  
accumulation ratios and the effects of landfill 
leachate in diluted proportions on growth and 
development of few plant species are studied. 

• Tested species-1.Cynodon dactylon  
2. Nerium oleander  
3. Pelargonium pellatum  
4.Stenotaphrum secundatum 
5. Paspalum notatum 
6. Pennisetum clandestinum  

There are natural 
alternatives for 
Leachate 
management 
Phytoremediation 
techniques- some 
species can be 
utilized for 
phytoremediation. 
Presence of 
Nitrogen in 
leachate is very 
useful for the 
plant growth 
when leachate 
irrigation is done. 
Leachate tolerant 
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7. Mentha piperita.  
• survival rate of 100%- seen in S. 

secundatum, K. scoparia and N. oleander,- 
being irrigated with pure leachate  

• Survival rate of 0 to 35%- Other species 
under the same conditions.  

species 
compared are-
evergreen 
grasses and 
shrubs in nature 

 

 

3. LANDFILL WORKING AND COMPREHERNSIVE DESIGN 

GUIDELINES: 

3.1. SITE CHARACTERISTICS:  

3.1.1 Type of soil: loamy coarse sand, predominantly clayey loam-Preferable, 

sandy silty soils (predominantly sandy)-not-preferable because they are very 

permeable. 

Soil permeability: ease with which water seeps through a soil.  

 

3.1.2 Availability of cover material:  Undulated land can be good sources of 

cover material. 

3.1.3 Depth of the water table:   Preference- well drained land- water table is 

more 1m deep the whole year round.  water table less than 1m deep - rejected 

d)The direction of groundwater flow:   If a plume occurs, wells in that plume 

will be contaminated. Barrier wall/cut-off wall along the landfill periphery -depth = 

bottom of the aquifer, is to be given to restrict contamination.  

3.2.CLIMATE CONDITIONS: 
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Wind direction:   Preferable location- In the direction of wind from the urban 

area, or trees and thick vegetation should be planted all around the landfill. 

  Rainfall:  perimeter drains and the leachate collection and disposal system 

depends on the amount of rainfall. 

3.3.LANDFILL PLANNING AND DESIGN : 

3.3.1.Design Life: ‘active’ period -‘closure’ and post-closure’  

Table-1: Table showing landfill capacity 

Landfill Capacity Area occupied by waste 
Small size landfill less than 5hectare 
Medium size landfill 5 to 20hectare area 
Large size landfill greater than 20hectare area 
Source: CPHEEO 

Typical range -10 to 25 years  

Maximum allowed height-30 meters (but varies depending on site conditions). 

3.3.2Buffer area and protection: 5 to 20 m strip -  between the site border and 

the area of waste embankments or trenches- plant a hedge of shrubs and trees - 

berm for visual screening. Fast growing species suggested- pine, eucalyptus, 

laurel, bamboo, etc. 

3.4.SITE PREPARATION: 

3.4.1Leveling: 

1. base surface gradient of 2 or 3% after clearing the land. 

2.Top soil to be collected and stored. 

3.4.2.Landfill Methods: 

a) Trench method: used when the water table is deep and the gradients of 

the terrain are gentle. Desirable for Cohesive soils, such as glacial till 

or clayey silt soil types. Trenches are aligned perpendicularly to the 

prevailing wind,  to reduce the amount of blowing litter 

Fig-2: Landfill methods 
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Source: Jaramillo, J., 2003. 

 

b) Area method: waste is placed on the natural surface of the ground. 

used on flat terrain, abandoned quarries, strip mines, depressions, and low 

parts of ravines. 

Fig-2: Landfill methods 

 
Source: Jaramillo, J., 2003. 

 

c) Valley or combination method:  used in valleys and ravines, solid waste is 

placed in "lifts" from the bottom up with a depth of 8 to 10 feet.  

Fig-2: Landfill methods 

 

Source: Jaramillo, J., 2003. 

 

3.5.3. Earthworks: For stability of the earth slopes -1.construction of 

embankments or containment dikes,2. construction of berms,3. excavation of 
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trenches,4.  excavation of drainage canals, 5. construction of dirt roads, 5. layers 

of compacted soil for waterproofing or protection to be done in required areas. 

Fig-3: Ratio of Landfill slopes 

  

Source: Jaramillo, J., 2003. 

 

3.6. DESIGN OF SLOPES: 

• Preferable terrain - relatively impermeable material (fine sand mixed with 

silt, clay) . 

• Preferable maximum height of a slope-5 m.  

3.6.1 Slope Stability Aspects: In preliminary design of a landfill section, the 

following slopes may be adopted: 

(a) Excavated soil slopes (2.5 Hor : 1 Vertical)  

(b) Temporary waste slopes (3.0 Hor : 1 Vertical) 
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 (c) Final cover slopes (4.0 Hor : 1 Vertical)

 

3.6.2 Slopes of embankments: common value in embankment slopes= 1.5 : 1 . 

Recommended slopes of waste for forming embankments in the landfill =2:1 or 

3:1. 

Fig-4: Ratios of landfill waste embankments 
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Source: Jaramillo, J., 2003. 

3.7. PERIPHERAL INFRASTRUCTURE: 

3.7.1Access road: The maximum gradient of uphill road can be 7%, and  10% 

downhill. 

3.7.2Peripheral drainage of rainwater: Even the smallest of the water sources 

existing in the landfill area should be diverted and channeled before the operation 

starts.  

Fig-5: Drainage on berms made as access roads on waste landfill 
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Source: Jaramillo, J., 2003. 

3.8.LEACHATE: 

3.8.1Leachate management: The high nitrogen content in leachate makes it 

harmful. This nitrogen content can be reduced using Phytoremediation ponds 

with synthetic bottom liners.  

3.8.2 Perimeter drainage for runoff waters and leachate: 

Fig-6: Detail of Perimeter drain 

 

Source: Jaramillo, J., 2003. 

3.8.3. Leachate drainage:  

1.  granular soil layer-30 cm thk  

2. protection layer -20 cm to 30 cm thick- silty soil. 

3. Geomembrane thickness -1.5 mm or more. 

4. compacted clay barrier -1 m thick, permeability (K) - less than 10-7 

cm/sec. 

5. earthen screens are installations- intervals of five or ten meters, width -

0.20 to 0.30 m.,  

6. For more storage capacity for the ditches -1. filling with stones of 4 to 6 

inches (not gravel) , 2.infiltration of the liquids and retain fine particles that 

might cause silting 3.polypropylene sacks– or dry ferns, and even grass. 

Fig-7: Detail of leachate storage 
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Source: Jaramillo, J., 2003. 

7. Minimization of leachate in rainy regions: 

1. cover the whole surface area of the trenches  

2. fill banks with a light roof made of palm, straw, or plastic  

Fig-8: cover detail for rainy season 

  
Source: Jaramillo, J., 2003. 

3.9. Landfill gas collection and venting: Controlled collection and 

treatment/use to be adopted. Gas vents placement spacing- 30 m to 75 m on the 

landfill. 

Fig-9: Figure showing interconnected drainage and gas system inside the 
filled landfills 
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Source: Jaramillo, J., 2003. 

3.9.1. Vents :are built vertically. It is recommended that each vent have a 

diameter of 0.30 to 0.50 m. and they be installed at 20 or 50 m. intervals. 

Fig-10: Figure showing layout and construction detail of vents in landfill

 

 

Source: Jaramillo, J., 2003. 

 

3.10.Drainage: 

Surface Water Drainage System:  perimeter ditch - for the collection and 

diversion of rainwater runoff. . 

Design of perimeter ditch: preferable shape- trapezoidal, preferable material-

earth or cement-soil . 

Fig-11: Figure showing various cross-sections of  landfill drains 
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Source: Jaramillo, J., 2003. 

3.11. When waterlogged land is allotted for landfill: 

1.Drainage ditches in the lowest part of the land.  

2.first levels of waste at the base of the site - at least 1.0 m. above the highest 

water level. 

 3.Set perforated concrete pipes in place - fill the ditches with stones and gravel, 

 to act as a filter. 

4.Cover the stone and gravel drain with geotextile fabric to prevent silting up.  

5. layer of compacted clayey matter - 0.3 to 0.6 m thk -to isolate upper surface of 

the drainage and the MSW. 

Fig-12: Figure showing drain cross-sections in a water-logged  landfill site 

 

Source: Jaramillo, J., 2003. 

GSJ: Volume 10, Issue 2, February 2022 
ISSN 2320-9186 349

GSJ© 2022 
www.globalscientificjournal.com



3.12. Control of slope stability: wall of gabions can be used, or old tires tied 

together with plastic ropes, and also plants can be sown. 

Fig-13: Figure showing methods to achieve landfill slope stability

 

Source: Jaramillo, J., 2003. 

 

3.13.Site Infrastructure: 

Table-2:Table showing infrastructure facilities that are to be provided for 
functioning of a Sanitary landfill 
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Source: CPHEEO 

3.14. Design And Construction Of Landfill Liners: 

• Compacted Clays and Amended Soils: thickness about 25 cm 

(a) Natural clay =mineral component of a liner system 

.(b) If clay is un- available-bentonite enhanced soil/amended soil to be 

used. 

• Geomembranes:  High Density Poly ethylene geomembrane =minimum 

thickness of 1.5 mm. 

• Drainage Blanket: clean coarse sand or gravel is preferable- permeability 

greater than 10-2 cm/sec. 

• Operational phase: 15 to 30 cm of native soil -for the working faces of the 

landfill. 
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 At the operational stage-Ideally, 150 mm thk layer of soil is to be added for every 

2 m layer of waste. 

3.15. Operation in the rainy season: harder to form the cells in wet weather. 

Below listed are necessary precautions: 

a) Partially cover the landfill surface with a roof of palm leaves, plastic, or 

other local material.  

b) Least affected areas -to be reserved for access roads, so that operations 

can continue in bad weather.  

c) Construction of artificial road - with wooden logs or small-sized rubble  

Fig-14: Figure showing access road and construction detail 

  

Source: Jaramillo, J., 2003. 

Construction of the artificial road: 

• Timber road using 3-meter trunks tied together with a 1/8”-diameter wire. 

Modules of 3 m long by 3 m wide size as per site conditions. 

• Later covered with gravel to prevent the vehicles from slipping on it.  

• Rubble from the demolition of old buildings can be used to build and 

maintain some provisional internal roads in the landfill. 

3.16. Pollution Prevention During Operation:  

Traffic:  

(a) routing must be done to avoid residential areas  

(b) using one-way routes to avoid traffic conflict in narrow roads  
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(c) carrying out road improvements, Eg: strengthening or widening roads, 

improved provision of footpaths, etc.  

Plantations preferable for clearing dust coming from the trucks. 

Noise:    Peripheral noise abatement - dense vegetation.  

Evergreens - best noise blocker.  

Odour:   can prevented through 

• adequate compaction 

• effective use of appropriate types of daily cover 

• consideration of prevailing wind direction for:1. leachate treatment 

plants,2. gas flares, and 3. direction of Piling. 

• Plantation of fragrant trees along wind direction.  

Litter: 

(a)filling direction and sequence should be based on prevailing wind direction and 

strength  

(b) Strategically placed mobile screen close to the tipping area or on the nearest 

downwind crest  

(c) Temporary banks and bunds immediately adjacent to the tipping area (d) to 

trap windblown litter-  

1.Litter screens, fences, nets  

2. Perimeter ditches should be given and maintained free of litter  

3. screening using tree buffer 

Bird Control:   Birds get attracted to food wastes. Large birds such as eagles, 

gulls are regarded as a nuisance to be considered. Control methods: 

 1.use of bird scaring techniques  

2.Bird netting- effective option for preventing birds from landing on waste. 

Vermin and Other Pests: well defined cells- prevent rodents and insects 

infestation.  

Mosquito repellant Plantation species can be planted. 

3.17.Landfill Fire Management 
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Fires: caused by landfill gas, volatile substances in leachate. should be 

extinguished with earth.  

Fig-15: Figure showing fire mitigation technique

 

Source: Jaramillo, J., 2003. 

3.18.Landfill Safety Aspects: (a) moving vehicles (b) steep slopes(c) bodies of 

standing water (d) contaminated, toxic, flammable or infective material and (e) 

flammable, toxic or hazardous gas. Emergency plans to be laid down. 

3.18.1Monitoring wells: Finding the water table- granular material  placed 

bottom-8” diameter pipe is installed- for the collection of water samples.  

3.18.2. Location of the monitoring wells:  at least 10, 20 and 50 m from the 

landfill area and from the exterior drainage of leachate, 3-4 wells will be sufficient. 

Fig-17: Figure showing Plume and deteriorated wells in the plume precinct 
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Source: Jaramillo, J., 2003. 

3.19. Closure Phase:  

 1. compact slopes of the dumps -0.20 to 0.40 m thick layer of Earth for 8 to 15 

days,  

2. An access road- on the landfill cover to enable easy approach. 

3.Vegetation species planted should be able to survive without irrigation. 

4. Lined ditches or channels are constructed on the final cover to intercept and 

carry surface water off the cover to the storm water drain/basin. 

3.20..Post-Closure Stabilisation, Operation And Care: 

Long-Term Vegetative Stabilization: 

(a) 1.Seedbed Preparation: grading, furrowing, grouping of species and 

addition of nutrients and soil amendments to be done. 

2. Short-Term Vegetation: assisted by irrigation- initial seeding mixture 

to increases bio-diversity -reduces the chance of plant community 

failure. 

3.Long-Term :self-generation and minimum management are desirable 

characteristics. 

Factors that limit the growth of plants on landfills: toxicity of landfill 

generated gases (methane and carbon dioxide) to root systems, low 

soil oxygen. 

(b) Active gas extraction of gas barriers with venting system : to prevent 

migration to the root zone.  

(c) Waste to be removed – to create patches/islands of trees. 
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(d) Separation of  biodegradable waste and non-biodegradable- create 

zones free of toxic gases. 

 

3.22. End use of the site:   plans to integrate it into the natural environment, 

transforming it into a green area, sports area, garden, nursery or forest.  

ponds and engineering controls at landfill facility is a must.  

 

4. LANDSCAPE DESIGN STRATEGIES: 

4.1Landscape architecture design strategies for a landfill site: 

4.1.1 Hide-Make waste invisible: 

• capping and planting is the typical pattern of waste site design.  

• distance from the public from dumps and waste places  

• screening of dump yards and landfills when new construction occurs 

• buffered with massive living plants 

• preventing people from conceiving of the existence of waste.  

 

4.1.2 Removal waste 

• Restore and return the waste by moving waste out of the site. 

• removing extreme toxic materials, polluted water, and leakages 

• Excavating polluted soil, disposing of harmful substances in qualified 

landfills and pumping out waste water.  

• Relatively expensive and disruptive to the site environment 

• Depends on the volume and characteristics of the waste involved. 

 

4.1.3 Neutralize waste 

• to achieve an inner-site digestion/assimilation of waste harmful 

impacts. 

• "Clean-and-Green" design approach, using ecological restoration, 

bioremediation and scientific clean-up plans to wait for natural 

purification. 

• contaminants are converted to nontoxic and nonreactive substances.  

• more environmentally and economically friendly 
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• slow by nature.  

• persistent need for supervision and control, and the added time 

needed to buffer the area from the public. 

 

4.1.4.  Frame waste and celebrate it 

• contact with waste without safety and health concerns.  

• encourages more meaningful action at waste sites, such as cultural, 

educational and social participation.  

• provide on-site education and tours. 

• Inviting people to experience the real matter of waste and its processes, 

awareness of waste  

• encourage public participation.  

4.1.5Using waste as a medium 

• Making urban products and artifacts out of waste 

• Creating a recognizable and consistent pattern of elements for landscape 

using waste 

Table- 3 : Table showing various approaches towards a landfill site  

 

 

Source: Engler 1995 
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5. DESKTOP STUDIES: 

5.1 Hiriya Garbage Dump in Tel Aviv Transformed Into World's Largest 

Recycling Facility:  

 

 

 

Location: Tel Aviv, Israel. 

Land use type: World's Largest Recycling Facility 

Climate: Mediterranian 

Temp: 17-26 Deg C 

Annual Rainfall:585mm 

Soil type: Self mulching, Dark brown soil seen in prairies.  

• Present land use:800-hectare public park 

• Total of 25 million tons of waste 

• 79 mtrs above sea level 

• Surroundings: Densely populated metropolitan area. 

• Topography: table mountain in the middle of dense urban fabric. 

Currently- Made into a City park 

Reclamation starting year-2011 

• Design strategies: 

• Thin heavy crushed concrete capping prevents erosion and takes rain 

water from above to ground. 

• Shallow ramp –serves as access to the topography. 

• grinding building waste into gravel 

• mechanical biological treatment 

• materials recovery facility 

•  up flow anaerobic sludge blanket digesters 

• Hiriya carpentry shop 

• Separation technology: separates recyclable materials using water 

technology 

• Water collects in a system of ditches during the short rainy season.  

• Low fragrant scrub and herbs along the wide open area help in taking rain 

water , to underground gravel depots.  

Before  After  
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• Recycled demolition materials are used for construction of Dry-stone walls, 

which adjust to the constant settlement of waste. 

• The visitors route is a shallow ramp fitted into topography serves as a 

visitor centre which informs about the methods and opportunities of 

recycling and landfill reclamation. 

Observations:  

• Phyto remediation techniques could have been Implemented instead of 

leachate management. 

• Clay liner instead of concrete will be more environment friendly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Air Hitam sanitary landfills: 

The shading structure on 
the edge of the plateau act 
as view points to Tel Aviv’s 
skyline 

A retention basin for periodic 
floods will be excavated, 
where ramps and bridges 
connect to the plain 

Crushed concrete liner allows many activities to take 
place on the landfill in turn allowing other species to 
thrive . 

 Flood plains are planted with large trees 
in a park with a retention system will act 
as flood protection measure. 
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• Located at :Air Hitam Forest Reserve, District of Petaling, Selangor 

Darul Ehsan, Thailand. 

• Climate: tropical 

• Temp: 30 Deg C ( Hard winds and high solar radiation) 

• Annual Rainfall:1600mm 

• Soil type: Sandy and acidic with High drainage. 

• Area:100 acres 

• Receives 3000 ton/day of solid waste.  

• In operation since: November 1995 

• Topography: valley area.  

• Total  capacity :5.2 million tons   

• Land Typology: Brownfield site Regeneration :Affected by previous 

use-abandoned  

• Have contamination problems 

Design strategies 

• equipped  with  proper leachate and gas collection systems.  

• Equipped with: Heavy duty textile liner, Ground water drainage system 

Leachate collection and management. 

• Several types of development such as i) Recreational area 

ii)Golf course, Bio gas powerplant 

iii)Agricultural area with fertigation system 

iV)Jogging track with permeable pavement, Playground, Street lights, Gazebos, 

etc. 

Development 
around the site  
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• First to use landfill gas to generate power in trapping and burning the by 

productive methane gas. 

Vegetation Type: 

Exotic species were dominant- resulting in slower growth rate. 

Observations:  

• The landfill served as a landmark of development. Residential areas were 

developed around landfill site. 

• Historical approach is negligible. 

• Native species could have been Imparted in feasible areas 

5.3. Desktop studies Comparative analysis:

 

6. Proposed Landfill Landscape Design Guidelines: 

Design stage Parameter Guidelines 

Site land Site with Clayey, im-permeable soil, with slight undulations 
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Characteristi
cs 

for collection of cover material, with minimum water depth 
of more than 1m must be taken. 

 climate Landfill needs to be aligned to the direction of winds along 
with thick vegetation buffer. 

 

 
 Landfill life Optimum 15-18 Years 
Site 
preparation 

Buffer Minimum 15m to 20m of Vegetative buffer with hedges of 
shrubs and trees and berm to prevent visual and smell 
buffer. 
species suggested- pine, eucalyptus, laurel, bamboo, etc 
to be planted at siting stage itself to be functional along 
operational stage. 

 Base surface 
gradient 

Minimum of 5% slope for effective drainage 

 Landfill method Area method is most desirable as it has more scope for 
rejuvenation of degraded land and less risk of groundwater 
pollution. In case of trench method, it is preferable to 
position the trenches perpendicular to wind direction to 
avoid odour. 

 
 Excavated soil 

slope 
Less than 2.5 (hor) : 1(vertical) is considered safe. 

Planning 
stage 

Waste 
segregation 

Allotted area for waste segregation and storage of useful 
waste must be provided. 

 Separate 
landfills  

Separate bio-degradable and non-biodegradable wastes, 
as bio-degradable and landscaping waste(like brush 
clippings) can be used as compost in- 45 to 60 days for 
bio-degrading or used for researching on vermi-
composting effectively reducing the landfill volume. 
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 Peripheral 
access road 

Slope gradient of 5%-7% is considered safe. 

 Peripheral 
Fence 

Use fast growing native vegetation in order to prevent the 
view of ongoing works in the site. 

Leachate 
management 

Phytoremediatio
n 

Evergreen grasses and shrubs are tolerant to leachate 
irrigation. Neutralizing leachate and makes it useful for 
irrigation. 
Species used: Eucalyptus tereticornis, Populus deltoids, 
Terminalia arjuna, Acacia auriculiformis, Syzigium cumini, 
Albizia lebbek, Dalbergia sissoo, and Pongamia pinnata) 
and grasses (para grass, cord grass, lemon grass, and 
Setaria grass. 
 

 Drainage and 
minimization 

Peripheral drain and finger drain system partially filled with 
earth layer of 200mm stones or dry fern to let the liquid 
infiltrate leaving fine particles to avoid siltation.  Cover the 
drains to avoid over flooding in rainy season 

 Ground water 
protection 

Bentonite cut-off wall to prevent along landfill periphery 
extending up to bottom of the aquifer. 

Rain water 
harvesting 

Collection and 
drainage 

Water collection channels must be given to collect and 
divert the water to the drain on the foot of the capping. 
Whereas bioswales can be given in buffer area to reduce 
the dependency on drip irrigation. 
 

 For water 
logged sites 

Using perforated pipes with gravel and covered with 0.5m 
thick clay layer (similar to bio-swales). 

 
Operation in 
rainy season 

For access 
roads  

Brush waste, Rubble from construction waste, furniture 
waste can be made use of. 

 to cover existing 
dump 

on-site landscape waste like palm leaves roof or thatched 
roof can help reduce damping of waste in operational 
stage which makes it difficult for a healthy compost. 

Operational 
phase 

Traffic 
prevention 

Rerouting routes to avoid residential areas. Desirable 
species for prevention of  dust coming from truck: 
Tamarind, Madhuca longifolia, Butea monosperma, 
Spanish cherry Flower, Neolamarckia cadamba, Elantha 
Pazham and Aegle marmelos . 
 

 Noise 
prevention 

Preferable species- Evergreens- Saraca asoca, 
Tamarindus indica, Millingtonia hortensis, Thespesia 
populnea,  Couroupita guianensis,  Pterospermum 
acerifolium, Calophyllum inophyllum, Ficus benjamina, 
Shrub species- Duranta plumieri, Nerium odorum, 
Bougainvillea, Clerodedron inermi, Ligustrum ovalifolium, 
Duranta,  Euphorbia neriifolia 
 

 Visual buffer Enforcement of shelterbelt to block not just the eyesore 
view but also dust, noise and litter 

 Odour 
prevention 

Fragrant trees species alon wind direction- Cassia fistula, 
Lagerstroemia speciosa,Bauhinia, Bombax ceiba, Butea 
monosperma, Erythrina variegate, Saraca asoca 
 

 Litter prevention Trellises, Green walls around the tipping area. Preferable 
species:  tecoma stans, Albesia lebec, hibiscus tiliaceus, 
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bauhinia variegate, soapnut (Sapindus mukorossi)  and 
cordia obliqua can also absorb suspended particulate 
matter. 

 Vermin and 
Other Pests 

Mosquito repellant species -Marigolds, Pelargonium, 
garlic, basil, lemongrass, mint and Mulching 

 Fire prevention Trees like jamun (naaval)- remove sulphur dioxide 
neem, soapnut (Sapindus mukorossi) and Bauhinia 
variegata - remove lead from atmosphere and act as green 
barrier which makes the landfill les  prone to fire. 
 

Closure 
phase 

Cover 
vegetation 

Planting Flowering plants and appropriate species mixes 
help in propagation, regeneration and increase biodiversity 
of grasslands and sustainability on vegetated capping. 
Suitable non-edible species- combination of grass and 
short-rooted shrubs capable of surviving without irrigation 
water.eg: S. secundatum, K. scoparia and N. oleander. 
 

 Cover slope 4Horizontal:1vertical or less can be considered safe for 
Final cover slope. Plants can be sown for slope stability.  

POST-
CLOSURE 
phase 

Vegetative 
Stabilization 

As methane and carbon dioxide are present in large 
quantities in site due to gas emissions, plants and trees 
with high carbon sequestration are desirable on the 
Vegetative cover to sustain in long term. Suitable species: 
red spinach, Thunbergia electa. 

  Creating Patches of trees by clearing waste in a particular 
area, can neutralize the gaseous effect on environment. 
Suitable species: Eucalyptus, Tectona grandis, Diospyros 
melanoxylon. 

 
End Use Function of site 

post closure 
Should aim at Integrating into surrounding landscape, Self 
-sustaining, awareness generating, recreational for the 
public, Universally accessible, should reflect the character 
of the waste in the landfill  and history of the site if any.  

 

Conclusion: 

Leachate liquid, methane gas and Green house gases released from the 

landfills are major issues related to landfills, which cause ground and surface 

water pollution, release of poisonous gas into the atmosphere and climate 

change respectively. The sustainable way of treating landfill waste is to neutralize 

it using,  ecological restoration, natural purification, bioremediation, Vermi-

composting and scientific landfill techniques but will require constant monitoring 

and maintenance . 
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Generating awareness on waste, using waste is one of the ideal practices 

to  educate the public on ideal waste management practices. 
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