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ABSTRACT  
 

The main idea of the project is to improve and develop flood control systems with sustainable 

techniques in the city of Mumbai and in the process, develop a module that can not only be 

suitable in the urban cities of south east Asian countries but also work with the same 

effectiveness in the rural sides of the same. This project explores the possibility of using the 

concept of Phytodepuration as an active flood control system in flood prone areas of India. 

This project is an advanced version of the module developed for the RICS Cities for the Future 

competition in 2018, adding many research areas and scope for improvements and 

betterment.  

 The aim of this thesis is to analyse the different causes for flooding in 4 major cities in India, 

which are of high flood crisis importance that require immediate action; to give out possible 

solutions and analyze their feasibility; explore the various branching of the most optimal 

solution and find the cost benefits of this solution with highlights on the added sub-benefits 

that arise from it; and finally to perform Multi Criteria Analysis for the solution and give out 

the results. 

The project also aims to involve the society in the project through the Triple Bottom Line 

method, wherein the social, economic and environmental sustainabilities are to be achieved. 

The project proposes the analysis of the relationship between the technical solution with the 

social involvement in it to find out how they are mutually dependent and how the social 

involvement will aid the technical solution to make the project successful. This project, was a 

basic idea was initially developeŘ ŦƻǊ ǘƘŜ ά/ƛǘƛŜǎ ŦƻǊ hǳǊ CǳǘǳǊŜέ ŎƻƳǇŜǘƛǘƛƻƴ ƘƻǎǘŜŘ ōȅ wL/{ 

(Royal Institution of Chartered Surveyors). 

This graduation thesis will also explore the technical aspects and design of the solution in-

depth, giving out possible alternatives and their suitability. The thesis aims to incorporate 

latest technologies that will not only make the project feasible but will also make it 

sustainable and future-proofed. The technical parts of this project will be outlined in the 

report, with attachments of detailed 3D models and CAD drawings to support the 

descriptions. A physical model of the technical solution will be made and be used to explain 

the working process of the project. 

The final step of the thesis is to check the scalability and adaptability of the project. Cities of 

similar flooding issues in India will be studied and checked whether this project is suitable as 

a modular solution. The cities will be chosen by identifying the crisis level in the city, its 

urgency in need for a solution. The project will be modified or altered in its smaller details, 

keeping its main process intact, to match the regional properties and requirements. 

The results thus obtained will be tabulated and compared to highlight the advantages and 

limitations of this project, its scalability and the expected outcome. Supporting data and 

drawings will be documented and be submitted along with the main report to support it. 
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1. URBAN FLOODING 
 

 

 

1.1 Introduction 
                

             Urban flooding is the inundation of land or property in a built environment, 

particularly in more densely populated areas, caused by rainfall overwhelming the capacity 

of drainage systems, such as storm sewers. Although sometimes triggered by events such as 

flash flooding or snowmelt, urban flooding is a condition, characterized by its repetitive and 

systemic impacts on communities, that can happen regardless of whether affected 

communities are located within designated floodplains or near any body of water.  

 

Å Aside from potential overflow of rivers and lakes, snowmelt, stormwater or water 

released from damaged water mains may accumulate on property and in public rights-

of-way, seep through building walls and floors, or backup into buildings through sewer 

pipes, toilets and sinks. 

Å In urban areas, flood effects can be exacerbated by existing paved streets and roads, 

which increase the speed of flowing water. Urban flooding occurs when water flows 

into an urban region faster than it can be absorbed into the soil or moved to and 

stored in a lake or reservoir. It can be caused by flash flooding, coastal flooding, river 

floods or rapid snow melt. 

Å With climate change setting in, the rainfall patterns and quantities have been 

wavering from the norms in the recent times. This, when combined with urbanisation 

gives rise to problems like urban flooding. 

Å In general, urban flooding is as disruptive to daily life as it can be dangerous. Urban 

floods are a great disturbance of daily life in the city. Roads can be blocked, people 

ŎŀƴΩǘ Ǝƻ ǘƻ ǿƻǊƪ ƻǊ ǘƻ ǎŎƘƻƻls. The economic damages are high, but the number of 

Objectives ς  

¶ To determine the causes of floods, existing flood control measures, guidelines on 

effective flood control & prevention 

¶ To analyze the different flood control measures all around the world with deeper 

analysis on key case studies. 

¶ To analyse few phytoremediation projects in depth (literature review) to obtain 

general ideas and concepts for this thesis. 
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casualties is usually very limited, because of the nature of the flood. The water slowly 

rises on the city streets. When the city is on flat terrain the flow speed is low and you 

can still see people driving through it. The water rises relatively slow and the water 

level usually does not reach life endangering heights. 

Å The economic cost of urban flooding can also be high, as water damage to homes and 

buildings can be very expensive to repair. 

 

 

Urban flooding occurs when water flows into a city or town faster than it can be drained, 

absorbed into the soil or moved to and stored in a man-made lake or reservoir. 

The four different typologies of urban flooding could be stated as follows: 

¶ Pluvial flooding - The accumulation of local rainfall runoff due to insufficient 

drainage and buffer capacity. 

¶ River flooding - Overflowing rivers due to insufficient capacity of the rivers to 

discharge the rainfall or rapid snow melt in a catchment/river basin, which can 

spread as wide as a whole region or even across borders. 

¶ Coastal flooding - Storm surges induced by heavy storms, gale-force winds and 

hurricanes causing sea levels to rise and flood a city. 

¶ Groundwater flooding - Water that collects or flows beneath the surface of the 

ground, filling the porous spaces in soil, sediment, and rocks ς originating from 

rain, melting snow and ice.

 

Figure 1 Types of flooding 
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1.2 Causes 
 

           It can be caused by flash flooding, coastal flooding, river floods or rapid snow melt, but 

mostly urban floods are related to man-made causes which generally cause flash floods. In 

the cities and towns, it is a recent phenomenon caused by increasing incidence of heavy 

rainfall in a short period of time, indiscriminate encroachment of waterways, inadequate 

capacity of drains and lack of maintenance of the drainage infrastructure. Common 

consequences of urban development & infrastructure include the removal of vegetation and 

an increase in impervious surfaces and drainage networks, all of which increase precipitation 

runoff into streams and rivers. This may result in more flooding. 

 

Figure 2 Types of flooding 
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Figure 3 Causes of flooding due to urbanization  

 

 

Some man made causes are:  

¶ ENCROACHMENT - More migration lead to less availability of land which lead to higher 

economic value of land. So, there would be more encroachment of water bodies which 

reduced economical services from water bodies.  

¶ POLLUTION - Explosive increase in the urban population without corresponding 

expansion of civic facilities such as lack of adequate infrastructure for the disposal of 

waste results in waste clogging the natural channels and storm water drains. Thus 

flooding. 

¶ ILLEGAL MINING ACTIVITIES - Illegal mining for building material such as sand and 

quartzite both on the catchment and on the bed of the lake have extremely damaging 

impact on the water body. 

¶ INTERFERENCE IN DRAINAGE SYSTEM - Drainage congestion caused by badly planned 

construction of bridges , roads , railway tracts, hampers the flow of water and the 

result is flood. 

¶ UNPLANNED RELEASE OF WATER FROM DAMS & POLICY ISSUES - Unplanned release 

of water from dams lead to floods along with lack of integrated flood control measures 

and incompetent implementing agencies. 

 

1.3 Existing Flood Measures  
 

            Flood events in recent years resulting in life losses, huge damages, demand urgent 

reaction. The emergency is also stressed by the fact that we face the threat of climate change. 

Urbanization, thus leading to flood control only proves to make matters worse. Due to this, 
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flood control measures are very essential in order to forecast, prevent, reduce and reverse 

the damages that may or have already occurred.  

            Flood Mitigation/Control mean planning, programming, setting new policies and co-

ordinating, facilitating, raising awareness, assisting and strengthening the existing policies. It 

also involves education, training, forecasting and warning measures. Flood loss prevention 

and mitigation includes structural flood control measures such as construction of dams or 

river dikes and non-structural measures such as flood forecasting and warning, flood hazard 

and risk management, public participation and institutional arrangement, etc.  

 

 

Figure 4 Flood measures 

 

Figure 5 Graduated Planning controls 

 

1.4 Guidelines on Sustainable Flood Prevention            

     
              The United Nations and Economic Commission for Europe (UN/ECE) have drawn up 

a set of Guidelines on Sustainable flood prevention (2000). This is a document which offers 

more strategic points than technical ones and is written in three parts, wherein part I consists 

of the basic principles and approaches. Part II concerns how to translate and implement the 

principles and approaches. While the conclusions are drawn in part III. 
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               There are a few general considerations to be kept in mind, however, before following 

and implementing flood control measures. 

¶ Flood events are part of nature. Natural hazards and flood events are part of nature. 

They have always existed and will continue to exist. What we need to prevent, and 

control are man-made occurrences which might pose an opportunity to worsen these 

floods and natural calamities.  

¶ Society has become more vulnerable to natural hazards. Although floods are natural 

phenomena, human activities and human interventions into the processes of nature, 

such as alterations in the drainage patterns from urbanisation, agricultural practices 

and deforestation, have considerably changed the situation in whole river basins. 

¶ The flood risk increases where risk is defined as the probability of occurrence 

multiplied by its impact. The impact of flooding increases: the impact of floods in 

terms of human health and economic losses has risen, and the planning of protection 

against floods can no longer be limited to protecting some isolated assets from certain 

types of danger.  

¶ Flood protection is never absolute. We will have to keep the unpredictability of nature 

in mind. Flood protection is never absolute, and things can go wrong. The question 

regularly arises as to what safety is available at what price, and how much of the 

remaining risk has to be accepted by society. Risk management will be the appropriate 

method to deal with this challenge. Emergency and disaster planning in case of 

extraordinary situations are important, also in respect of environmental effects which 

can occur in case of flooding of industrial sites.  

The same document further deepens into giving certain measures that are necessary for 

sustainable flood control management. A plan that is based on an integrated approach 

covering all relevant aspects of water management, physical planning, land use, agriculture, 

transport and urban development, nature conservation, at all levels (national, regional and 

local) must be considered. In the development of a flood management plan, decision makers 

at all levels (local, regional, national and international) as well as stakeholders and civil society 

should be involved. 

           The main practices that should be taken into account while drafting flood control 

measures are as follows: 

¶ INTEGRATED RIVER BASIN APPROACH - Experience has shown that effective 

measures for flood prevention and protection have to be taken in the level of river 

basins and that it is necessary to take into account interdependence and interaction 

of effects of individual measures implemented along water courses.  (In case of urban 

flooding, this still proves to be a good measure as it prevents an added problem of 

river floods). For an integrated flood prevention, protection and mitigation, a good 

combination of structural measures, preventive measures and operative measures 

during flood events are necessary: building codes and legislation to keep structures 

away from flood-prone areas, appropriate land use, adequately designed floodplains 
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and flood control structures planning, mitigation, early-warning systems, correct risk 

communication and preparedness of the populations how to act during floods. 

 

¶ PUBLIC AWARENESS AND PUBLIC PARTICIPATION - Problems associated with floods 

are often not sufficiently recognised and acknowledged. Communication plan to offer 

individuals an understanding of the nature and scope of these risks should be 

developed. Regional and municipal authorities will see to its continued and permanent 

implementation at the regional and local level in order to involve owners and 

administrators of properties, including organisations at levels of regions, districts, 

municipalities or individuals, and enable them to take preventive and protective 

actions by themselves and offer their opinions about the implementation of 

preventive measures for reduction of flood damages. All measures linked to public 

information and awareness raising are most effective when they involve participation 

at all levels. Public participation in decision making is a cornerstone of successful 

implementation of integrated and comprehensive action plans, both to improve the 

quality and the implementation of the decisions, and to give the public the 

opportunity to express its concerns and to enable authorities to take due account of 

such concerns.  

 

¶ RETENTION OF WATER AND NON-STRUCTURAL MEASURES - The storage effect of 

vegetation, soil, ground and wetlands has an important mitigating effect particularly 

in minor or medium-scale floods. Each of these storage media is capable of retaining 

certain quantities of water for a certain length of time. A large natural storage capacity 

provides slow rises in water levels and comparatively minor floods. Retaining water 

on the natural media should have priority over swift water run-off. In some cases, in 

the event of heavy and lasting rainfall, natural storage impact is less relevant as 

regards the reduction in flow but is still extremely beneficial when it comes to reducing 

sediment yield.  Conserve, protect effectively and, where possible, restore degraded 

wetlands and floodplains, including river meanders, oxbows, and especially reconnect 

rivers with their floodplains. Conserve, protect effectively and, where possible, restore 

vegetation and forests in mountainous areas, riparian woodland and meadows. Lastly, 

improve land reclamation including reducing the drainage of the landscape, reversing 

ǘƘŜ ǎǘǊŀƛƎƘǘŜƴƛƴƎ ƻŦ ǿŀǘŜǊŎƻǳǊǎŜǎ ŀƴŘ ōŀƴƪ ǊŜƛƴŦƻǊŎŜƳŜƴǘΥ άƭŜǘ ǊƛǾŜǊǎ ǎǇǊŜŀŘέΦ !ƭƭ 

work relating to draining swamp lands and drying damp and unsanitary land shall be 

considered as contrary to the objective of flood prevention. 

 

¶ LAND USE, ZONING AND RISK ASSESSMENT - Improve knowledge concerning extent 

and evolution of floods and water related problems10, simulate different high water 

incidences, study and compare zoning scenarios, and integrate this risk assessment, 

via identification and mapping of hazards11 and high-risk areas into land use, 

emergency and rescue planning policies. Immediate flood plains should be identified 

and designated by law as priority sites for flood retention or to restore, as far as 

reasonable, mobility to waterways. Stopping building development in the immediate 

areas at risk of floods, landslides or dam failures if an unacceptable risk to human lives 
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or material damage exist, should be regulated. Exceptions should be restricted to 

those uses which are of stringent necessity.  

 

 

¶ STRUCTURAL MEASURES AND THEIR IMPACT - Complement the flood protection in 

residential areas with limited space and where necessary, by flood protection walls, 

mobile closures, superstructures or simple sandbags, bearing in mind that their 

implementation must refer to a systematic planning co-ordination. The use of non-

permanent forms of barrier for flood protection can provide much needed flexibility 

and increased opportunities for effective management of a wide range of flood 

events. The level of deployment depends on the length of the warning and the 

capacity available for storage, transport and erection capacities without any 

deterioration of the evolution of floods in the downstream direction. 

  

¶ FLOOD EMERGENCY - Comprehensive national and local contingency plans to respond 

to flood events should be properly prepared in due time and maintained in operational 

status everywhere flooding might occur. These plans should cover the crisis 

management before, during and after the flood event: organisational schemes with a 

clear allocation of responsibilities and authorisations on each level, preparation and 

provision of information for the crisis management of large-scale and local disasters; 

sources of and access to real-time information. Evacuation plans should be based on 

the information given in the confinement plan to support effective measures in saving 

lives, movables, livestock, to remove hazardous materials in order to save the 

environment from accidental pollution. 

 

  

¶ PREVENTION OF POLLUTION - The disruption of water distribution and sewage 

systems during floods contribute greatly to severe financial and health risks. 

Preventive measures should be taken to reduce possible adverse effects of floods on 

these infrastructures. Alternative solutions should be planned and implemented to 

guarantee the operation of water distribution and sewage systems. Emergency 

management planning and operation against the harmful impacts of water pollution 

on ecosystems during minor and major floods should be properly prepared in due time 

and maintained in operational status, particularly to support effective measures and 

evacuation plans to secure or remove hazardous materials where appropriate. 

 

1.5 Flood Control Around the World 

 
NORTH AMERICA  

- An elaborate system of flood way defences can be found in the Canadian 

province of Manitoba. The Red River flows northward from the United States, passing 

through the city of Winnipeg (where it meets the Assiniboine River) and into Lake Winnipeg. 
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To protect the city from future floods, the Manitoba government undertook the construction 

of a massive system of diversions, dikes, and flood ways (including the Red River Floodway 

and the Portage Diversion).  

 

ASIA 

- Beneath Tokyo, Japan's densest city, a mammoth network of tunnel works as the city's 

ambitious flood management system. Comprising of two massive tunnels, known as the 

Metropolitan Area Outer Underground Discharge Tunnel or G- Cans project, and the 

CǳǊǳƪŀǿŀ wŜǎŜǊǾƻƛǊΣ ¢ƻƪȅƻΩǎ ŦƭƻƻŘƛƴƎ ǎȅǎǘŜƳ ǎȅƳōƻƭƛses one of the most remarkable city 

flood control systems in the world. The G-Cans Project was completed by 6 different 

construction firms in 2006 and cost around $3 billion US dollars. The completed structure is 

enormous and is estimated to have halved flood damage since construction finished. 

 

EUROPE 

¶ London is protected from flooding by a huge mechanical barrier across the River 

Thames, which is raised when the water level reaches a certain point. 

¶ Venice has a similar arrangement, although it is already unable to cope with very high 

tides. The defences of both London and Venice will be rendered inadequate if sea 

levels continue to rise. 

¶ The largest and most elaborate flood defences can be found in the Netherlands. 

 

1.6 Case Studies 
 

1.6.1 METROPOLITAN AREA OUTER UNDERGROUND DISCHARGE CHANNEL, TOKYO, JAPAN 
 

Tokyo, one of the densest cities on the planet, is home to one of the most ambitious and 

enormous flood-control systems ever created. And it is almost entirely invisible to Tokyo 

residents. It is the main water tank of the Metropolitan Area Outer Underground Discharge 

Channel facility in Kasukabe City, 19 miles north of Tokyo, Japan, which is one of the most 

ŦŀƳƻǳǎ ǿŀǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎƻƳǇƭŜȄ ƛƴ ǘƘŜ ǿƻǊƭŘΣ ŀƴŘ ŀƭǎƻ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǳƴŘerground 

flood diversion facility. 

Building flood protections 

        Starting in the 1920s, Japan began building water channels and an extensive set of levies. 

But storm after storm and flood after flood proved that the system was not enough. After a 

particularly deadly stream of six floods in the 1980s left tens of thousands of homes in the 

capital city damaged, national leaders decided Tokyo needed special attention. 
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The G-Cans Project 

/ƻƳƳƛǎǎƛƻƴŜŘ ƛƴ мффнΣ ŎƻƴǎǘǊǳŎǘƛƻƴ ōŜƎŀƴ ƻƴ ǘƘŜ άǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŘǊŀƛƴέ ƛƴ мффоΦ ¢ƘŜ 

concept was relatively simple. The plan connected existing rivers and waterways to overflow 

pipes and drains. This allowed the above ground drainage system in central Tokyo to continue 

in operation, while its overall capacity was massively expanded underground.  

 

Figure 6 The underground of the G-cans 

 

The underground system was composed of 5 giant cisterns that collected excess water from 

rivers and waterways. Each cylindrical shaft measures about 70 meters in height and 30 

meters in diameter, spacious enough to park a space shuttle. These cisterns are connected by 

6.5 kilometres of tunnels 10 meters wide buried 50 meters deep. The tunnels allowed the 

cisterns to provide capacity support to each other. The pipes take the water from the cisterns 

to an enormous pressure-controlled tank. This tank measures 177 meters long, 78 meters 

wide, and 18 meters tall. 59 pillars of 500 tons each support the ceiling and break up the 

power of incoming water. 

  

Figure 7 Overall configuration 
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Figure 8 Overall layout of the project 

        In terms of flood safety, the pressure tank is a staging area before a set of four turbines 

pump the water into an area of the Edo river that can take the overflow safely out to sea. The 

pressurized nature of the tank allows the system to regulate in case one of the turbines breaks 

down.  

        It can be hard to measure the impact of a preventative measure, because, by its nature, 

it prevents a damaging event from happening. By some estimates, the G-Can flood control 

system has cut flood damage in half. Tokyo and the surrounding area are much safer. 

 

Obstacle 

This project cannot be implemented in cities like Mumbai since they are not of any urban 

structure. The city of Mumbai grew rapidly without any planned expansion, meaning that the 

tunnels similar to Japan could not be implemented under the city.  There is also not much 

regulations when it comes to building a tall structure in Mumbai, due to rampant corruption. 

Due to this, a planned construction of tunnels cannot be made, since there will not be any 

necessary data related to the existing buildings in the region. 

Also, the soil nature in Mumbai is very much different and varying when compared to Japan, 

with types such as clay and porous rocky soil nearby one another, making the soil calculation 

tedious for the entire project, with no one predefined presets. 

 

1.6.2 ROOM FOR RIVER SCHEME, NETHERLANDS 
 

        One of the most infamous examples, and often thought to be the best example of flood 

management in a country, belongs to the Netherlands. After severe flooding in the North Sea 

in 1953, which claimed 1,800 lives, a Delta Works Commission was installed to make sure that 

a similar tragedy did not befall them again. 
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        Since then, the Netherlands has seen a notable improvement in its flood management 

systems, which are now world renowned. Some of the most notable examples of measures 

in place in tƘŜ ŎƻǳƴǘǊȅ ƛƴŎƭǳŘŜ ǘƘŜ ΨwƻƻƳ ŦƻǊ wƛǾŜǊΩ ǎŎƘŜƳŜΦ ¢Ƙƛǎ Ƙŀǎ Ŏƻǎǘ ǘƘŜ 5ǳǘŎƘ 

government around $2.8 billion dollars and features a number of steps in order to embrace 

the flow of water in the country and reimagine the existing landscape to provide better 

protection from flooding. 

        Much of the Netherlands is below sea level and major floods have occurred every 

generation or so for hundreds of years. In a warming world with increased rainfall and sea 

level rise, the threat from floods is increasing worldwide, and the Dutch are leading the way 

in water management engineering.  Only 50 percent of the Netherlands is more than a few 

feet above sea level, so over the centuries the Dutch have become expert at water 

management. 

          The old paradigm (the old flood control measure) was about confining rivers and 

building and strengthening the dikes along the rivers, but then they decided to explore a new 

approach, in which they give more space to the water. They now allow the river to expand 

when large volumes of water are entering the country. It's not fighting against water; it is 

living with water.  

 

Figure 9. A water plaza in the Spangen neighborhood of Rotterdam to capture floodwater. 

 

 

Figure 10. The Maeslantkering, an immense sea gate to protect Rotterdam. 
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 Cities now use parks and public spaces as emergency reservoirs for floodwaters created by 

severe rainfall. For storm surges from the ocean, they are changing their approach from a 

purely defensive system to one that prepares for the failure of these systems τ what is called 

ŀ άƳǳƭǘƛƭŜǾŜƭ ǇǊƻǘŜŎǘƛƻƴΦέ ¢ƘŜ ŦƛǊǎǘ ƭŜǾŜƭ ƛǎ ǘƘŜ ŦƭƻƻŘ ǇǊƻǘŜŎǘƛƻƴ ǎȅǎǘŜƳǎΣ ǘƘŜ ǇǊƛƳŀǊȅ ŘƛƪŜ 

systems and the second level is the urban and spatial planning. 

  These steps have included relocating dykes, lowering levels of floodplains in depth and, in 

some cases, relocating inhabitants to non-floodplain areas. Large numbers of inhabitants 

living alongside rivers are moved inland to allow water to have a freer passage through the 

Dutch waterways. 

Though it may sound like the move would face severe kickback from government and locals, 

the flood management initiatives in the country actually receive enormous support from the 

government, and general understanding and appreciation from the affected population. 

 

1.7 Literature Study 
 

The concept of phytodepuration or phytoremediation has been extensively researched in the 

field of waste water purification and industrial waste water treatment. Though the concept 

has not been used for the purification of rain and flood waters, it is safe to proceed forward 

with the assumption that the same concept and research results of the performances of the 

plants and the entire treatment system as a whole is suitable for the flood water purification. 

The research papers and journals published in Italy and India are mainly focused, with 

highlights and inputs from journals from other countries, where the concept has been used 

for indoor water treatment prototypes. 

Summary 

The journal published in ncbi.com by Priyanka Saha, Omkar Shinde and Supriya Sarkar on the 

topic of άtƘȅǘƻǊŜƳŜŘƛŀǘƛƻƴ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ƳƛƴŜǎ ǿŀǎǘŜǿŀǘŜǊ ǳǎƛƴƎ ǿŀǘŜǊ ƘȅŀŎƛƴǘƘέ show the 

extensive usage and purification of hyacinth plant for the purification of industrial waste 

water in the Sukinda Chromite Mines in Orissa, India. The water in the mines are filled with 

highly toxic Hexavalent Chromium (Cr VI). Wastewater from chromium-contaminated mines 

exhibit potential threats for biotic community in the vicinity. A water hyacinth species 

Eichhornia crassipes was chosen to remediate the problem of Cr (VI) pollution from 

wastewater. It has been observed that this plant was able to remove 99.5% Cr (VI) of the 

processed water of SCM in 15 days. This aquatic plant not only removed hexavalent Cr, but is 

also capable of reducing total dissolved solids (TDS), biological oxygen demand (BOD), 

chemical oxygen demand (COD), and other elements of water also. Large-scale experiment 

was also performed using 100 L of water from SCM and the same removal efficiency was 

achieved. 

The paper published in the International Conference on Water Resources, Coastal and Ocean 

Engineering ς 2015 by Samson Ojoawo, Gaddale Udayakumar and Pushparaj Naik on the topic 

ƻŦ ά Phytoremediation of Phosphorus and nitrogen with Canna x generalis Reeds in Domestic 
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Wastewater through NMAMIT Constructed Wetlandέ ŜȄǇƭŀƛƴǎ ǘhe method and advantages 

involved in phytoremediation or phytodepuration using canna x genralis for the removal of 

phosphorous and nitrogen in the wastewater from the NMAM institute of Technology. The 

results thus obtained form this research shows the decrease in the turbidity, Nitrates and 

Phosphates in the water along with the balancing of the pH after a period of 4 weeks. 

The above 2 papers were done with localized research in India, with plants available and 

suitable for the Indian ecosystem. These situations not only act as pilot programs for our 

project, but also provide valuable research data, without  which, obtaining them would have 

been time consuming process. The third research paper is the doctoral research of Jessica 

Tamiazzo from the university ƻŦ ¦ƴƛǾŜǊǎƛǘȅ 5ŜƎƭƛ {ǘǳŘƛ Řƛ tŀŘƻǾŀ ƻƴ ǘƘŜ ǘƻǇƛŎ ƻŦ άEvaluation 

of phytodepuration intensified systems for the treatment of agricultural and livestock 

wastewatersέ ǳƴŘŜǊ ǘƘŜ  ŘŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƻƴƻƳȅ CƻƻŘ bŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ !ƴƛƳŀƭǎ 

Environment. This paper deals with the research of purification of waste water from the pig 

breeding industry through natural filtration and phytodepuration process. This process being 

a long term project spanning over 2 years, covers the topic in detail, with short and long term 

purification results over different types of plants. 

Research Process and  Results  

Phytoremediation of industrial mines wastewater using water hyacinth 

The experiments were conducted in a series of rectangular plastic container containing 5 and 

100 L of water from SCM, respectively, at an ambient temperature range (25ς30°C). 250 g (for 

5 L water) of fresh biomass of Eichhornia crassipes was cultured in a tub for the period of 7 

days, whereas one of them was used as control and again the fresh biomass was noted for 

the following experiments. Plastic jar with only SCM effluent (not using plant) was used as 

control. The test durations were 0 (initial day), 5, 10, and 15 days, respectively. Deionized 

water was added daily to compensate the water loss through plant transpiration, sampling, 

and evaporation. The changes in pH, TDS, and Cr(VI) concentrations were determined at 

regular intervals. After the completion of each test duration, E. crassipes were separated into 

leaves, shoots, and roots for the analysis of Cr(VI) accumulation, bio-concentration factor. The 

TDS and DO of the treated water were also measured to know the effect of accumulation on 

the plant. After each experiment, plants were recycled for the next experiment. This is 

repeated 5ς6 times. After a certain time, aquatic plants were harvested. If the plants are not 

harvested then after their death and decomposition, nutrients will be released back into the 

water system. Therefore, regular harvesting was done to avoid this process of release back of 

nutrients. After getting successful results, large-scale experiment carried out in 100 L 

chromium-contaminated processed water from SCM. For this experiment, 5 kg (for 100 L 

water) of fresh biomass of E. Crassipes was used. 

The table given below shows the values obtained before and after the phytodepuration 

process, over a time period of 15 days. These values are then compared to obtain the net 

reduction in each of the chemicals or factors associated with the untreated water over the 

treated water. This type of results can be expected for the flooding model due to the similarity 
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in nature and surroundings, but the input values will be lower since the flood water expected 

is from an urban area, with lower possibility for high presence of Cr VI. 

Parameters Initial (0 Day) value Conc (ppm) Mean ± 

SE 

Final (15 Day) Conc (ppm) Mean ± 

SE 

Ca 16 ± 0.45 10 ± 0.45 * 

Mg 46.23 ± 0.07 32 ± 0.45 

Fe <0.001 <0.001 

SiO2 30 ± 0.45 24 ± 0.45 ***  

SO4
нҍ 1.7 ± 0.45 1.4 ± 0.45 

Co <0.001 <0.001 

Total Cr 2.0 ± 0.071 0.01 ± 0.005 ***  

Cr(VI) 2.0 ± 0.071 0.01 ± 0.005 ***  

Ni <0.001 <0.001 

Ti <0.001 <0.001 

TDS 290 ± 0.0089 235 ± 1.11 ***  

Table 1 Before/After Phytodepuration characteristics. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t1fn0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t1fn0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t1fn0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t1fn0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t1fn0002
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Figure 11 Total Dissolved Salt content in days 

The above given graph explains the decrease in the total dissolved salts in the water by the 

plants over 15 days. This factor is very crucial since the flow reversal process should not be 

sending saline water below the ground, increasing the TDS in the aquifer. This graph indicating 

the decrease in the salts show a positive response for the principle used in both the projects, 

though having different intended environment. 

 

Figure 12 Cr VI content in water per days 
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The above graph shows the absorption of toxic Cr VI by the Hyacinth plants over 15 day 

period. The input or introduction of 2ppm of Cr VI is done to mimic the chromium laced water. 

From standard experiment data, it was observed that, at lower concentration (0.5), water 

hyacinth is very efficient in reducing 99% of Cr (VI) from water. Also, in case of 0.5 ppm 

standard chromium solution, minimum time was (only 8 days) required to remove 99% 

hexachrome from water. In addition to that, in case of other standard solutions (0.75ς2 mg/L) 

maximum 10ς15 days were required to remove chromium as compared to 20 days required 

at higher concentration (5 mg/L). 

 

Figure 13 Ph value of water per days 

The table above indicates the balancing of the pH by the  hyacinth plant over 15 days time 

period. The input water was at a pH value of 8.2, over the basic nature. The phytodepuration 

process over 15 days has reduced the pH to a neutral value of 7.2 ς 7.4. This factor is not only 

important for the acidic nature of the water, but also indicates the survival nature of the 

plants in such aquatic environment. 

In general, all the waste samples collected were devoid of dissolved oxygen (DO). After 

phytoremediation experiment, there was increase in the DO after treatment as indicated by 

reduction of BOD and COD in the wastewater. In present study, the introduction of water 

hyacinth in SCM wastewater has shown 50% and 34% reduction in BOD and COD, respectively. 

The input, output values along with the reduction factor for BOD, COD and pH are given in 

the table in the following page. 
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SCM 

water 

pH Mean ± 

SE 

BOD (mg/L) 27°C-3 days Mean 

± SE 

COD (mg/L) 27°C-3 days Mean 

± SE 

0 day 8.26 ± 

0.0089 

352 ± 0.45 423 ± 0.45 

15 day 7.5 ± 0.089 176 ± 0.45 ***  279 ± 0.45 ***  

Table 2 General Chemical Properties Reduction Factor ς Exp 1 

To mimic an average situation, a more realistic situation and worst case scenario, different 

ppm quantities of the chemical chromium VI are added to the water and tested for the same. 

The results are as given below.  

Standard chromium solution (ppm) 5 day 10 day 15 day 

0.5 0.2 ± 0.045 0.5 ± 0.045 0.98 ± 0.006**  

0.75 0.53 ± 0.004 0.7 ± 0.045 0.97 ± 0.006***  

1.0 0.45 ± 0.004 0.7 ± 0.045 0.98 ± 0.004***  

2.0 0.39 ± 0.006 0.67 ± 0.004 0.92 ± 0.006***  

5.0 0.2 ± 0.045 0.45 ± 0.004 0.67 ± 0.004* 

Table 3 Cr Reduction over 15 days 

 CǊƻƳ ǘƘŜ ŀōƻǾŜ ǘŀōƭŜΣ ƛǘ ƛǎ ǾƛǎƛōƭŜ ǘƘŀǘ ǘƘŜ ǿŀǘŜǊΩǎ ŎƘǊƻƳƛǳƳ ŎƻƴǘŜƴǘ ƛǎ ŀǘ ƎŜƴŜǊŀƭ ǊŜŘǳŎŜŘ ǘƻ 

around 0.7-0.9 ppm, which is within the usable limit for general purpose, not for potable 

purpose. Further natural purification occurring under the ground in the aquifers purify the 

water even more, reducing the total dissolved content to a very feeble value, thus making it 

usable for most domestic purposes when pumped out. 

The produce thus obtained from this process i.e. the water hyacinth can be used as food since 

it is rich in proteins and vitamin A. But care must be taken to ensure that the water in which 

ǘƘŜ Ǉƭŀƴǘǎ ƎǊŜǿ ŘƛŘƴΩǘ ƘŀǾŜ ƳǳŎƘ ŎƘŜƳƛŎŀƭ ŎƻƴǘŜƴǘǎ ƻǊ ǘƘŀǘ ǘƘŜ Ǉƭŀƴǘ ƛǘǎŜƭŦ ŘƛŘƴΩǘ ŀōǎƻǊō ŀƴȅ 

chemicals since it will be toxic and can cause problems when ingested. The sludge obtained 

from this process also act as natural fertilizer, with no side effects. It can be used for anaerobic 

digestion of methane and fermentation process in alcohol. These side produces will help in 

balancing the process cost of the project, or can even act as community strengthening factors, 

which we will discuss further down the project. 

Phytoremediation of Phosphorus and nitrogen with Canna x generalis Reeds 

Wetland construction is usually done in shallow pits that are installed with a drain pipe in a 

bed of pebbles or gravels and sand layers, upon which the native vegetation is planted. The 

vegetation may be emergent macrophyte, floating plant or submerged plant species. To 

prevent pollution of the underground water beneath the wetland, an impermeable 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t2fn0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t2fn0001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t4fn0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t4fn0003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t4fn0003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t4fn0003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5152555/#t4fn0001
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membrane is provided at the bottom. According to (Baskar et al., 2014), the basic types of 

treatment wetlands are free water surface (FWS) wetland and subsurface flow (SSF) wetland. 

The SSF constructed wetland is further classified into horizontal subsurface flow (HSSF) and 

vertical subsurface flow (VSSF). When the wastewater is channeled to flow through the 

constructed wetland, it is treated by the various processes of sedimentation, filtration, 

oxidation, reduction, adsorption, precipitation, bacterial metabolism, nitrification, de-

nitrification, and plant uptake. Constructed wetlands have the potential to treat a variety of 

wastewaters by removing organics, suspended solids, pathogens, nutrients and heavy metals. 

Evapotranspiration may significantly reduce the amount of discharged flow and may influence 

the removal rate of nutrients from constructed wetlands. 

 

Figure 14 Flow of phytoremediation 

 

Table 4 General Chemical Properties REductin Factor ς Exp 2 
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The above given table shows the input and output values for different chemicals and factors 

such as pH, nitrates, phosphates, NTU etc. It is notable that the reduction in the nitrates is 

much higher than other chemicals due to the aerobic nature  of the plants selected for the 

phytodepuration process. The reduction of these factors over a period of 4 weeks is noted 

and plotted over graphs with the chemical indicators along Y axis and time in weeks plotted 

on X axis. These graphs are as given below.  

 

Figure 15 NTU over 4 weeks. 

The above graph shows the reduction and maintenance of the turbidity NTU of the water over 

4 weeks time period. It is notable that  the water pre-phytodepuration fluctuates inn the NTU 

value over the weeks but the processed water has maintained the NTU at 20, with slow 

reduction over the time period. With availability of loner  time period, the NTU is expected to 

be reduced even further down by the plants. It is also notable that this reduction factor 

changes with different plants and an extensive research is needed to determine the most 

optimal plant. 

 

Figure 16 pH balance over 4 weeks. 

The above graph shows the balancing of the pH from the acidic nature of the input water to 

the pH neutral value of 7 ς 7. This occurs due to various chemical changes in the water by the 

plants reacting with the contaminants. Mainly due to the formation of DO and balancing 

reactions from the roots of the plants, the pH neutralization occurs in the water. 
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Figure 17 N in ppm over 4 weeks. 

This table shows the drastic reduction in the nitrate content in the water, which reduces the 

value of N to more acceptable ppm value, thus making it less toxic. This drastic reduction has 

ccured over a period of 4 weeks. The journal suggests further reduction is possible when there 

is more retention period is available as the reduction curve sees a change in the slope over 

the period. The reduction over larger ppm at 75 ς 50 takes longer period when compared to 

the reduction from 50 to 25, making it a steeper slope in the soluble end. 

 

Figure 18 Phosphate content over 4 weeks. 

Finally, the above table gives the changes in the phosphate content in the solution. A 

fluctuation is seen between the weeks1 ς 2 ς 3 with a decrease and increase. This 

phenomenon is explained as the increase in the inherent phosphates in the input water and 

also the by products of other reactions in the water. This phenomenon when tested under 

other water inputs, has shown a gradual reduction. This graph is also conclusive in showing 

how the reduction of  phosphates is not as fast as the nitrates, because of the ammonic or 

NH reactions that any plant undergoes over photosynthesis and its growth period. 

These researches reviewed above give a general guideline and research data with which our 

project can proceed in a progressive direction, with purification of water within scope of the 

undertaken procedure. With researches diversified in the plant usage, nature of the water 

system, the type of chemicals present, the nature of the reactions taking place etc, it is 

possible to predict a path for the phytodepurative flood water purification project. It is also 

noted that the project can have its progress in the research and experimentation sections in 

a rapid way, since these experimentations are already performed and the results are available 

for analysis and usage from the above reviewed papers.  
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An indepth review of the pig breeding facility research is not done since it is a long term proect 

and the same cannot be implemented or incorporated in our project, which aims to see 

results within a period of 2-4 weeks, as the monsoon period is very rapid and harsh. The 

purification has to be done in a very fast way and sent to the ground aquifers in the case of 

normal rains over 2 weeks, or stored, purified and sent to ground over 4-8 weeks in case of 

flooding waters, where the flow reversal will occur only after the rain period and just before 

the summer  onset, to remove as much contaminants from the water as possible and to 

effectively purify all the water collected. 
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2. ACTIVE FLOOD CONTROL THROUGH MATRIX DRAIN SYSTEM AND 

PHYTODEPURATIVE FLOW REVERSAL 
 

 

    This project of "Active Flood Control through Matrix drain system and Phytodepurative 
Flow Reversal" aims to achieve the target of active flood control along with ground water 
regeneration. This project, in collaboration with Politecnico di Milano and few other 
institutions and authorities of Public Works Department of Trichy, India, has been proceeded 
with the main aim of achieving Total Sustainability, with zero environmental pollutions and 
negative impacts, with the target of improving the existing social conditions in the city of 
Mumbai, India, while effectively controlling seasonal floods. This project aims to produce a 
module, a primary design that can be modified in accordance with the environmental 
requirements of the city for which active flood control is required. 
The concept of interlaced matrix style layout is used for the drainage system, a whole new 
concept in India, with the use of materials that are quick and easy to install. The target of 
achieving ground water regeneration is achieved by flow reversal, wherein the water is 
pumped down through artificial force or by gravitational infiltration through shafts into the 
aquifers or ground water table. This water is preliminarily purified by Phytodepuration, where 
the water is purified by the plants, a self-sustaining process. 
 
    In addition to the design of the project module, the flood & Rainfall calculator is designed 
and submitted. Also, many contractors were contacted, and a model tender call is formulated, 
obtaining prices and supply plans for the many parts of the project. Total cost plan will be 
provided for the project with the best tenders and the cost details are submitted in this 
report. 
 
    In addition to this, a pilot project of active flood control with hydroponics is produced, to 
simulate and assess the performance of the flood control method in hilly regions, to credit its 
adaptability and scalability. The concept of Phytodepuration - Phytoremediation is modified 
as hydroponics, where the plants not only purify the water, but also produce high yields in 
cash crops, with little to no soil. This concept is introduced to enable an active economic 
growth in rural areas, achieving economical sustainability. 
 
    The project is aimed not only in India but also in other south Asian countries, which 
experience high rainfall and flood occurrence, with the aim of achieving total or global 
sustainability through Social, Environmental and Economical Sustainability of the considered 
region. Through this project, we submit a proposal for the betterment of the city of Mumbai 
through the flood control and ground water regeneration with our module. 

Objectives ς  

¶ To perform SWOT analysis on the phytodepuration module in the Mumbai City ς 

Context. 

¶ To report the geographical location and associated properties of the module. 

¶ To describe and highlight the working of the entire phytodepurative module in an 

abridged report. 
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2.1 SWOT Analysis 

 

Figure 19 SWOT Analysis of the project  

Strengths : 

1. Effective flood control and minimizing of economical loss: The flooding 
condition in Mumbai and other cities are expected to reduce with this implementation of the 
project, since it directly targets the hydrological phenomenon of flooding, by calculating its 
flow rate, stagnation rate, flow reversal properties etc. This purpose of the project will also 
increase the popularity of it in many rural and growing cities, targeting the drain construction 
phase of the city, where instead of the traditional drains, the HDPE pipes with matrix layout 
can be implemented as a long term solution 
 

2. Improved Environmental Conditions :  The implementation of this project will not 
only effectively control the flooding but will also improve the environmental conditions of the 
area, since the project has many green solutions and functions, acting complimentarily to the 
main solution, thereby making the entire project environmentally attractive and green. 
 

3. Future Proof :  The project aims not only to control the floodings happening in the 
city but to also act as a long term solution for the drainage problem of the city as well as one 
of the possible solutions for the draught problems faced by many cities in India due to high 
consumption rates of the ground water. The materials used in this project will be 
environmentally sustainable and have long life span, which means they are suitable for 
possible increase in the intake and usage due to the expansion of the city and its population 
thus making it future proof. Since the project utilizes high quality plastics and components 
with high serviceability, they are easy to maintain and repair, meaning less cost in the overall 
run of the project. 
 

4. Cheap and environmental friendly materials : The materials used in the project are 
selected or designed to be environmental friendly since the whole purpose of the project is to 
achieve effective flood control through total sustainability. Materials such as hydrophilic 
concrete and High Density Poly Ethylene Plastics are used for the construction of tanks and 
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the pipeline system for the whole project. This ensures that there is no green house effect or 
soil pollution taking place due to the project. The materials used are also very cheap to 
manufacture and assemble on the site since they are of basic forms and high availability in the 
region. The labour force is also highly competitive in the case of cost due to local availability 
and surplus supply. Also considering the trade routes and policies of India with S.E.A. countries 
and China, the materials can be manufactured in bulk with minimum cost and easy 
transportation to the sites. 
 

Weakness: 

1. Long Implementation Process : The administration and tendering process for new projects, 
especially for large scale projects are very slow and tedious, taking months if not a year for 
approval from the government. Combining this with the changing political climate in the 
region during the time of implementation, the delays could be very long. The ever changing 
political stances in major cities determine the continuity of the administrative procedures for 
the project and if there is a shift in the political structure, the delays could be huge and in 
some cases, the project could be halted for an indefinite period. 

 

2. Red Tape Issues :  The term red tape refers to the smaller steps in administration and approval 
process. This also refers to the huge corruption problem in India, where for any approval 
process, a part or percentage of the budget has to be paid as a bribe in many government 
offices.In India, the slow government process affects this stage, where the approval phase is 
shifted around many days due to the delays and payment issues under the table. Since many 
phases and steps could begin only after this stage of approval, this block will lead to a standstill 
for the entire project affecting its initial phase. 
 

3. Heavy Investment :  The investment required for this project is high and the payback can be 
expected only in terms of economic damages avoided and not through cash inflows. Not many 
local body governments would undertake such projects unless sanctioned and funded by the 
central or state government. The payback system for these projects in itself will deter the 
profit oriented private sectors to perform a Public Private Partnership (PPP), with schemes 
such as design, build and operate being impractical. They can be tendered and contracted 
with the funding for the entire process, with or without micro-managing the project from the 
government side. 
 

4. Periodicity / frequency of floods :  The periodicity and the frequency of the floods in Mumbai 
also act as a threat since the project will be operational only during this period. It is also 
ƳŜƴǘƛƻƴŀōƭŜ ǘƘŀǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ŧǳƭƭ ƻǇŜǊŀǘƛƻƴŀƭ ŎŀǇŀŎƛǘȅ ǿƛƭƭ ōŜ ƳŜǘ ƻƴƭȅ ƻƴŎŜ ƛƴ т-10 years 
where the flood is very high due to climate change and other factors. These factors will also 
be very crucial in determining the economical loss and human loss avoided by the system in 
its operation after implementation. Though calls for a smaller version of the project with lower 
capacity will be put forward, it is important to note that the entire project is designed for the 
most probable worst case scenario, thereby keeping the cost lower. 
 

Opportunities : 

1. Improved social and environmental sustainability :  Although the project is aimed towards 
effective control of flood, the by-products of the project / system are also worth mentioning. 
Through the system of implementation mentioned further down this book, social 
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sustainability can be achieved with little to no extra efforts of the project. The innovative 
kiosk stands near the tank will not only inform the public about the scope and operations of 
the project but will also inform the general public on how their money is being effectively 
used, thereby creating awareness for them in the areas of public welfare, sustainability and 
environment. 

 

2. Improved social involvement :  The process of involving the youth and the school children 
during the construction phase of the system will increase the social involvement of the region 
and will act as an initiative for the people. The usage of modern technologies suchas mobile 
phones for information systems by the public for their area / locality will also improve the 
involvement during the operation and maintenance phase. This not only increases the 
awareness of the people but will increase the accountability and the responsibilities of the 
local authority and the operating body, keeping them in check. This increases the 
transparency and efficiency of the system. 

 

3. Flagship Initiative :  The project being a new and innovative idea, based on phytodepuration 
and ground water regeneration will attract many  cities to follow suit and implement this 
idea, with little modifications. The environmental friendliness and the cost effectiveness of 
this project will also act as attractive points to many cities which are on their way to become 
smart cities. This project and its system will not only be an innovative initiative but will also 
act as a flagship project to many such endeavors where basic concepts are used to tackle 
highly complicated global issues in a large scale. 

 

4. Increased Employment :  As mentioned further down the project in this book, the concept of 
community utilization is used. This means that the local community is actively involved in the 
development and the operation of the project / system, thereby increasing the employment 
rate of the locality. This coupled with the fact that Mumbai experiences high unemployment, 
especially for engineering graduates, will create an opportunity to involve and train them, 
which can not only be helpful for this project but also for their future employments. 

 

Threats : 

1. Bureaucratical Issues :  The issue with the government structure changes from region to 
region within the same country, hence a fixed structure cannot be followed during the tender 
and contract process. This could potentially change the rate at which the project is 
implemented in various regions in the country, meaning an unstable and unpredictable initial 
stages in the entire project on various locations. 

 

2. Changing Climate :   The constant change in the climate, although forecastable, is always 
unpredictable, creating new changes and challenges to the entire concept of the project. For 
example, the increase in the greenhouse gases have caused an increase in the overall 
temperature around the planet, causing sudden changes in the climate . This might increase 
the rainfall or make the land arid and turn it into a desert in the future, making the project 
either inefficient or unnecessary. 

 

3. Social Unawareness and disinterest :  The social sustainability could not be easily achieved 
due to the vast difference in the educational background of the people of Mumbai. 
Considering the fact that Mumbai has a large slum population, the education and the 
awareness of the people might not be necessarily high and might require large efforts to 
crease an effective means of awareness. 
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4. Long Installation Process :  The installation of the HDPE pipes in the matrix form will be a 
long and tedious process, and will be taking place in steps and stages along different parts of 
the city. This will cause disinterest among the local residents and there is always chances for 
delays when there is huge period of constructions. These factors all pose a threat to the entire 
project, which could be tackled and avoided to enable ease of construction and operation. 

 

 
 

2.2 Mumbai City ς Module 

 

Figure 20 Location of the module 

The city of Mumbai has been chosen as the site for developing our module. The city has been known 

to be prone to urban flooding year after year, which shows that the existing flood control measures 

are failing to a certain extent. This densely populated and most important metropolitan city of India 

shows ample potential for developing new techniques for flood control. 
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Since it is not possible to test this module in the entire 

city of Mumbai, an area of 4 sq.km which is centrally 

located has been identified. This area, located near the 

main airport in Mumbai, primarily consists of residential 

and commercial sectors. Thus, it would become easy and 

more valuable to implement water regeneration and re-

use in such an area. 

Another important aspect that led us to choose this site 

is that it is located near the Mithi river, which is one of 

the rivers that overflows and causes urban flooding 

during the monsoon. 

Within this 4sq.km, a centrally located open ground have 

been identified as our core module site which would 

locate the main purification tank and water collection 

systems, with other recreational activities for the public. 

The piping systems laid across the 4sq.km region will 

converge at this module site.  

 

 

Figure 21 Boundaries of the module 
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The module will not only consist of technical elements like water collection and phytodepuration 

tanks. Efforts have been made to bring in public involvement for this project, not only at the 

construction phase but also in the usage phase. 

The module will be proposed as a park in which all the pipes will converge. The decision to make 

this site completely public comes along with the fact that there only few places in Mumbai with 

extremely large public spaces for recreational use. This initiative will aim to combine the technical 

and social aspects. The social features of this park will attract more people and by actively 

displaying the technical facets of the flood control system, it will help in spreading knowledge and 

information about this project.  

The phytodepuration tank will be camouflaged as a lake which will add to the aesthetics of this 

park. There will be various recreational facilities like jogging tracks, play grounds, play areas etc 

and a visitor centre which will provide all the information regarding this project and guide people 

around the park in general. 

 

Figure 22 The phytodepuration tank of the module  

 

The regeneration tank will act as an open museum which will display the purification process. The 

walls of this tank will be filled with interactive display boards, which will display information about 

this module and the amount of water purified and reused, the main aim of which will be to inspire 

the readers to get involved in this process. 
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Figure 23 The aeration tank and viewing deck 

The visitor centre and the tank as an open museum will also be open for group tours like school 

going children. The interactive boards will make sure to keep giving them interesting and up to 

date information. Through these interactive display boards, the users will also be encouraged to 

leave suggestions and queries regarding this process. 

 

Figure 24 Information display system 
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Another imminent problem that exists in Mumbai is of drainage leaks. If a drainage issue is found 

in a public space, it is extremely hard to get this fixed due to lack of maintenance. This project also 

offers a solution to the public in a very easy-to-use and efficient way. This is done with the help of 

QR codes. If anybody finds and drainage or leakage issue, all they need is a mobile app. There are 

QR code bollards installed at certain maintenance points. A person just needs to scan this code in 

order to send notification to the technicians about an issue at this point. These bollards can also 

be used as landmarks. 

    

Figure 25 QR code Bollards 
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3 TECHNICAL DETAILS AND RAINFALL CALCULATION 

3.1 Flood Module Working Network and Process 

 

Figure 26. Flow of Process 
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Objectives ς  

¶ To explain the layout and the functions of the module, in both network schematics and in 

descriptive cum figurative process. 

¶ To  perform all necessary calculations for rainfall quantity, tank and pipeline design with 

development of a basic calculation tool. 
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3.1.1. Process 

Rainfall Occurrence: 

During the monsoon seasons in south east Asian countries, unpredictable rainfall will occur 

with great intensities, flooding the streets in less than a day. Analysing the flood patterns and 

the rainfall intensity patterns have been a detailed study in the past, giving significant results 

with which, the operational period of the flood module can be determined. This period will 

be crucial in determining the effective start and finish of the active working of the pumps and 

also in determining the channel diversion works, closure of the side activities of the lakes, 

setting of perimeters of safety around the impact area etc.  

During this stage, in between the period of rainfall is determined and is about to start, the 

module servicemen will take predetermined steps or orders in order for the module to work 

ǎŜŀƳƭŜǎǎƭȅ ǿƛǘƘƻǳǘ ŀƴȅ ƛƴǘŜǊŦŜǊŜƴŎŜΦ ¢ƘŜ ƳƻŘǳƭŜΩǎ ǇŀǎǎƛǾŜ ǳǎŀƎŜΣ ǎǳŎƘ ŀǎ ƛǘ ōŜƛƴƎ a park, 

playground or any recreational function will be  stopped and the particular area of module 

catchment i.e. the area of the tank and its depth up to which the rainwater collected is 

expected to be stored, is blocked off for the public and all hydrophobic attachments in that 

area, depending on the nature of the passive work, is removed and stored till the season is 

over.  

Initial approximation, detailed calculation and factor-of-safety-oriented estimation of water 

depth in the module is determined and relevant safety measures are done based on that in 

the module. The depth determined by the detailed calculation is then multiplied with the 

F.O.S. in order to get the safety value for the tank. It is notable that the F.O.S. will vary 

depending on the country that the module is used. Since this type of urban reservoir has not 

been implemented in S.E.A. countries before, new regional laws have to be formulated using 

the same calculations used here, by the relevant regional governments so that in future, the 

same could be used by similar countries and could possibly become a norm for any country 

for rain water management. 

 

Collection of rainwater: 

The rainwater collection process is of multiple variation and methods, with the most common 

being the road surface collection and the roof top collection. For the sake of the project, other 

means of rainfall collection such as river collection, agricultural areas etc are avoided. The 

rainfall collected by the surface runoff and the roof top amounts to the majority of the water 

for an urban area, such as Mumbai, Chennai, Kolkata etc.  

The rainwater that washes off the sides of the buildings, especially seen in the tall skyscrapers 

are calculated with trigonometrical method, considering the angle of rainfall with the 

intensity of the winds. There is conflicts of interests in this regard in the research field where 

some claim that the heavy runoff of water along the facing side is compensated by the very 

low runoff of water on the opposite side, since the water falls far from it due to rain. While 
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this is also taken, there are other ways to calculate the total rainfall by considering the overall 

ŀǊŜŀ ƻŦ ǘƘŜ ǳǊōŀƴ ǎǇǊŀǿƭ ƻǊ ǘƘŜ ƳƻŘǳƭŜΩǎ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ŀƴŘ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǘƻǘŀƭ ǿŀǘŜǊ 

quantity of that area by the rainfall intensity and the time period considered. This method is 

used in this project since the calculation based on the wind velocity and wind direction is 

impractical to be determined, especially in this stage, before even the rainfall occurs. Since 

the determination of the side runoff water is impractical and the results obtained from it are 

only slightly different from the urban sprawl method to make any significant mark, it is 

discarded in this project. Finally, the overall quantity of the water from the rainfall is taken 

with a higher approximation with F.O.S. to include a margin for errors and safety in situations 

where there is any anomaly in the predicted rainfall intensity resulting in a surge of total rain 

water quantity. 

 

Inlets: 

              The rainwater collected through the surface method needs to reach the collecting 

pipes without any hinderance. For that, a compound mesh inlet is designed to allow the water 

to freely flow into the pipe without collecting any debris along the way. These inlets are fitted 

along the pavements or walkways of the sides of the roads, practically hidden to the naked 

eye. The section of the pathway that is containing the water inlet is marked off for a small 

area to contain the mesh removal mechanism and will also host the information QR code and 

other relevant data regarding the same.  

The inlet module as shown in the figure shows how the mouth of the inlet varies vastly in 

comparison with the regular drain inlets in India. These mesh type inlets are common in 

European and American continent but is rather rare in the S.E.A. countries where there is no 

standard regulation in this case. Due to the lack of inlet mesh, the subsurface rain water drain 

is always blocked by the debris that are collected along the water. This not only stops the flow 

of water but also poses a threat in the increase in the water pressure in certain sections of 

the pipe, resulting in bursts. This increase in the pressure along the pipe not nly causes bursts 

but also weakens the network and puts higher flow rate in other connected sections. 

Determining the source of blockage will be tedious, especially during the flood periods. 

The mesh fitted in the pipe inlet mouth is removable and comprises of large sized coarse mesh 

and fine smaller mesh, which are distanced from each other to collect the debris effectively. 

The larger size mesh will remove the larger particles, usually any plastic waste floating along 

the flow. The streamlined shape of the larger mesh helps in pushing aside the wastes and 

contaminants away from the mouth so as to avoid any blockage near that region. Blockage 

along this region will also be harmful to the network and will cause the water to become 

stagnant in that region. Even though the pipeline is designed to take in water from multiple 

inlets during blockage and carry it though many other paths during an internal blockage, the 

entire system is primarily designed to avoid such incidents in the first place, with a motive 

άǇǊŜǾŜƴǘƛƻƴ ƛǎ ōŜǘǘŜǊ ǘƘŀƴ ŎǳǊŜέΦ 
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The smaller mesh is used to prevent silt-creating particles and finer plastics from entering the 

pipe and this section of the pipe is removable for cleaning and maintenance purpose. A 

removable cage is used to enable this mechanism and is marked with its planned serial 

number and code, so as to be easily identifiable by both the authorities and the people. The 

filtrate selected for this part is of high corrosion resistance nature and high compressive 

strength in order to be able to perform its function without any damage to it. Although the 

entire design of the inlet module is made to be sustainable in the long run, frequent 

maintenance and repair works are carried out in order to keep the entire project in its peak 

conditions to avoid any failures. 

The top section of the filter module is made up of an aluminium plaque, containing all the 

information of the module such as its location, carrying capacity of the network, interlinked 

pipe line map and other information available to the public and the relevant authorities. The 

module also consists of a QR code, unique for each module throughout the city, which digitally 

consists of all the relevant information. This is to ensure that there is an open transparency 

between the public and the authorities, available much more easily. 

In the case of a blockage, the people of that area can just scan the QR code with their mobile 

ǇƘƻƴŜǎΣ ǿƘƛŎƘ ǿƛƭƭ ƭƛƴƪ ǘƘŜƳ ǘƻ ǘƘŜ tǊƻƧŜŎǘΩǎ ǿŜōpage, already filled in with all the relevant 

information of that module, such as the location, pressure capacity etc. All the residents have 

to do is to press the report button to file a blockage complaint. This will create a new ticket 

to the authority with all the information due to the QR and will also send a confirmation to 

the complainant. This process enables in clear and easy process of people-managed-project, 

making the people responsible and aware of the project. This is also one of the minor steps 

in the social sustainability of the project. 

There are other inlets such as the one shown below, much common in the region considered. 

This type of inlet is used in areas where there is no possibility f minor contaminants entering 

the pipe system such as major urban roads and inter-city highways. The usage of these inlets 

cum manholes wherever possible will reduce the costs thus reducing the overall cost of the 

project. It is also notable that these inlets have a very long-life time and do not require much 

maintenance and help in the aesthetics of the city.  
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Figure 27 Inlets form the road 

 

Figure 28 Inlets connecting to the main collection pipe 

 

Artillery Pipes: 

          The water collected from the roof tops are also considered in this calculation since they 

form a major portion of the urban sprawl area considered. Hence, the water from these roofs 

are highly critical. The water from these roofs are collected through artillery pipes, which run 

from the roof to the bottom of the building, carrying rain water from the roof.  

Usually the rainwater is just let off into the ground or in certain South Indian States, the rain 

water is harvested. During the political period in 2005, the then chief minister of the state of 

Tamil Nadu issued a decree stating that all domestic and business purpose buildings should 

have a rain water harvesting system, with which the rain water is collected by pipes and sent 
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into a pit containing gravels, coarse and fines sand, before it is  sent into the soil, regenerating 

the sub-strata water content. The sand and stones will act as natural filter materials, while 

the entire system acts as a domestic flow regeneration process.  

Although this rainwater harvesting system is of good intention, poor regulation of the 

execution process has created an inefficiency in the harvesting. This is mainly due to people 

having local contractors digging a small pit, inadequate for the process, just to lower the cost, 

while still following the government decree. 

This existing pipeline structure is a viable option for the implementation of our project at this 

phase, since all the modification necessary is just to connect the outlet pipe of the existing 

harvesting system, which outputs water into the pit, to the main collection pipe, so as to 

effectively collect all the water.  

The existing system of rain water harvesting also had the problem of overflow into the ground 

due to very slow ground penetration process, creating domestic floods within the compound 

of the building. In recent times, with the increase in the flood frequency, this has resulted in 

commercial buildings diverting their rainwater pipe into the sanitary output line, which 

creates high volume of viscous waste to be processed at the hard water treatment plant. 

The connection of the auxiliary pipes with the main collection pipe will be performed by our 

team to avoid any mishaps and to establish a common and uniform standard of quality. The 

maintenance of the artillery pipes will be made by the commercial building itself, similar to 

the government decree issued in 2005, so as to encourage CSR and CER (Corporate 

Environmental Responsibility) and also to reduce the cost on the project side. While the 

maintenance will be done by the owner, the guidelines and standards for new artillery pipes 

for upcoming buildings will be made by the us, with coordination with the local government 

bodies.i 

 The artillery pipe should be made with either high density polyethylene pipes, similar to the 

one being used in the main collection pipe or of environmental-body accepted plastics, so as 

to ensure environmental sustainability. In recent trends, some high-rise buildings have 

aluminium channel conduits carrying the rainwater to the ground, which is also acceptable by 

any S.E.A. country as per their own standards. This will be more prevalent in the future since 

the development of the urban sprawl in these regions is a Follow-Up trend, where we just 

have to ensure that it is being followed in big cities, while the smaller urban cities will follow 

the trend, even without implementing it with a government decree. 

Finally, the artillery pipes will be connected to the main pipe through flexible and pressure-

adjustable joints, fitted by our team, at the required places. The number of connections and 

their sizes will be dependent on the surface area of the terrace of the building and also the 

rainfall intensity of that area considered. A pressure control is placed in order to ensure that 

high pressure is not accumulated due to high elevation height of the tall buildings (due to 

potential energy by height) and also to avoid any backflow from the main pipes. 
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Main Collection Pipe: 

              The rainwater collected through the above-mentioned means will be channelled to 

the main pipeline running along the length of the road. The main pipeline is designed to carry 

the rainwater in a fast way, with accommodation for storage during blockage and sudden rush 

of water. The pipeline network is interconnected in such a way that even with multiple 

blockages in the same area, the water will be diverted to the parallel pipes and still flow. Even 

in worst cases where the water is not flowing, the pipe is designed to be able to hold the 

water for a certain period before repairs are done on that area. This will significantly reduce 

the water stagnation in that area and divide the water holdings to all neighbouring networks. 

The pipeline design calculation is provided in the following chapters, which in a detailed 

method, explains all the calculations, their conclusive details, assumptions and 

considerations. The rainwater data from 1900 to 2015 is taken for the city of Mumbai, with 

the maximum rainfall being 943mm in a single day in 2005. For the sake of practicality, the 

average maximum rainfall is taken as 500mm since the rainfall of 2005 is an isolated 

ƻŎŎǳǊǊŜƴŎŜ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ȅŜŀǊǎΩ ƘƛƎƘ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊΦ The estimated average 

rainfall intensity is around 50-60mm for 24 hours, considering which will give us few days of 

retention in the pipes itself. 

Main pipeline is made up of HDPE ς High Density Poly Ethylene pipe, which has very high 

strength for low thickness and weightage. Also, its average lifespan of 50 years is very suitable 

for the project since it aims for sustainability. The HDPE pipes are locally available in India and 

can also be imported from China for a marginal cost. Considering the cheaper and efficient 

manufacturing process of these pipes, they can be custom manufactured for the required site 

in a very fast way and can be shipped with relative ease. 

These pipes when compared with steel and concrete have many advantages over the latter. 

The HDPE pipes have very high compressive and tensile strength, capable of withstanding the 

compressive forces from soil loading and tensile forces from the pressurized water flow. The 

concrete pipe, though having good tensile and compressive strengths, are very heavy and 

require longer period for manufacturing and assembly, while still being not upto the strength 

level of HDPE pipes. The steel and iron pipes have higher strengths when compared to the 

HDPE pipes but lack in corrosive resistance. The formation of silts and corrosion on the 

bottom and the joins of pipe is undesirable quality in the steel pipes as it lowers the strength 

and breaks down the pipe into smaller fragments. 

Considering all the above- mentioned faults, the HDPE pipe is selected for the project as it is 

better in an overall perspective, with higher weightage towards the cost and strength. The 

pipe is available upto 2.2m diameter from the supplier quoted for this project (thesis 

purpose). Keeping the dredging of the pavements for subsurface drainage to the lowest, the 

maximum diameter for major urban area is taken as 1.6m and the average diameter is taken 
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as 0.8m for both suburban and rural areas in and around the city considered (Mumbai, case 

in point). 

The pipe is designed and calculated to have the above-mentioned dimensions by calculating 

the maximum rainfall, the flow (discharge) to avoid silting, the minimum velocity for free flow, 

tank storage condition and storage hours/days. These calculations are also to be co-verified 

with the pressure capacity of the pipe (tensile) during flow of water, to avoid bursting and 

pressure-loading at certain loading.  

The major considerations for the pipe designing are the rainfall intensity which is taken as 500 

mm per day, with F.O.S. for safety and area considered for the pipes. The area considered for 

the calculation is an example of the average street size in residential Mumbai, taking in 

account 2 houses on either side of the road, each measuring 28m in length protruding away 

from the road, with the road measuring 30m by itself. The length of the street will vary and is 

taken as a variable element in the calculation. The flow of the rainwater in the pipe is 

independent of the length of the pipe, since it is relevant only in calculations involving joints.  

For this calculation, minor losses in the pipes such as friction, joint loss, pressure difference is 

ignored, as the difference will be minor and will be significant only when a large area is 

calculated. Even during those calculations, the results will vary at any given time with varying 

rainfall, wind effect and resulting rainwater discharge quantity. Hence, the entire flow from 

one end to a major joint or to the end of the system of pipes is taken as a single linear flow. 

The grid effect of the pipes is seen prominently when there is any blockage along the joint of 

the system, resulting automatic diversion of the water along the parallel section pipes. 

 

Figure 29 Network of main collection pipes 



47 
 

 

3.2 Schematics  
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3.3 Flow conditions in the pipe  
 

3.3.1 Average Max Rainfall Condition 500mm: 
 

    The sheet below was made by the rainfall calculations annexed, giving the detailed results 

for the given area and rainfall considered. In this case, the average maximum rainfall 

considered for this project 500 mm is taken. It is seen that the flow of water through the 0.8m 

radius pipe is feasible and the water retention in the pipe for that given area in the case of 

multiple blockings can be done for 3.5 hours, before intervention is needed. This situation is 

considered as the ideal since the aimed response time by the repair men is aimed to be at 2 

hours. Also, this situation will happen in a rare case, as rainfall above 124mm per day occurs 

once a year and multiple blockages on the same grid is rare and not a common occurrence. 

The storage situation is considered as a triple safety measure, to be prepared for the worst-

case scenario. 

 

 

 

Table 5 Calculations for average maximum rainfall(500mm) 

 

Area Considered (sq.m) 4015 Length of area (m) 73

Rainfall for 24 hr(mm) 500 Total Retention Period 3.5 mins 210

Total Rainfall Quantity (cu.m) 2007.5 Quantity of water per period 292.7604

Continuous Rain Intensity (cu.m/sec)0.02323495

Radius  0.799125Max. Radius 0.8

Min. Velocity (m/sec) 0.42 Purchase Feasibility 

Quantity of rain water per hour 83.64583

Quantity of rain water per sec 0.023235

Minimum Radius for free flow 0.093857

Operational Feasibility Feasible

Total Area in Sq.m 4000000

Total Area Considered (sq.km) 4 Total Quantity of rain water (cu.m)2000000

Rainfall Considered for 24 hrs (mm) 500 Pond capacity nneeded (cu.m) 2000000

Pond Area (sq.m) 220000 Depth needed (m) 9.090909

Total Rainfall Quantity

Pond Calculation

Rainfall Module

Pipe  Retention Calculation

Pipe Dimension Calculation

Feasible
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3.3.2 Extreme condition with rainfall at 943mm: 
 

The table below was made by taking the maximum rainfall that had happened in Mumbai 

i.e.943mm as the input, while keeping the same dimensions of the pipe, over the same 

residential/commercial area. It is found that the retention period got reduced to almost 2 

hours, while the pipe flow is still feasible. It shows that the water collected from the intensive 

rains will still flow freely in the pipes, even under the multiple blocked condition, over the 

entire rainfall period but the retention of the rainwater is not possible over a longer period.  

Although the probability of a rainfall to occur with this intensity over a period of 24 hours is 

very low, the possibility of it damaging the city again is high, hence this situation is simulated. 

This extreme condition is considered only for the free flow and short retention periods and 

not for many hours. 

 

Table 6 Calculations for extreme rainfall condition(943m) 

 

3.3.3 Realistic average rainfall condition 30mm: 

 

The table below was made with considering realistic average rainfall i.e. the actual average 

rainfall that occurs in the city in the recent years. This calculation is made to show how a flood 

control module which is designed for the actual values may fail to meet its requirements in 

case of extreme weathers. Hence the main design parameters are taken from the condition 

No. 1, herein referred to as parameter A. 

Area Considered (sq.m) 4015 Length of area (m) 73

Rainfall for 24 hr(mm) 943 Total Retention Period 1.85mins 111

Total Rainfall Quantity (cu.m) 3786.145 Quantity of water per period 291.8487

Continuous Rain Intensity (cu.m/sec)0.04382112

Radius  0.79788Max. Radius 0.8

Min. Velocity (m/sec) 0.42 Purchase Feasibility 

Quantity of rain water per hour 157.756

Quantity of rain water per sec 0.043821

Minimum Radius for free flow 0.128895

Operational Feasibility Feasible

Total Area in Sq.m 4000000

Total Area Considered (sq.km) 4 Total Quantity of rain water (cu.m)2000000

Rainfall Considered for 24 hrs (mm) 500 Pond capacity nneeded (cu.m) 2000000

Pond Area (sq.m) 220000 Depth needed (m) 9.090909

Total Rainfall Quantity

Pond Calculation

Rainfall Module

Pipe  Retention Calculation

Pipe Dimension Calculation

Feasible
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It is also seen from this table that the retention period will be very high in case that the 

module is designed with the parameters A, with which the flow of water is also viable while 

still avoiding silting t take place in the pipes. This is ensured by maintaining the minimum 

velocity mentioned in the table, as provided by the IS Code. 

Although multiple conditions could be performed and simulated, these three conditions 

(943mm, 500mm, 30mm) were used for the simulation as they are the average value, upper 

and lower extremes and all the other rainfall from the data for each month are within this 

range. The above used calculation table was created for the sole purpose of simulation and 

can be reused multiple times, with different inputs and can obtain different results 

respectively. 

It is notable that the pond area needed can also be calculated with the following table and 

when provided with the available area dimensions (realistic available area of land in that 

locality), the depth needed for the tank to hold the total rainfall water fully collected for 24 

hours is obtained. This calculation although simple, is done with many assumptions and 

factors such as rainfall intensity over 24 hours, fluctuations, silt blockage, rainfall obtained 

over the tank itself and surface inflow from its perimeters if there is not enough abutments 

or raised bankings provided to regulate the flow. Also, due to the urban sprawl design of 

Mumbai, the standard design of the tanks is taken as an irregular rectangle or quadrilateral, 

mentioned in detailed in the next sections. 

 

Table 7 Calculation for realistic rainfall condition(30mm) 

Area Considered (sq.m) 4015 Length of area (m) 73

Rainfall for 24 hr(mm) 30 Total Retention Period 58 mins 3480

Total Rainfall Quantity (cu.m) 120.45 Quantity of water per period 291.0875

Continuous Rain Intensity (cu.m/sec)0.0013941

Radius  0.796839Max. Radius 0.8

Min. Velocity (m/sec) 0.42 Purchase Feasibility 

Quantity of rain water per hour 5.01875

Quantity of rain water per sec 0.001394

Minimum Radius for free flow 0.02299

Operational Feasibility Feasible

Total Area in Sq.m 4000000

Total Area Considered (sq.km) 4 Total Quantity of rain water (cu.m)2000000

Rainfall Considered for 24 hrs (mm) 500 Pond capacity nneeded (cu.m) 2000000

Pond Area (sq.m) 220000 Depth needed (m) 9.090909

Total Rainfall Quantity

Pond Calculation

Rainfall Module

Pipe  Retention Calculation

Pipe Dimension Calculation

Feasible
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Figure 30 Rainfall-Pipe capacity relationship 
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Free Flow through 
channel
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100 mm
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Free Flow thorugh 
Channel
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Free Flow through 
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mins
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3.4 The Collection Tank  
 

                  The collection tank is designed in such a way that the tank will be able to hold all 

the water collected from each of the main pipes which arise from each of the localities. Each 

tank is designed for that locality keeping in mind the slopes of that area, the volume of rainfall 

occurs in that region and also from the historical data the average rainfall. the tanks in 

Mumbai are designed in a standardized rectangular shape or quadrilateral since all the streets 

in Mumbai are of a regular shape and they are all in linear nature these quadrilateral or 

rectangular tanks will be much usable in order to reduce the space occupied and to avoid any 

wastage of triangulated spaces. The tanks in general have an average depth of 3 meters which 

will vary from the location to location depending on rain water quantity that is seen in our 

location and also considering other safety measures and hydrological and soil factors for that 

particular area each tank has its own inlet. Each inlet is located on various parts of the tank 

connect to main pipes which carry the water and discharge and depending on the design of 

the time the location of the inlets will vary.  

 

Figure 31 Collection tank of the module 
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3.5 Rainfall Calculation 
 

       The typical rainfall pattern was analysed and used to formulate the calculative module for 

our project. The module is designed to be helpful on calculating the rainwater quantity, flow 

rate, retention feasibility, pipe design etc. The calculations and formula used in the module 

are as given below. 

3.5.1 Pipeline Network Calculation 

  

Å Total Rainfall Quantity: 

 ḝ= xxA          (1) 

ḝ = Rainfall considered for period T (mm) x Area Considered (sq.km) x 0.001 x 0.001 

ḝ Ґ ΧΧΧΧΦ  /ǳΦƪƳ        (1.1) 

(or) 

ḝ = Rainfall considered for period T (mm) x Area Considered (sq.m) x 0.001 

ḝ Ґ ΧΧΧΧ ŎǳΦƳ         (1.2) 

Minimum Velocity of water flow in pipes to avoid silting (or) formation of silts = 0.42 

m/sec 

[ŜƴƎǘƘ ƻŦ tƛǇŜ Ґ ΧΧΧΧΦ ƳΣ ƛƴǇǳǘ ǘƘǊƻǳƎƘ ǘƘŜ ŀǊŜŀ ŎƻƴǎƛŘŜǊŜŘ 

Total Retention period ắ ҐΧΧΧΧΦΦ ƘƻǳǊǎΣ ƎƛǾŜƴ ŀǎ ƛƴǇǳǘ 

Quantity of water obtained through rainfall for that period qT = Total Rainfall Quantity 

for the area for the retention period desired. 

Qt=ḝκόнпκắύŎǳΦƳ         (2) 

 

Å Pipe Calculation: 

Drain Pipe Radius (m) = Root of Qt (cu.m)per Pi (3.14) per Length (m) per number of 

pipes (no unit) 

i.e Pr (m)= (Qt/( PL x 3.14 x Pn))-2        (3) 

Quantity of rain per second in  the considered area + Total Rainfall Quantity by 

24*60*60 

ḝ s = ḝ /(24 x 60 x 60)        (4) 

Minimum Pipe Radius for free flow = Root of Rainwater for 1 sec per length(m) per Pi 

(3.14) per number of pipes ( no units) 
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Pr min = (ḝ s/( PL x 3.14 x Pn)-2       (5) 

 

Å Purchase feasibility of Pipes: 

Since the maximum available pipe dimension is 1.6m diameter (or) 0.8m radius, the 

feasibility of purchasing the said dimensional pipes is calculated by performing an IF 

statement calculation, where the condition is set based on the current radius calculated 

for the pipes over the Reference condition (0.8m radius). The statement is as follows 

=IF(PrғлΦуΣ άCŜŀǎƛōƭŜέΣ άbƻǘ CŜŀǎƛōƭŜέύ      (6) 

Here the Pr<0.8 states the condition and feasible ad not feasible are the two possible 

outcomes based on the condition. If the feasible path is obtained as the result, then the 

calculations will proceed further. 

Å Operational Feasibility : 

The operational feasibility is calculated similar to the purchase feasibility performing the 

IF statement. Here the operational feasibility is calculated by comparing the flow rate 

(m/sec) of the water through the pipe  and the radius required for it with the max flow 

through the radius obtained from the calculations and the Pr. . The statement is as follows 

=IF(Pr min < Pr Σ άCŜŀǎƛōƭŜέΣ άbƻǘ CŜŀǎƛōƭŜέύΦ     (7) 

By comparing the 2 radii in the 2 conditions it is possible t determine whether the pipe 

radius is adequate even when the rainfall intensity is at the maximum range, over 24 hours 

period. Since the flow capacity is larger than the rainfall intensity, the duration of the rain 

is insignificant as the water will keep flowing as the rain pours, with place for blockages 

and flow interferences. 

 

Å Depuration Tank Calculation 

Total Area of Rainfall Catchment (sq.km) = Given as input 

Total Rainfall Quantity ḝ (mm) = Given as Input 

Tank/pond area (sq.m) = Given as input, as available in the area selected as catchment 

Total Rainfall Quantity for catchment area TRCCatchment= Rainfall intensity (mm) x Total 

Area of catchment (sq.m)        (8) 

Depth of Tank Needed = Total Rainfall in catchment area divided by the pond area 

D = TRCCatchment / Pond Area       (9) 
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The average rainfall experienced by Mumbai is given as 839mm per month, which is taken for 

the month of July, the wettest period per year. This in turn refers to 27mm of daily rainfall. 

For the sake of calculation, we assume the maximum rainfall for 24 hours as 500mm. At this 

rate, the pipe of 0.8m radius will be able to hold the water by itself without the need for a 

tank over 410 minutes. This scenario of the storm water being held in the pipe itself is 

considered because there is always a possibility of failure or blockage of the junctions. Since 

the pipes are all interconnected, a blockage in one joint will lead to the water flow through 

another route. In the worse case scenario where all the pipes  are blocked and are unable to 

send the storm water, they themselves will be able to hold them for the determined period 

over the maximum rainfall, till the repairs are made. 

Since the maximum rainfall of 944 mm occurred very rarely, it is not considered as the 

baseline flood amount for our calculation of retention period. The tanks and the pipeline 

networks both have been designed with the highest rainfall of 944 mm in consideration but 

the retention period is made with 500mm of rainfall since that is not the main scope of the 

project and focusing on the retention for 944mm rainfall will lead to a huge increase in the 

pipe diameter, thereby making the project more expensive and at certain places, impractical 

and unfeasible.  

         

Figure 32 Flow of flood water inside main collection pipe 
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4. PHYTODEPURATION 

 

 

 

 
Figure 33 Process of Phytodepuration 

 
    Phytodepuration is a natural treatment technique that reproduces natural purification 
processes in a controlled environment. Phytodepuration systems have been developed 
ǎƛƴŎŜ ǘƘŜ улΩǎ ŀōƻǾŜ ŀƭƭ ƛƴ ǘƘŜ ¦{ ŀƴŘ ƛƴ /ŜƴǘǊŀƭ 9ǳǊƻǇŜΦ  
    Phytodepuration is an Eco compatible depuration process well inserted within the 
environmental reclaim context, directed to save energy, cut the costs, and to allow the 
reduction in water waste. It is a natural system for the depuration of sewage water 
projected to reproduce the natural depuration processes in a controlled setting. 

Objectives ς  

¶ To define the phytodepuration process and its associated systems, the types of 

biological plants and the nature and types of phytoremediation systems. 

¶ To explain the whole phytodepuration process both in terms of biological and 

methodological approach. 
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    They are artificial little deep basins, often filled with inert material and fed with aquatic 
plants (macrophytes). These plants reproduce the natural purification processes typical of 
humid areas. The macrophytes can be floating, flooded or emerging. The systems can have 
superficial or sub-superficial streams and the sub-superficial stream can be horizontally or 
vertically oriented. Superficial streams support all the types of macrophytes, sub superficial 
one only the emerging macrophytes. 

 
Figure 34 Flow of the process 

  

 

Figure 35 Typical phytodepuration tank 

 

4.1 System Classifications: 
 

4.1.1. Depending on Water flow: 
 

-Superficial flow 

-Sub-superficial flow 
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Á Superficial stream (Free Water Surface, FWS) 

The superficial stream systems are basins with an elongated shape having variable depth 
depending on the macrophytes used and on the level of treatment realized. Wastewater is 
pre-treated by grid filtration and primary sedimentation to remove the largest particles and 
reduce the concentration of suspended solid particles. The FWS systems are fed continuously 
and the wastewater entering the basin is in direct contact with the atmosphere. The upper 
layer of the stream is in an aerobic condition, while the deeper layers are in anaerobic 
conditions. 
Aerobic and anaerobic microorganisms destroy organic material, suspended in the stream or 
settled on its bottom. The nitrogen is removed by ammonification, nitrification, 
denitrification, ammonia volatilization and vegetal adsorption. The phosphor is removed only 
in the contact area between water and soil, by adsorption and precipitation with aluminium, 
iron, calcium and loamy minerals present in the soil and by direct vegetal adsorption. 
Chemical-physical and biological processes remove metals from the water. The reduction in 
the concentration of pathogenic microorganisms is carried out through the combined action 
of physical, chemical and biological factors (UV radiation, sedimentation, predation). 

 

Figure 36 Typical Superficial stream tank 

 

Å Superficial stream with floating macrophytes 

These are basins of depth ranging from 0.1 to 0.6 m with an impermeable loamy soil bottom. 
The plants growing in these systems shadow the water under them, avoiding algae growth. 
The stream is then in an anaerobic condition, apart from the superficial area. The main limit 
of these systems is the high frequency of plant removal. This implies high labour costs and 
biomass disposal problems.  

 
Å Superficial stream with flooding macrophytes 

 
These are basins of a depth ranging from 0.1 to 1 m, depending on the wastewater features 
and on the vegetation adopted. The bottom of the basin is covered with various types of 
ƳŀǘŜǊƛŀƭ ǘƻ ŀƭƭƻǿ ǇƭŀƴǘΩǎ ƎǊƻǿǘƘΦ Lƴ ǘƘŜǎŜ ǎȅǎǘems the basin surface is almost completely in 
contact with ambient air, thus allowing the bacterial death caused by solar radiation in the 
upper stream layers. The purification efficiency is higher than in the systems with floating 
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macrophytes, because of this double action of solar radiation on the surface and of the 
flooding plants on the bottom of the basin. Besides the biomass require less frequent removal 
and disposal. 
 

 
Å Subsurface Flow systems (SSF) 

These are the most applied phytodepuration methods in Europe. Inert filling material is put 
in the basin to support the growth of macrophytes roots. Its depth is generally between 0.2 
and 0.8 m depending on type of macrophytes. These systems are applied more often than the 
FWS ones because they have a higher efficiency, so they require a smaller surface to provide 
good results. The purification efficiency is nearly the same during the whole year, because 
high thermal excursion is avoided by the presence of the medium. On the other side the 
positive effect of the solar radiation is not present and the oxygen exchange with the ambient 
air is blocked. To avoid the substrate occlusion a pre-treatment of the wastewater is needed. 
The frequency of vegetable mass substitution is low, thus avoiding a high biomass disposal. 

 

 

Á Sub superficial horizontal flow systems (H-SSF) 

In these systems wastewater is uniformly distributed on the whole length of the basin trough 
a pipe disposed on the ground at the entrance of the basin. Wastewater is fed in the system 
in a continuous flow and goes through the whole basin going out at its end. The filter medium 
is made of inert material of constant size. Filtration and biological degradation processes, 
carried out both by anaerobic and aerobic microorganisms, remove organic matter. Nitrogen 
is removed by nitrification, denitrification, ammonia volatilization and root adsorption. 
Metals and phosphorus are adsorbed on the inert material surface.

 

Figure 37 A typical sub superficial horizontal flow tank 

  

Á Sub superficial vertical flow systems (V-SSF) 

These are similar to the H-SSF, but the wastewater is fed from the top through a web of pipes, 

which distributes it on the whole basin surface. Wastewater goes down the basin in a 

horizontal flow and is collected at its bottom. Basin filling is not continuous. Filling-emptying 
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phases of the basin allow a higher oxygen concentration than in the H-SSF systems, increasing 

the efficiency of nitrification and organic material degradation. To have a continuous 

purification process a second filter bed is needed or a collecting and regulating

 

Figure 38 A typical sub superficial flow tank 

  

 

I - Subsurface Flow systems (SSF) 

II - Leaching with floating macrophytes 

III - Superficial stream with emerging 
macrophytes 

IV - Floating macrophytes 

V - Flooded macrophytes 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 Classification of tanks depending upon the flow 
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PURIFICATION YIELDS 

The first experiences with FWS systems had been made in the US and North America. They 
show average efficiency of 71% for BOD5 removal, 77 % for COD removal, 54% for nitrogen 
and ammonia, 51% for phosphorous and 64% for suspended solids. 

H-SSF systems show high efficiency for the removal of most of the pollutants and they are 
applied in Europe frequently. The average efficiency is about 82% for BOD5, 72% for COD, 43% 
for nitrogen, 38% for ammoniac nitrogen, and 35% for phosphorous. These values are low for 
the nitrogen due to the presence of anaerobic conditions, which are not favourable for the 
nitrification process. On inert material few Fe, Al and Ca ions are present, hindering 
phosphorous removal. H-SSF proved to be very efficient for suspended solids removal, 
ǊŜŀŎƘƛƴƎ ǘƘŜ ул҈Σ ŀƴŘ ŦƻǊ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΩ ǊŜƳƻǾŀƭΣ ǊŜŀŎƘƛƴƎ ǾŀƭǳŜǎ ƘƛƎƘŜǊ ǘƘan 90%. 

V-SSF systems are quite new and not very spread yet. They however show very high organic 
matter degradation: 92% for BOD5, 87% for COD. The very efficient aeration of the filter 
medium and the alternation of aerobic and anaerobic conditions allow ammoniac nitrogen 
removal of 77%, nitrogen removal of 47% and phosphorous removal of 70%. Suspended solids 
average removal is about 90%, bacteria removal is higher than 99%. 

 

 

BUILDING AND MANAGING FEATURES 

The construction of a Phytodepuration system is quite simple. In H-SSF systems the filtration 
bed slope should be rather low: at the exit the wastewater stream and the filter bed should 
not be too distant, allowing the plants root to reach the wastewater. The basin bottom has to 
be impermeabilized. The ideal particle size for the medium is between 8 and 16 mm and it 
should be preliminarily washed in order to avoid the blocking of the bed pores due to fine 
particles. The basin banks have a little slope to facilitate maintenance operations and plants 
growth and to reduce erosion. They can be protected with geo-webs. 
Regarding wastewater distribution, in FWS systems wastewater is provided to the basin 
trough tubes or open channels. In H-SSF systems, wastewater is provided through holed pipes 
disposed transversely to the water flow. Particles placed near the inlet and the outlet tubes 
are bigger than the others. This facilitates the infiltration and the drainage.  
The maintenance operations include cleaning, floating vegetation removal, macrophyte 
trimming, hydro level checking, and banks damages reparation.  

 

4.1.2. Depending on aquatic plant species: 

 

-Floating species 

-Semi submerged species 

-Submerged species 
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Á Floating Species: 

Floating-leaved macrophytes have root system attached to the substrates or bottom of the 
lake and stream and with leaves that float on the water surface. These Plants grow under 
eutrophication conditions. 

Some of the common floating species are, 

                                                                                      

  

Figure 40 Lemna 

 

 

Figure 41 Azola 
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Figure 42 Victoria Regia 

 

Figure 43 Nymphaena 

 

Figure 44 Wolfia spirodella 
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Figure 45 Potamogeton 

 

 

Á Emerging Species: 

An emergent plant is one which grows in water but which pierces the surface so that it is 
partially in air. Collectively, such plants are emergent vegetation. 

This habit may have developed because the leaves can photosynthesize more efficiently 
above the shade of cloudy water and competition from submerged plants but often, the main 
aerial feature is the flower and the related reproductive process. The emergent habit permits 
pollination by wind or by flying insects. 

There are many species of emergent plants, among them, the reed (Phragmites), Cyperus 
papyrus, Typha species, flowering rush and wild rice species. These may be found growing in 
fens but usually less well owing to competition from other plants. Some species, such 
as purple loosestrife, may grow in water as emergent plants but they are capable of 
flourishing in fens or simply in damp ground 

 

 

Figure 46 Phragmites 

https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Insect
https://en.wikipedia.org/wiki/Phragmites
https://en.wikipedia.org/wiki/Cyperus_papyrus
https://en.wikipedia.org/wiki/Cyperus_papyrus
https://en.wikipedia.org/wiki/Typha
https://en.wikipedia.org/wiki/Flowering_rush
https://en.wikipedia.org/wiki/Wild_rice
https://en.wikipedia.org/wiki/Purple_loosestrife
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Figure 47 Jungus 

 

Figure 48 Scirpus 

 

Figure 49 Thypa 
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Figure 50 Zizania 

Á Submerged 

Plants whose stems and leaves grow submerged in water, and their roots are anchored in 
soil beneath water. 

This type of plants are commonly used in fishbowls. They are not used in water treatment 
processes unlike other macrophytes 

 

Figure 51 Hydrilla 

 

Figure 52 Ceratophyllum 
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Figure 53 Utricularia 

 

Figure 54 Chara 

 

 

4.2. Macrophytes Floating Filter: 

This system can treat waste water using plant emerging species, turned into floating species 
for purifying water passing through channels or stored in reservoirs. 

This system is a novelty which combines advantages floating systems and emerging 
macrophytes, eliminating or reducing meaningfully inconvenient from both. 

System can work for: 

- Applying a tertiary treatment to eliminate eutrophic minerals from secondary effluent 
from conventional waste water treatments 

- Applying a secondary treatment to decompose dissolved organic matter through 
microorganisms adhered to the root system which have ratio area/volume increasing 
contact surface. 

System is useful for treating eutrophic effluents from agriculture or industry which have high 
content in nitrogen, phosphorous and potassium, as well as springs contaminated with those 
elements 
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Some emerging species have the ability of removing some toxic elements i.e. phenolic 
compounds, and absorbing high amounts of heavy metals, therefore these systems would be 
valid to treat waste with those elements, choosing carefully plant species. 

 

Figure 55 Typical floating filter 

 

4.3 FMF System Description 

The core of the system is formed with a floating plant layer, formed over water surface of a 
channel or a reservoir. The basic elements are the plants, that are adapted to local 
climatology conditions. Those plants will have their root systems within water and a small 
part of their stem basis. 

 

4.4 Depuration Processes 
 

Solids are separated in wetlands (WET), helophytes filter (FHS) and macrophytes filter (FMF) 
by the following mechanisms: 

- Sedimentation 
- Decantation 
- Filtration 
- Degradation through the combination of substrate, roots and the rhizomes. 
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Organic matter removal: 

Organic matter removal is carried out by microorganisms fixed in the plant root systems and 
by means of sedimentation. In addition to the former processes, there is also the pond 
effect due to the water over the root mesh. 

Nitrogen removal: 

Nitrogen is removed by means of different processes: 

- Direct absorption by plants  
- Nitrification-denitrification processes carried out by bacteria 
- Ammonification 

Phosphorus removal: 

Phosphorous removed by: 

- Plant absorption 
- Clay absorption 
- Precipitation of insoluble phosphates, mainly the ones with Al and Fe, in acid soils 

and carbonate basic soils with calcium.  

Pathogenic microorganism removal 

Its is carried out by means of: 

- Filtration and clay absorption  
- Microorganism predation 
- Toxicity of antibiotics produces by root systems 
- UV radiation 

Trace metals removal 

Metals have a high affinity for being absorbed and forming complexes with organic matter. 
They can be stored in wetlands. There is also transformation by microorganisms and plant 
assimilation. 
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5. HYDROPONICS 

  

 

           The project, to define its adaptability, is modified to a smaller scale, which can be easily 

managed and operated by a small group of short-term trained personnel, while giving higher 

economic and social output when compared to the main project. This concept of small scale 

water purification and management is called hydroponics. Hydroponics is a subset of 

hydroculture, which is a method of growing plants without soil by using mineral nutrient 

solutions in a water solvent. In our case, the rain water is taken for the plants on a controlled 

environment, while the nutrients will be provided in a natural way. This concept is aimed at 

very remote regions where direct phytodepuration is not possible. A smaller scaled version 

of the direct phytodepuration is modified into the hydroponics system, suitable for the 

remote regions. 

The phytodepuration system in our project aims to send the purified water into the ground 

to actively control the flood and to regenerate the ground water level. This process of flood 

control with the HDPE pipes may work in the remote regions but the ground water 

regeneration step till not work since the targeted area is of very high elevation and the soil is 

very porous and rocky. Hence in order to reuse the water obtained in the pipes, the process 

of hydroponics will be implemented which will not only create an impact in the environmental 

side, but with proper planning and execution, it will also create an impact in the social 

sustainability too.  

The water thus obtained from the pipes will be collected in semi-permanent tanks which will 

provide the water later for hydroponics. It is notable that this type of water reusage may be 

primitive but using it for large scale hydroponics will be an innovative step towards modern 

day water reusage and modern agriculture. The aim of flood control will be achieved in these 

regions, along with improving the ǊŜƎƛƻƴΩǎ ǎƻŎƛŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ economic structure, 

moving the region towards self-sustaining status, which is highly sought after in the present 

and the future.  

 

 

 

Objectives ς  

¶ To determine the nature and the scope of hydroponics, in respect to our business 

model for implementation in urban and rural scale. 

¶ To analyse the different approaches in the technical implementation of 

hydroponics. 

¶ To impart hydroponics into phytodepuration model and to describe the process 

associated with it. 
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5.1 Introduction of Hydroponics 
 

        The proper definition of hydroponics is the subset of hydroculture, growing plants 

without soil. The main target of hydroponics in general is to facilitate agriculture or 

hydroculture in regions where there is soil which is unfit for growing any plants in it. Usually 

hydroponics will be carried out in rocky or desert regions which have very less favourable soil 

for agriculture. 

A typical hydroculture farm will usually be indoors, with artificial humidity controllers installed 

to control the environment to a certain extent. Large bins or barrels of water tanks, filled with 

nutrient rich water, suitable for the specific plant grown there is maintained at ideal 

temperature. Water turner systems or water cycling/ feeding systems are placed in a fully 

automated or manually supervised systems, which feed fresh water to the plants. 

Additionally, to these systems, some monitoring apparatus such as temperature monitor, PH 

monitors etc. are also installed, depending on the automation level and the complexity of the 

entire system. This system in its whole, comprises the hydroponics system, with few 

variations depending on the type of hydroponics followed, the type of the environment and 

the type of the plants grown, to name a few. 

Operational process of a typical Hydroponics system: 

A normal hydroponics system has few predominant steps which are the main stages in a 

modified version of hydroponics all around the world, with very few exceptions. These stages 

are as given below: 

¶ Inspection of the site 

¶ Plant suitability and viability study 

¶ Design and construction of the system 

¶ Operational stages: 

o Plant fixation 

o Nutrient water supply 

o pH monitoring 

o TDS monitoring 

o Temperature, humidity monitoring 

o Daily cleaning phase 

¶ Maintenance and management phase 

¶ Reaping phase 

¶ Renewal / regeneration process. 

 

1. Inspection of the site: 

In this stage, the site or the environment is analyzed to determine the type of plants that can 

be grown, the type of hydroponics system that is suitable for the site and its society. Social 

sustainability of the region will be enhanced in different rates depending on the type of the 
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hydroponic system implemented in the region, as each system will have its own level of 

automation and personnel involvement. Hence this phase of analysis is highly important. 

2. Plant suitability and viability study: 

The plants suitable for that region depending on the climatic factors, environmental factors 

etc are determined and studied. Sometimes, it is important to determine the type of plant 

that will be economically profitable for that region in the long run, potentially making the 

project self sustainable, bringing a positive growth in the economical sustainability for that 

ǊŜƎƛƻƴΦ ¢ƘŜ ǇƭŀƴǘǎΩ ǾŀǊƛƻǳǎ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘƘŜ ƎǊƻǿǘƘ ǇŜǊƛƻŘΣ ǎƛȊŜΣ ǿŀǘŜǊ ƛƴǘŀƪŜΣ ǎǳƴƭƛƎƘǘ 

dependency, impact are studied in this phase.  

The plants that can be grown in the hydroponics system easily are given below in the table, 

which also acts as the selection of plants for a typical hydroponics system in North India. 

S.no. Plant - Vegetable pH requirements Hydroponics Score 
Index 

1 Lettuce - Lactuca sativa 6.0-7.0 9.5 

2 Tomatoes - Solanum lycopersicum 5.5-6.5 7.5 

3 Radishes ς raphanus raphanistrum 6.0-7.0 9 

4 Kale - Brassica oleracea 5.5-6.5 9 

5 Cucumbers - Cucumis sativus  5.5-6.0 7.5 

6 Spinaches - Spinacia oleracea 6.0-7.0 8.5 

7 Beans - Phaseolus vulgaris  6.0 8.5 

8 Chives - Allium schoenoprasum 6.0 7 

9 Basil - Ocimum basilicum 5.5-6.5 9.5 

10 Mints - Mentha 5.5-6.0 8 

11 Strawberry - Fragaria ananassa 6.0 7.5 

12 Blueberries - Cyanococcus 4.5-6.0 7 

13 Pepper - Piper nigrum 5.5-6.0 7.5 
Table 8 Biological Characteristics ς Phytodepuration/Hydroponics suited plants 

In the above table, hydroponics score index is given to each plant by analyzing its ease in 

installation and maintenance, its reaping period, water and sunlight requirements, ease in 

monitoring, period for reaping, overall harvesting period, fertility requirements and 

relaxation period required for the soil and the water. In the above table, some plants such as 

lettuce, basil have scored high due to their ease in use and the pH flexibility, which means 

that they can be grown in any condition in India, irrespective of temperature and moisture 

nature of the area. This is suitable since one modular design of hydroponics system can be 

implemented in many places, requiring little to no adjustments to the model. 

 

3. Design and construction of the system: 

A typical hydroponics station will have a water inlet or supply, which will provide the 

necessary water to the entire system for its many parts. Next to this phase, a water storage 

system is placed, which will store the water for the system from the inlet. Here, different 
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types of storage tanks are used based on their material or shape, which do not alter the 

purpose of the tank in itself much. Also, many tanks are used here to sort out the water, for 

example, some tanks may contain water that is of acceptable quality while some may hold 

water that needs purification. Mostly water which is treated and added with nutrients are 

kept separate and ready for irrigation. 

After this, smaller tanks are used for the main stage of hydroponics where the seeds or 

saplings will be immersed into the water for growth with many supporting structures and 

monitoring devices. For our project, inorder to be environmentally friendly and sustainable, 

reused plastic drums are used for this purpose, which have higher lifespan and easier to install 

and maintain. 

 

4. Operation stages: 

 

- Plant fixation or planting stage 

In this stage, the plants are fixed or planted into the holders, depending on their type and 

the hydroponics system type chosen for the project. Usually, seed balls are used for many 

plants, which are very cheap and easily available. They are also of very low maintenance 

hence highly preferred. Some plants require even lower installation process, like seedlings 

which require only seed dissipation into the tanks.  

Proper lighting and moisture control may be provided, depending on the requirement of 

the plants.  This will increase the cost of the project and also its complexity. 

- Water Supply 

Water that is supplied to the harvest drums is mixed with nutrient solution, which is 

available in many nurseries in and around the region chosen. HDPE pipes are used here to 

supply the water from the collection point to the nutrient rich harvest drums. In this stage, 

the material of the pipe which is used for the supply is also chosen carefully in order to 

reduce the negative impact on the environment due to the usage of plastics in the system. 

- Monitoring phase 

In this phase of the system, many sensors are placed along the system process to monitor 

the performance and to ensure that the required environment is maintained inorder to 

obtain the necessary  ideal environment in the project. These sensors measure many KPIs 

in the project to determine and make necessary corrections in the tank. The main KPIs are 

as given below. 
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S.No. KPI Unit Purpose Device Needed 

1 pH ς Acidic/Basic Nature - To determine the acidic 
or basic nature of the 
solvent in the solution 

pH meter ( 
immersed or 
reactive) 

2 Temperature oC To determine the 
temperature of the 
solution 

Thermometer 
(industrial 
precision) 

3 TDS -Total Dissolved Salt Ppm To determine the total 
dissolved particles in the 
solution, classified by the 
different particles 

Submersive 
TDSmeter 

4 Absolute & Relative 
Humidity 

g/m3 To determine the water 
vapor present in the air 

Hygrometer 

5 Ambient Solar Light Lux To determine the solar 
light available for 
photosynthesis 

Lux Meter 

Table 9 Sensor KPIs. 

 

5. Maintenance and managing phase: 

The maintenance phase is predetermined depending on the type of system and the type of 

the plant being harvested. The maintenance of these systems are very general and require 

little to no training on the human side, but may require trained professional for the sensors 

and will likely decrease the cost if the local people are trained in this skill.  

The management of these systems are done mainly by software which when connected to 

the sensors will determine the performance levels, input-output ratio, cost summary graphs 

etc. The free and open source tools HydroBuddy and HydroCal have been created by 

professional chemists to help any hydroponics grower prepare their own nutrient solutions. 

The first program is available for Windows, Mac and Linux while the second one can be used 

through a simple JavaScript interface. Both programs allow for basic nutrient solution 

preparation although HydroBuddy provides added functionality to use and save custom 

substances, save formulations and predict electrical conductivity values.  

There is also a small robotic helper available called Eddy, created by the Flux Farm.It can send 

various information such as pH level, temperature, relative humidity, and contamination 

directly to its designed smartphone app and can even propose some simple solutions to any 

detected problems. This may be impractical in our situation due to the cost constraint but will 

be a viable future improvement which can be made with the revenue from the operations. 

6. Reaping phase: 

In this phase, the harvest is made depending on the growth period of the plant and the 

harvest indicators. Each harvest is noted in the provided software, wich with the formulated 

calculations will determine the forecast profit for the batch. This when compared with the 
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actual profit will give us the performance index through the software, helping us to find the 

errors in the system. 

 

7. Renewal and regeneration phase: 

In this phase, the exhausted water solution and other necessary substances are refilled or 

replaced, making the system ready for another batch of harvest cycle. In between this, if the 

plant requires, a relaxation period is left, which is used by the system to adjust or use it as a 

period of maintenance and inspection. 

 

5.2 Technical Implementation of Hydroponics in our project 
 

           The rural project of hydroponics influenced phytodepuration is targeted at the location 

of Ladakh, located at the northern part of India, near the Himalayas. The project aims to 

address the socio-economic and environmental concerns of that region with our project. The 

project will be modified to suit the location since it is made up of rocky soil  and slopes, which 

during the rainy season, makes the water flow from the hills and stagnate over the smaller 

plains and villages. The water from the rain is aimed to be controlled with the adaptive 

drainage system and focused into the hydroponics tanks, since the ground water flow reversal 

technique is not possible in this type of region. 

Instead, the water will be collected from the small streets through a channel of pipes which 

will branch into the main pipe. Similar to the main phytodepuration project, the pipes will be 

made in a interconnected matric design, which in the case of blockage, will divert itself to a 

nearby node and carry the flow without obstructions. These main pipes will carry the water 

to the hydroponics basins, which will preprocess the water for preliminary treatments and 

batch them water based on turbidity, tds and other criteria. 

The water is then treated naturally and sent for hydroponic usage. The harvesting tanks are 

selected based on their type and functionality. The water is then supplied to these tanks and 

the optimum environment is monitored. Continuous feed of water and nutrients are made 

and managed by the automated or semi-autonomous system installed. Finally, the harvest is 

made, and the profit made through this system, in the terms of economy and environmental 

progress are measured.  

Comparing these indices with the previous indices obtained before the implementation of the 

project will give the relative progress made by the project, which will further act as a boosting 

and selling point of the project in the future. 

This smaller version of the phytodepuration model will act as a pilot project, showing the 

effectiveness of the principle. This is highly important in the entire project since the concept 

of a matrix drain system, designed to facilitate the water flow and also to hold it as reservoir 

during flood surge is a new concept in this region. It is also due to the fact that 

phytodepuration is a relatively new and innovative concept, which could face many criticism 
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and doubts in its operation, especially in the mechanical driven cities. Hence it is highly 

required and recommended to make use of this smaller scale pilot project to not only prove 

the efficiency of the main project but also to attract potential public investors to undertake 

the funding of the project. 

The success of this project is aimed through the integration of the technical aspect of the 

project with the social involvement of the local communities. By transforming all the technical 

aspects of hydroponics mentioned in this chapter and the previous sections into a social 

oriented project through many tools and drivers will facilitate in this aim of social-

environmental project. This tool driven integration of the project is mentioned in detail 

further down this project, in the next chapter. 

The detailed technical process of the adaptation of the phytodepuration influenced 

hydroponics in the northern India though the involvement of the society of that particular 

region is explained in detail further down this chapter. 

 

5.3 Phytodepuration influenced hydroponics ς technical Process: 
 

Á Location properties: 

The region of Ladakh in the northern portion is considered for this project since it poses an 

entirely different schematic properties when compared to the urban cities for which the 

phytodepuration and flow reversal project is mainly designed to operate in. This change in 

the nature of the environment will not only help in designing a more versatile module that 

has high adaptability but also help in portraying the scalability of the project.   

Á HDPE drain collection matrix: 

A matrix of pipes similar to the main project is used in the collection of the rain water that is 

either run off near the slopes or collected and stagnated in the plains. Similar to the main 

project, the pipes are calculated based on the rain water, flood accumulation and other 

factors in the region. Since the region take is a sloping terrain, holding the water in the pipes, 

making them act as temporary storage units similar to the main project is not feasible in this 

one. This is due to the undulations in the terrain, which will not be ideal since the drain head 

of one pipe may be well below the drain base of its adjoining pipe in the opposite end due to 

the sloping terrain. 

 

Figure 56 Difference in water level/head over contoured grounds. 
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The pipes, similar to the main pipe, will have an interconnected matrix system of flow 

movement, which will help in the free flow of water in case there is any blockage in one or 

more joints in the network. The pipes will also have more frequent manhole coverings and 

openings to ensure proper maintenance since this is highly important in this terrain. The pipes 

will themselves be easier to install considering the workforce that is used in the construction 

and installation phase, which will be explained further down. 

 

Á Preliminary storage unit: 

The water collected through this network will be collected in a main tank, which has higher 

capacity than that of the harvesting tank. The main purpose of this tank is to check the inlet 

water for any contaminants and to perform preliminary purification steps. This storage unit 

will also be used for batching of water and store them temporarily. 

The water collected in this tank will have high mineral contents and rock particles since they 

run off from the hills in the region. The terrain nature of the region highly influences the 

contaminants and minerals present in the collected water. The water thus purified and 

batched in this step will be sent to the harvesting tanks. 

 

Á Harvesting Tank and hydroponics process: 

The purified water is batched into the tanks, which are fitted with the necessary sensors, 

which constantly monitor the process. The tanks are then filled with the plant saplings, which 

vary on the type of initial incubation depending on its biological nature.  

Since the scope of the project is oriented towards the total sustainability concept, with the 

environmental sustainability being the key factor focused in this project, each material used 

in this project is selected to belong lasting and environmentally friendly. Hence materials such 

as HDPE plastic tanks and bio-friendly cement concrete is used to build the tanks for 

harvesting. 

It is notable that certain concrete materials are bio-friendly and also facilitate the growth of 

planktons and other microbial organisms along its surface. This type of growth can be directed 

into the phytodepurative concept of purification of the water through plants, whereas these 

planktons and microbial organisms also act as the purification agents, able to work in the 

concrete tanks. 

The crops grown in these concrete tanks will have the advantage of being in an environment 

that is surrounded by microbes, similar to their native habitat, thus enabling faster and much 

more efficient growth of the crops. Certain organizations such as Hydro-farm in the United 

States of America have started using fishes to regenerate valuable bio particles in the tank. 

The concept here being that the fishes would eat of the planktons and microbes, leaving off 

wastes that act as fertilizers, helping the crops grow. In exchange for this, the plants 
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regenerate the dissolved oxygen in the tank, absorbing the CO2, thus keeping the water fresh 

and aerated for the fishes to survive. 

This concept of using the fishes might be impractical in our case in the mountains but the fact 

that the growth of the microbes enabling and accelerating the growth of the crops will act as 

a selling point, both in the agricultural and business point of view. This growth can also be 

used as natural indicators used in many ayurvedic farms in south India. The concept of natural 

indicators is that the planktons will be much more sensitive to the surrounding environment 

and any change in their growth will effectively indicate a positive or negative change in the 

water tank. 

The interior of the tank is designed with surface ribs, which increase the roughness of the 

walls and also increase the surface area, enabling higher growth of the plants. The water is 

thus enriched naturally for the growth of the crops. 

The plants and crops are thus grown naturally in this way using the concept of hydroponics 

and phytodepuration, in the hilly region of northern India.  
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6. PROJECT COST ANALYSIS 

 

6.1 Damage & Economic Loss evaluation of Flooding. 

 

The selected area for the concept project of phytodepuration is made up of residential, 

business and educational buildings, each with high level of economical damage in the case of 

floods. The area was surveyed for economical damage as a whole and the result was averaged 

for the entire area, irrespective of the type and nature of the building. 

 

Figure 57 Unit Flood Loss in the chosen area. 

This is due to the scattered placement of the buildings, which makes the grouping and 

sectioning of the damages based on the location and the nature of the building impractical 

for this area considered. The average value of damage per 1000 sq.ft is found to be $9900 

during light flooding and $15,000 during heavy flooding. This value reflects the damage per 

season which is usually for 2 ς 4 weeks per year. 

The average size of a residential building in the selected area is from 900 ς 2000 sq. ft. and 

the business type buildings are usually of 3000 ς 4000 sq. ft and are of upto 4 stories high in 
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Objectives ς  

¶ To analyse and develop the total damages and unit damage experienced due to 

floods in the city of Mumbai. 

¶ To create a cost breakdown of the model, with costs and procurement details of 

the parts. 

¶ To create the total cost report with explanation for business model. 
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the region. The area also suffers from the water running off from the small hills in the 

surroundings and the run off water from the airport region. This increases the flood  water 

significantly when compared with just the water from the rainfall catchment in the area. 

This increase in the rainwater increases the total water inflow into buildings during the 

flooding and increases the overall damages in the area. The flood damage rate was averaged 

for the entire region through weighted multiplication method, with higher priority to 

damages to the business type buildings followed by the residential houses. 

The above graph is plotted with the increase in the economic loss with the increase in the 

rainfall intensity. The peak sees undulated increase due to the increase in the water level 

affecting different levels or heights of the building, thereby affecting different types of 

appliances and systems in the house. The increase in water upto 30 ς 45 cm will have slight 

damages since it does not affect much inside the house or building. But at the heights of 45 ς 

90 cm, the damage increases substantially due to the presence of power outlets and other 

electrical devices. Similar trend of slow increase in damage and rapid increase is seen along 

the increase of the rainfall and the flooding height.  

In the business type buildings, gradual increase in the economical damages along with the 

increase in the rainfall intensity is seen, without any undulations or sudden increase in the 

slopes due to the fact that the goods stored in the region get affected in increasing height due 

to the stacking of goods. This makes the calculation of the economical damages easier in the 

case of this types of buildings. 

 

    The cost for any socio-economical project of this kind can never be compared directly with 

its revenue to determine the cost benefit ratio mainly due to the nature of the project itself. 

In a project like this, the revenue and profits do not come in terms of monetary inflow similar 

to any commercial project like theatres, museums etc. Here, the profit is determined by 

comparing the costs with the overall damages prevented in terms of economic and livelihood 

during a disaster.  

    For example, in the city of Chennai in southern India, during the hyper-floods of 2015, the 

city experienced huge economic damages upward of 1 billion USD, with structural damages 

to multiple bridges and buildings, breakage of a dam, major road wash-away etc. along with 

other damages to residential structures. These damage costs were calculated by general 

estimation and corporate insurance claims which in itself was above multiple millions. With 

this hyper-flood aside, other general floods in the city every year rake up 2-10 million ŘƻƭƭŀǊǎΩ 

worth of damage every year to the homes. Should a major project similar to ours be 

established in the city for around 100 million USD, with a life span of 50 years, we can calculate 

its payback by calculating the number of years the floods are prevented (50 in this case) 

multiplied by the cost of damages prevented each year. In this case, it is seen that a positive 

payback is obtained in the long run of the project, with place for unavoidable costs. 

In the previous years in Mumbai, the local government issued a call for tender for the 

rebuilding of the sewer drains in the city with an upper limit of 300 million USD. Due to 
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political changes and policies-related issues, this tender call was unanswered. For the sake of 

this project, since we were unable to obtain the upcoming tendeǊ ŎŀƭƭΩǎ ǳǇǇŜǊ ƭƛƳƛǘ ōǳŘƎŜǘ ƛƴ 

the short period of time, we assume the old tender call details for this project. 

The tender call stated that the project must be a DBM type project i.e. design ς build ς 

maintain type of project where the contractor selected in the final stages of the tender will 

design the entire drain system considering all typographical, hydrological and other data and 

build the project within the allocated budget and maintain it with payments from the 

municipality. In recent times, this type of project is avoided due to transactional issues from 

the government side and the DB type ς Design and Build type projects are much more 

preferred. Hence, we will concentrate on developing a business plan in with this principle, 

with annexure submission of the maintenance plan (general) to the municipality from our 

(contractor) side, with no liability in the latter. 

Four our project, the same 300 million USD is kept as the upper limit budget and all other 

works are budgeted and designed based on this. The details of the cost and suppliers of 

different parts needed for the project is as given. 

 

6.2 Cost Breakdown for the Module 
 

Å Pipeline Network                                                                                $ 61,600 ς INR 4.2 Million 

The pipes used in this project are of high quality HDPE pipes, which are available both locally 

and internationally from neighbouring countries. The cost of the pipe varies depending on the 

diameter and the thickness of the pipe. Since in this project, the pipes are submerged, 

nominal pressure handling thickness is required and the maximum diameter is assumed to be 

of 1.6 m in urban business areas. This size not only allows the rainwater to flow freely but also 

helps in the retention of the rain water collected during a blockage. 

The pipes that are locally made are available in IndiaMart.com for public listing purpose and 

further transactions and deals can be made directly with the supplier. For the purpose of the 

project few companies manufacturing the pipes were contacted and the selected few are 

mentioned here. Jack-Pipe Industries have quoted a price of INR 60 per meter, which amounts 

up to 2.8 Million INR for the current area selected. The selected area is surveyed, and the 

total length of the pipes needed are measured at 46.96m for 4 km2 area. This roughly 

translates to $41,000.  The cost for custom manufacturing is quoted at $14,000 as one time 

payment for the moulds of 1600mm dia and the transportation costs are included in the main 

quote. An additional 10% is kept for joint seals and other minor parts for attachments. 6% of 

the pipe cost is taken for manhole opening fittings. The total cost for the pips is $61,600 for 

the selected area excluding the labour cost. 

Another supplier from China quoted a price of 2.66 Million INR for the total lengths but the 

taxation between the 2 countries is high and the cost of transportation is also very high. The 

logistics between these 2 countries is very complicated and considering the current political 

climate, it is very risky to obtain materials from this firm. 
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Should the project be done under the local government, tax exemption can be applied for all 

the suppliers and the contracting works, since the government regulations have facilitated 

and allowed this method in many major private and public partnership projects in the past 

years, Also considering the fact that the project is of socio-environmental nature, with no 

expected monetary returns tax exemption is always advisable to further lower the costs and 

also reasonable since the government is directly involved in it. 

 

Å Phytodepuration Tank                                                            $ 3.05 Million ς INR212 Million 

Since the project aims to cover public grounds and lands allotted to the public departments, 

the cost for acquiring the lands is negligible in our project. The cost of soil excavation will be 

high in this phase since an entire tank of 2 million cu.m capacity is to be made. The cost for 

excavation as per schedule of rate Tamil Nadu 2018 gives a value of INR 67.80 per cu.m. of 

ŜȄŎŀǾŀǘƛƻƴΣ άHGS SS.20.A. Earth work excavating and depositing on bank with initial lead of 

10 m & initial lift of 2-5m in Hard stiff clay, stiff black cotton, hard red earth, shales, murram, 

gravel, stoney earth and earth mixed with small size boulders SS.20.A.έ ǿƛǘƘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ 

cost of INR 38.ол ŦƻǊ άEarth work excavation deploying earth moving machinery for desilting 

channel having a width of more than 10m and forming bund on either sides and depositing 

the earth on banks including jungle clearance etc completeέ ŦǊƻƳ ǘƘŜ {ŎƘŜŘǳƭŜ ƻŦ wŀǘŜǎ- 

Public Works Department 2018 pages  25 & 28. These 2 costs amount to INR 106.1 per cu.m. 

For the entire tank of capacity 2 M Cu.m, the cost is 212 Million INR which is $ 3.05 Million 

USD.  

Å Vertical Shafts with Natural Filters                                          $44,600 ς INR 3,100,000 

Vertical shafts are provided to supply the filtered water back into the aquifers and each of 

these shafts are provided with natural filters such as gravels, medium coarse sand and coarse 

stones, which will further purify the water from the phytodepuration before sending it to the 

ground water table. These shafts cannot be exactly estimated for their costs since the size 

and the distribution of these shafts will vary depending on the water holding capacity of the 

tank and other factors. A small percentage of the total tank cost is reserved for the shaft cost, 

which will include the vertical pipes, excavation, material costs and lidding cost. 1.5% i.e. is 

assumed for the shafts in total for the tank which amounts to $44,600 USD. These filters also 

consist of shut off controls, lids and seals for the openings. 

Å Control Room and Exhibit Hall                           $ 218,000 ς INR 15,145,100 

The control room is of standard size, about 200 sq.m, which in addition will host the 

emergency pumps separately. This structure is amounted to a cost of INR 10 Million which is 

$143,000 USD, which includes the cost of construction of the room, materials and the 

electrical works. In addition to this, a small pump room is to be made for $ 75,000 USD, which 

includes the cost of the structure and all necessary instruments except the pump. It also 

consists of the electrical relays, mechanical valves, sensors etc. 

A separate museum or exhibit hall can be made for a cost that is separate of this project, since 

the nature and the necessity of this hall can vary from place to place. For example, in some 
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rural places, this can be used as a tuition hall or seminar hall whereas in historical sites, it can 

work as museum. Other purpose proposed for this hall is of a play ground for the children. 

Since the scope and the nature of this structure is volatile, along with the cost which is 

ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ƴŀǘǳǊŜ ƛǘǎŜƭŦΣ ǘƘƛǎ Ŏƻǎt is not considered in this project. 

Å Pump        $ 30,000 ς INR 2,088,300 

An Axial/Mixed semi submersible pump is chosen for this project. The main purpose of the 

pump is to ensure proper and quick downflow of the water into the water table below ground. 

In a normal condition, the natural flow rate due to percolation and gravity is enough for the 

downflow of the water. But in cases where the water inflow is very high from the pipes, a 

pump is required to pump down the water or in other case, to pump it to the river discharge 

valve pipes, which will carry the excess water into the nearby canal in the case of an 

emergency. This type of pump is to be custom ordered from the supplier, who proposes at 

the rate of 30,000 USD per pump and can be ordered in mass if the project is to be executed 

throughout the city. 

The pump quoted in this project is from Sinoflo Hydraulics Pvt., who specialize in 

manufacturing custom pumps for multiple purposes. The pump is an Axial/Mixed semi 

submersible pump, meaning it can work in almost all angles between 0 ς 90o inclined, and 

under the hydraulic level submerged. This specific pump can pump out 90,000 cu.m. of water 

per hour. At this rate, even at full blockage in natural percolation, the water can be pumped 

in a rate of 24/22 i.e. the water collected at max. rainfall for over a period of 24 hours can be 

pumped in 22 hours by the pump for the said tank. 

 

Figure 58 Axial/Mixed flow Pump. 

The technical details of the pump are given below. 

Summarize of Pool Drainage Submersible Axial Flow/Mixed Flow Water Propeller Pump 

Installation of water flow Channel: in terms of recommended sample installation diagram 

The form of water exit: flap valve or other ways 

Installation ways: Floor fixed type, suspended type, floated type and diagonal installed type; 

Max. Capacity: 90000m3/h 

Max. Head: 20m 

Motor of Pool Drainage Submersible Axial Flow/Mixed Flow Water Propeller Pump 
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1. Submersible motor 

2. Power Level: electrical performance conforms to GB756 

3. Protection level: IP68 

4. VoltŀƎŜ ƎǊŀŘŜΥ ҖмоллƪǿΣ ǾƻƭǘŀƎŜΣ оулǾΣ сслǾΣ слллǾΣ млллл± 

5. Insulation level: F 

6. Rated frequency: 50Hz/60Hz 

6.3 Total Costs 
The total cost of the module is calculated by considering a percentage of the material and labour costs 

for the administration cost and annual maintenance costs, where the latter is based only on the 

material costs, with additional labour charges depending on the nature of the work. An approximated 

5% of the total cost is assumed for the administration while in general administration charges are 

usually higher. This is because of the fact that lot f the administration work is diversified among the 

workers and voluntary participants from the  community, making the project not only socially 

sustainable but also economically advanced.  

Contributing to this is also the fact that many reporting services are automated over cloud and web 

services, through IT applications like Android and iOS applications for mobile phones, which not only 

reduce the cost of labour of tellers but also increase efficiency in management of complaints and files. 

This implication of IT enabled services have led t the reduction of administration costs for many firms 

such as McDonalds and KFC. Such a concept when implemented over to a project of this nature will 

bring a slight reduction in the administration costs, from 7 ς 10% to 5%. 

The table below describes the total costs associated with this project. (Taking 1 $ USD = 69.47 INR) 

S.No. Category Material / Item Cost USD Cost INR 

1. Technical Cost Pipeline Network $61,000 4,237,670 

Phytodepuration Tank $3,050,000 211,883,500 

Vertical Shafts $44,600 3,098,362 

Control Room & Hall $218,000 15,114,460 

Pump $30,000 2,084,100 

Subtotal $3,403,600 236,448,092 

2. Maintenance Cost Matrix Network Checks $6,000 416,820 

Hall and Control Room 
Maintenance 

$2,000 138,940 

Pump & Equipment $2,000 138,9440 

Plantation and Harvest $5,000 347,350 

Subtotal Per Year $15,000 1,042,050 

Subtotal Per 50 Years $750,000 52,02,500 

3. Administration 
Cost 

5% per 1 Year $170,930 11,874,507 

5% per 50 years $8,546,500 593,725,355 

Total Cost 1st Year $3,589,530 249,364,649 

*Extra-ordinary Maintenance 
Cost 3% of technical cost 
every 5 years 

$1,021,080 70,934,428 

 Total Lifecycle 
Cost 

 $13,721,180 953,210,375 

Table 10 Total cost breakdown 
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In total, an average of $13.7 Million USD is the cost for construction and implementing this module 

for 50 years, over an area of 4 sq.km, considering an  extreme case scenario of 947mm rainfall per 

day, with zero flooding results. For a total urban area of 600 sq.km, with over 450 sq.km of building 

and full urban sprawl, the cost for implementing this project is estimated to be about $380 Million 

USD. The total lifecycle cost for the entire network of flood control system for 50 years is $686,059,000 

($686 Million USD), which is very much lower than the other types of flood control systems 

implemented all over the world. It is also noticeable that while the cost of implementation of this 

project is a fraction higher that the tender cost for the year 2005, with adjustment to inflations and 

change in the environmental influenced disaster relief costs over the years since then, this total cost 

is expected to be reasonable while the total lifecycle cost is very low and practical. 

The cost for taxes such as Central and State GST (Goods & Services Tax) has not been considered for 

this project since the contractual aim of the project is to implement the flood control module through 

government tender or PPP, with whole or majority control over the project implementation over to 

the government. Also, profit margin is not considered since the project is not of a commercial nature 

but with the aim to improve the total sustainability of the region through the flood control and its way 

of implementation. 

Cost Benefit Comparison 

Comparing the construction and the operation costs of our module for the entire city of Mumbai with 

that of other similar projects around the globe, it is seen that the total cost is very much lower. The 

cost benefit ratio i.e. the ratio which is obtained by comparing the lifecycle cost of the project with 

the total damage costs due to floods occurring over the life span of the project that is prevented, is 

highly positive towards the benefits, since we expect bi-centennial floods similar to the flood of 2015 

December in Chennai to take place in Mumbai in the next 500 years. Even if that flood occurs only 

once, the damages prevented in that single incident is way more than the total cost of construction, 

operation and maintenance over 50 years for our project. 

With realistic projections from the historical data, where a catastrophic flood every 3 years creating 

economical damages worth of  $300 Million USD occurs in the city of Mumbai till 2069, with higher 

magnitude rainfall of 130 ς 200 mm occurring every 5 ς 8 years and bi-centennial floods of 900mm 

rainfall per day, capable of economical damages up to $1.2 Billion USD as of today, with factors 

considered for the inflation of costs over the next 50 years, our project is expected to give good results, 

with high hopes of influencing  other S.E.A. countries to follow suite. Also, if the project is implemented 

with cash crops or visual enhancing plants, the aesthetics and the economy of the said region can also 

be improved.  

This factor, which is a by-product of the main project, cannot be measured monetarily but only by 

indices. These benefits, both in terms of economy and general urban sustainability, are a selling point 

for this project, with many S.E.A. countries being economically weak, such a  project with this kind of 

excellent cost benefit ratio will be best suited. Also, when compared to other projects of this nature, 

our project is of very little maintenance cost due to the types of materials used. Thus, this project is 

the optimal solution for Mumbai and other S.E.A. Countries. 
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7. SOCIAL AWARENESS 
 

 

7.1 Social Awareness for the proposed Flood Control System in Rural Areas 
 

        In order to make this project a success on a larger, metropolitan scale, it needs to be tried 

and tested in smaller scales. It needs to be successful as a module in a smaller scale that can 

be modified and implemented in a city like Mumbai in India. Only after the workability of this 

scheme is validated, can it be put forth as a proposal that needs to be implemented in larger 

cities in the country. 

Another aspect of this kind of social project is that it requires awareness, support and 

engagement of the people that are going to be benefitted by it. This not only helps to inculcate 

a knowledge of flood control measures but also ensures that people are actively involved and 

aware of a more organic method of flood control rather than just building embankments and 

channelization of rivers which are man-made and somewhat temporary solutions. 

Hence in order to make a proposal for this project in metropolitan cities, it can first be 

experimented upon as module systems in rural areas. The results from this experiment can 

be used to further improve the schemes in rural areas and devise and modify this module for 

urban flood control. Further, the procedures and methods to implement this scheme in a 

small scale as a part of rural development schemes are discussed below. 

 

Å Institutes and Programmes for Rural Development: 

        Keeping the afore mentioned goals in mind, it is possible that a small scale module of the 

project is implemented, assessed and analysed in a few flood-prone rural areas. There are 

numerous flood control commissions and authorities in India. However, in order to test this 

as a small scale experiment and to get maximum amount of involvement from the locals, this 

scheme can be implemented as a part of various rural awareness development programmes. 

The Science and Technology (S&T) programmes for rural development are promoted through 

the National Institute of Rural Development (NIRD) and the Council for Advancement of 

tŜƻǇƭŜΩǎ !Ŏǘƛƻƴ ŀƴŘ wǳǊŀƭ ¢ǊŀƛƴƛƴƎ ό/!t!w¢ύΦ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ǘǿƻ Ƴŀƛƴ ƛƴǎtitutes which are 

fore-runners in promoting small scale schemes and services and helping products, ideas and 

programmes suitable for rural development reach the people that would benefit from it.  

Objectives ς  

¶ To create a social construct plan for the implementation of the project. 

¶ To analyze the CSR project undertakings in India and to find a solution to 

incorporate it into our business model. 

¶ To create a business framework for our model that will infuse CSR and will 

create sustainable social environment as a by-product. 
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        NIRD is the national apex organisation for training, research and consultancy in the field 

of rural development. The S&T functions of NIRD include - farming systems, transfer of 

technology, human resource and social development; registration of researchers in rural 

sector, institution- building and management, and conduction of seminars.  

        The S&T functions of CAPART include:  

(i) funding of the innovative projects for the upgradation of traditional technologies 

and introduction of new technologies in rural sector through R&D, pilot projects, 

field tests, demonstration and training,  

(ii) strengthening of the existing, and creation of new, institutions for conducting R&D 

work on appropriate rural technologies,  

(iii) building up of a data bank of technologies for rural sector, and  

(iv) creation of awareness about the application of S&T in rural development and to 

disseminate the relevant information.  

CAPART maintains close links at all levels with other government departments and S&T 

agencies to ensure coordination and to avoid duplication of efforts.  

        Apart from these institutes, there are several special programmes for rural 

development through S&T inputs- 

Á Watershed Development Programmes 

Á Rural Water Supply Programme 

Á Rural Housing 

Á Rural Sanitation Programme 

Á Computerisation of Rural Information 

Hence, as the first step, (project name) can either be registered under one of the Institutes 

as mentioned above or can be registered separately as one of the special programmes for 

rural development. 

 

7.2 Work Structure of the Implementation of small-scale schemes on Rural 

Development platforms and CSR 
 

        In most cases, due to their modest nature, these kinds of schemes are usually 

implemented as a collaboration between a large-scale organisation/industry (may be private 

or public) that is responsible for the funding and either a government agency or a Non-

Governmental Organisation (NGO) which is responsible for the implementation. In cases 

where government funding is not involved, it is usually funded privately by a large corporate 

organisation for a socio-economic benefit, which is nowadays referred to as CSR ς Corporate 

Social Responsibility. 

Corporate Social Responsibility, also known by various other terms such as corporate 

sustainability, sustainable business, corporate conscience, corporate citizenship, conscious 
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capitalism, is a continuing commitment by a business to behave ethically and contribute to 

economic development while improving the quality of life of the workforce and their families 

as well as of the local community and the society at large. 

 

Figure 59 CSR structure 

        CSR is a self-regulating business model that helps a company be socially accountable τ 

to itself, its stakeholders, and the public. By practicing corporate social responsibility, 

companies can be conscious of the kind of impact they are having on all aspects of society 

including economic, social, and environmental. To engage in CSR means that, in the normal 

course of business, a company is operating in ways that enhance society and the 

environment, instead of contributing negatively to it. While at an organisation level, each 

organisation is allowed to choose how they want to be involved in this CSR, what are all the 

kind of schemes and activities in their scope etc., over the last decade or so it has moved 

considerably from voluntary decisions at the level of individual organisations, to mandatory 

schemes at regional, national and even transnational levels. 

 

7.3 CSR In Action | Case Studies 
 

1. STARBUCKS (International context):  

        Long before its initial public offering (IPO) in 1992, Starbucks was known for its 

keen sense of corporate social responsibility, and commitment to sustainability and 

community welfare. Starbucks has achieved CSR milestones such as  

Á reaching 99 percent ethically sourced coffee 

Á creating a global network of farmers  

Á pioneering green building throughout its stores 

Á contributing millions of hours of community service 
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Á creating a ground-breaking college program for its partner/employees.  

 

        DƻƛƴƎ ŦƻǊǿŀǊŘΣ {ǘŀǊōǳŎƪǎΩǎ Ǝƻŀƭǎ ƛƴŎƭǳŘŜ ƘƛǊƛƴƎ млΣллл ǊŜŦǳƎŜŜǎ ŀŎǊƻǎǎ тр 

countries; reducing the environmental impact of its cups; and engaging its employees 

in environmental leadership. 

 

       
 

       

Figure 60 StarbucksΩ /{w Ǉƭŀƴ 

 

 

 

2. LARSEN & TOUBRO (Indian context): 

        L&T is a technology, engineering, construction and manufacturing conglomerate 

with additional interests in electrical, automation and information technology. It was 

ŦƻǳƴŘŜŘ ƛƴ мфпс ŀƴŘ Ƙŀǎ ŀōƻǳǘ ммф ǎǳōǎƛŘƛŀǊƛŜǎ ǳƴŘŜǊ ǘƘŜ ǇŀǊŜƴǘ ŎƻƳǇŀƴȅΦ [ϧ¢Ωǎ 

CSR consists of the Millennium Development Goals in the Rural Areas: 

Á Eradicate extreme hunger & poverty 

Á Achieve universal primary education 

Á Promote gender equality and empower women 

Á Reduce child mortality 

Á Improve maternal health 

Á Combat diseases effectively 

Á Ensure environmental sustainability 

Á Global partnership for development 
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Figure 61 Organisation Structure of L&T 

 

 

Figure 62 CSR Beneficiaries 

        In order to reach these goals, L&T participates as a fore-runner in partnership 

ǿƛǘƘ bDhΩǎ ƛƴ ǎƻŎƛƻ-cultural services in rural areas like: 

¶ Medical camps 

¶ Blood donation camps 

¶ HIV/AIDS Awareness camps 

¶ Healthcare Awareness camps and contributing towards building healthcare centres  

¶ Supply of teaching aids, educational material, upscaling of educational infrastructure 

¶ Installation of solar panels and other environment friendly technologies 

¶ Relief measures during calamities 

¶ Waste disposal campaigns 

¶ Tree plantations etc. 
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Figure 63 CSR activities of L&T 

 

7.4 Proposed Flood Control System infused into a CSR framework 
 

                As an inference from the above case studies, it can be proposed to formulate a small-

scale module of the urban flood prevention system in partnership with an organisation which 

can fund this project in rural villages. This will not only help to create awareness about the 

project, but it will also intentionally help a large-scale industry indirectly contribute to the 

betterment of the society. 

        In order that the project be implemented in partnership with a funding organisation as a 

part of their CSR strategy, the scope of the project needs to set. The scope of this project can 

be listed as follows: 

 

Á Project area 

As mentioned above, the area to be chosen for this project would have certain 

requirements: 

- Flood prone area  

- Villages within 2km radius that have been affected 

- A large open area, where the project can be implemented, located in such a way, 

that it can easily connect to the other surrounding villages to facilitate easy water 

collection and supply. 
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Á Construction of main tank and artificial lake 

        The construction of the main phytodepuration and the digging of the artificial lake 

needs to take place in the finalized location. As mentioned above, the funding for the 

materials, labourer wages, transportation costs etc. will be provided by the 

organisation.  

        The phytodepuration tank and the artificial lake need to be designed and 

constructed according to standards in relation with the area that it serves. The 

capacities should be derived upon after studying the annual rainfall and floods reports 

very carefully. Both need to be well connected with surrounding villages that it will 

serve by a system of drains. 

 

 

Á Drainage system 

          The main characteristics of this project is to collect rain-water and excess flood 

water and channelize them into the phytodepuration system, where it will be purified 

and then sent out again for usage of the recycled water. For this system to work well, 

a network of drains needs to be planned. It is necessary to form a network of drains 

from each of the surrounding villages leading to the phytodepuration tank and it also 

becomes necessary to identify places that can use the recycled water (for example 

agricultural lands) and to direct the outgoing network of drains to these places. 

             Depending on the existing conditions, it can be decided whether these drains 

need to be an underground network or can simply be covered surface drains. 

 

 

Á Administrative and technical facilities 

          In order to regulate and maintain this whole system of flood control, it is 

necessary to have administrative and technical offices. The function of the technical 

office is to make sure that the tank and drains are always in smooth operation, 

especially rainy seasons and that of the administrative office is to regulate the non-

physical aspects of this system.  

 

 

Á Make this area more usable by converting it into a public park 

          It becomes very crucial that this project is open to public viewing in order to 

educate people about this sustainable method of flood control. Hence, a small portion 

of area surrounding the lake and the phytodepuration tank can be open to public in 

the form a public park. This will not only provide people with a freely accessible and 

usable public space but will also help them to understand the process, and how 

important and useful it is. 
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7.5 Creating Social Awareness for this project 
 

            This is a new, sustainable method of flood and control which can be implemented and 

used easily. Since it has not come into limelight yet, it is important that people understand 

what Phyto-depuration is and how it works. Most importantly, people need to be educated 

about the benefits of this system of flood control and prevention. 

             Usually in rural areas like these, as discussed above, we see various camps and 

awareness sessions related to health, environment, energy consumptions etc being 

conducted frequently. They are either government backed camps and rallies, or CSR backed 

or sometimes, both. Awareness for this system of sustainable flood control and prevention 

can also be done in similar ways.  

- Unemployed labourers from surrounding villages can be used for the construction 

of this project. Since it is a labour-intensive project which includes the construction 

of the phytodepuration tank, lake, administrative and technical offices and the 

drainage system, this project can provide employment opportunities to 

unemployed people in the surrounding village areas. 

        This kind of involvement of local people helps to spread word about the 

project. 

 

- Even after the project is completed, employment opportunities will still be 

available for the maintenance and regulation of this (project name). 

 

- The conversion of the area around the artificial lake and the tank into public 

spaces. This will invite people to use this space more and in turn, it will help 

educate them about the entire process by use of information boards and points at 

strategic locations. 

 

- Lectures and workshops conducted in schools giving information about 

phytodepuration. Getting more children involved in the awareness through 

workshops like rain water harvesting, identifying plants which pertain to 

phytodepuration and help in cultivating them in a small scale etc. 

 

 

7.6 NGOs on Social Development 
Below are the different projects and NGOs involved in the Leh region that have the potential 

to be involved as a part of our project workforce, to ease the transition period of the location. 

 

Social Development Projects : 
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1. Leh Nutrition Project (LNP) was the first local non-governmental organization (NGO) 

in Ladakh, established in 1979 by the Save the Children Fund (UK) as a supplementary 

nutrition project in the Leh District After Initially responding to the needs of the rural 

communities, LNP moved towards the integrated approach and carried out number of 

development programmes that includes, Health, Education, Rural Development and 

Women's Development. The focus of the organisation has always been centre on 

Children, women and marginalized groups working to improve the socieo economic, 

education and health status of village communities.  

 

2. Current Programmes are as under: 

Livelihood project: Project aims to improve the livelihood of the rural population in 

the remote village in the ongoing transition period from an isolated subsistence 

agricultural system towards the integration in to monetary economy in harmony with 

the traditional farming practices. 

 

3. Farm based Livelihood development project: The project aims to improve the 

livelihoods of rural people through a multitude of land base and income generating 

initiatives to make traditional land based economy more remunerative. 

 

4. Promoting child Protection in Ladakh (PCPL): The project aims to promote Child rights 

to protection through facilitating and creating enabling environment in Leh district. 

 

5. Education: Aiming to ensure Children's rights to quality education and protection in 

the Leh District of Jammu and Kashmir State. 

 

6. Child Development Khazana (CDK): A life skills development programme, CDK aims to 

empower children and adolescents through imparting life skills of participation, 

leadership, decision-making, and financial literacy 

 

7. Watershed development project: The objectives of this programme are to improve 

the traditional distributory water channels of numerous villages by preventing 

leakages and making them stronger and wider. They also aim to improve the ancient 

water reservoirs in the area by making them deeper, wider, leak-proof and by 

installing water-regulating valves and a lock system at their outlet. 

 

8. Artificial Glacier Technology: A technology dreamed up by Sh. Chewang Norphel of 

Leh Nutrition Project who subsequently received international and national 

recognition, including Padma Shri the fourth highest civilian awards for this innovative 

and cost-effective solution to a diminishing water supply is Artificial Glacier 

Technology. This technology encompasses solutions for most of the climate-change 

related issues for the rural population. 

"Student Educational Cultural Movement of Ladakh" (SECMOL) is a voluntary organization of 

the concerned with the youth and development of Ladakh. It was founded in 1988 by some 



95 
 

returning university students who understood the problems of the younger generation with 

modern education, their lack of focus and the cultural confusion.  

 

SECMOL aims to awaken people to the problems stemming from inappropriate and 

insensitive schooling leading to destructive development of Ladakh in cultural and social and 

environmental spheres. It aims to preserve and strengthen the traditional wisdom, cultural 

heritage and the unique identity of this land and the people. In order to realize this aim,  

SECMOL campus is 20 km from Leh, towards Srinagar. The campus is an organic farm with 

open learning space for the youths of Ladakh. It is active in conducting activities that include 

short and long term youth courses focusing on natural earth buildings, environmental 

education and awareness; and is a space to have interaction between visitors from around 

the world and with students from Ladakh, to gain cultural understandings of each other; and 

it is a learning space to discuss, learn, and understand the idea of sustainable development 

and to find solutions to the environmental challenges of Ladakh.  

 

The Ladakh Ecological Development Group was initiated in 1983 to Promote ecological and 

sustainable development, which blends with the traditional culture. The programmes include 

information, education, handicraft, agriculture and cultural preservation activities. 
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7.7 Implementation Procedure of CSR infused Hydroponics: 
The following flowchart explains in steps how the CSR of the many volunteering firms will be 

infused with our project in hydroponics and phytodepuration. 

 

 

 

 

 

 

CSR Stage

ωIdentification of CSR oriented firms & their annual CSR goals

ωProposal of our project and induction of the process into their CSR

Outreach

ωThe corporate firm, with government's CSR guidelines, frames aworking 
proposal with detailed plans and budgets

ωIdentification of work location and communities to aid

Social Work

ωHelping the community to develop hydroponics and phytodepuration in their 
area, education of kids and creating public awareness

ωPeriodic monitoring of the workings and performing extraordinary 
maintenance works .
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Figure 64 CSR Infusion Process Chart 
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8. SOLUTION ANALYSIS 

 

8.1 Public Opinion and Social Understanding of the Project 
 

¢ƘŜ ǇǊƻƧŜŎǘΩǎ ǎǳƛǘŀōƛƭƛǘȅ ŀƴŘ ǎƻŎƛŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǳōƭƛŎΩǎ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǘƘŜ 

project in both before and after completion of the works. Since our project is 33% highlighted 

ǘƻǿŀǊŘǎ ǘƘŜ ǎƻŎƛŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ōȅ ǳǎƛƴƎ ǘƘŜ ¢ǊƛǇƭŜ .ƻǘǘƻƳƭƛƴŜ !ǇǇǊƻŀŎƘΣ ǘƘŜ ǇǳōƭƛŎΩǎ 

opinion on this issue is sought after. A series of questions relating to the social aspect of our 

project are framed in such a way that the subject is given options to choose the best option 

from his/her views. Such a questionnaire is developed, subjected to 25 subjects of general 

public and 5 experts from the field of civil engineering, public engineering, environmentalism, 

law and hydrology are also issued a similar questionnaire.  

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀƎŜǎ Ŏƻƴǎƛǎǘ ƻŦ ǘƘŜ ǇǳōƭƛŎΩǎ ƻǇƛƴƛƻƴ ƛƴ ǘƘƛǎ ǇǊƻƧŜŎǘ ƛƴ ǾŀǊƛƻǳǎ ŎŀǘŜƎƻǊƛŜǎΣ 

subjected to AHP, where the most chosen options per question are subjected to equal and 

categorized weightages along with sensitivity analysis, where the weightages are distributed 

to the criteria chosen in an hierarchical or unequal yet justified way.  

This process of AHP incorporated both choice modelling and stated preference methods 

wherein the subject is given choices o choose from in certain questions and are asked to state 

their answers in some. The final result of the questionnaire thus obtained will reflect on the 

possibility of the social sustainability of the project.  

8.1.1 Sample Selection 

As stated frequently by many experts in the field, social sustainability is the key to the overall 

sustainability of any project in the next decades since every development project that are 

taking place currently are focused towards the general public, to attract funding and to gain 

a higher chance in the sustainability and long run of the project. 

The subjects to the questionnaire are randomly selected from the age group 18 ς 60 since the 

people falling into this age  category are the most-likely people to participate in the 

development and the running of the project. Such subjects are also from a variety of social, 

economical and educational background so that the process remains unbiased. The 5 experts 

chosen for the questionnaire interview are also from various fields as mentioned before. They 

are also from a variety of different backgrounds ranging from a social activist university 

Objectives ς  

¶ To perform public survey on the scope and acceptability of the project, with analysis on 

the nature and the justification of the results thus obtained. 

¶ To perform AHP and SAW analysis on the different possible solutions and modification 

of the module. 

¶ To analyse the results and to provide the best possible solution with the apt 

explanation. 
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professor to a UN guest speaker. The details of the experts are mentioned in the following 

section. Similar to the public opinion questionnaire, the same questions were asked to the 

experts, along with their opinion, reviews stated and the possible obstacles/alternatives 

suggested by them enclosed and explained in detail. 

Given the vast scalability considered for this project, a few subjects from South East Asian 

countries were also subjected to the same questionnaire, where they were asked to answer 

the questions considering the adaptability and scalability of the same project in their region. 

Many positive feedbacks were obtained from them, along with a new perspective on their 

localized problems and solutions. Such feedbacks state the scalability of the project and 

provide an estimatŜ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎƻŎƛŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘƘŀǘ ǊŜƎƛƻƴΦ !ƭƭ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ǿŜǊŜ 

also taken into account when performing the AHP for the project. 

 

8.1.2 Preparation of the questionnaire 

The questionnaire was prepared with keeping in mind 4 major factors such as aesthetics, 

environmental importance, public involvement and economical viability. The public sample 

were given a sheet of questions on these 4 factors, with 4 choices as the possible answers. 

Each choice for its respective question is one possible soƭǳǘƛƻƴΣ ǊŜŦƭŜŎǘƛƴƎ ƻƴ ǘƘŜ ǎŀƳǇƭŜΩǎ 

ideology for the project. The questions given to the sample are as given below : 

1. Have you been affected by floods in Mumbai? 

2. Do you know about the existing flood control measures in Mumbai?  

3. Do you think the existing Drainage system and the flood control measures in Mumbai 

needs to be improved? 

4. What do you think is the main reason for flooding in Mumbai? 

- Bad Drainage System 

- Poor Flood Control 

- Poor Waste Management 

- Insufficient Funds & Labour 

- Lack of usage of latest methods and technology to battle and prevent floods 

- Over Population 

- All of the above 

5. Do you think it is necessary to form a separate authority to deal with flood control 

measures? 

6. Would you rather prefer if it is a public (government controlled) body or a private one?  

7. Would you agree to volunteer in a flood control project for the city? Or do you prefer 

it to be a paid job for qualified people only? 

8. If there is a project, which strikes a balance between forming new flood control 

measures for the city and unemployment, would you volunteer/donate for such a 

project? 

9. Do you think the Government is doing their part in controlling floods?  

10. Do you know about the flooding issues in other Indian cities? 
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11. Are you ok with the condition of common spaces in India? 

12. Do you think common spaces can affect or can be integrated with efficient flood 

control measures? 

13. Do you know of any efficient flood control system that has been used in any other part 

of the country/world? 

14. Do you know about the Paris agreement signed by India and 194 other countries? 

15. Do you know about Phytodepuration? On a scale of 1-10, rate your knowledge about 

Phytodepuration. 

The questions were compiled in a Google Forms format, submitted either through mail or in 

person to the responders. The AHP questionnaire to experts were presented to them in 

person after careful discussion of the project with them over a one on one session. The results 

of both these questionnaires were compiled and summarized as bar/pie charts, indicating the 

percentage of the choices for quick processing. The response from the AHP questionnaire was 

used to prioritize the different options and criteria playing important part in this project. 

 

 

8.1.3 Public Response and General Results 

The response of the public is tabularized with each question and the most recurring answer 

for it in the table given below.  

Question  Average Response 

Have you been affected by floods in 

Mumbai? 

Yes (84.2%) 

Do you know about the existing flood 

control measures in Mumbai?  

 

Yes (71.8%) 

Do you think the existing Drainage system 

and the flood control measures in Mumbai 

needs to be improved? 

 

Yes (66.7%) 

What do you think is the main reason for 

flooding in Mumbai? 

 

All of the above (51.3%) 

Do you think it is necessary to form a 

separate authority to deal with flood 

control measures? 

 

Yes (84.2%) 

Would you rather prefer if it is a public 

(government controlled) body or a private 

one?  

Public (68.4%) 
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Would you agree to volunteer in a flood 

control project for the city? Or do you 

prefer it to be a paid job for qualified 

people only? 

 

Paid personnel only (37.1%)  Volunteer 

(34.3%) Both ( 28.6%) 

If there is a project, which strikes a balance 

between forming new flood control 

measures for the city and unemployment, 

would you volunteer/donate for such a 

project? 

 

Yes (89.7%) 

Do you think the Government is doing their 

part in controlling floods?  

 

No (60.5%) 

Do you know about the flooding issues in 

other Indian cities? 

 

Yes (74.4%) 

Are you ok with the condition of common 

spaces in India? 

 

No (56.4%) 

Do you think common spaces can affect or 

can be integrated with efficient flood 

control measures? 

 

Yes (38.5%) No (38.5%) 

Do you know of any efficient flood control 

system that has been used in any other part 

of the country/world? 

 

No (41.7%) 

Do you know about the Paris agreement 

signed by India and 194 other countries? 

 

Yes (38.5) No (33.3%) 

Do you know about Phytodepuration? On a 

scale of 1-10, rate your knowledge about 

Phytodepuration 

Average = 3/10  

 

Analysis  

From the response of the public to the questions, it is seen that the citizens are aware of their 

water issues and require an intervention for it. When questioned, they indicated their 

knowledge of the existing flood control system in Mumbai, although the depth of it is basic. 
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The existing flood control system is nothing more than the open drainage systems that 

dispose storm water into the Mithi river, which would take the water into the sea near the 

Bandra-Worli Sea link. At the mouth of the river, due to raging storms every year, the water 

flow  from the river into the sea is reversed by the tides. Also, since the Mithi river itself is 

highly polluted by solid wastes, mostly plastic and the encroachment of slums along the river 

makes it hard for the strom water to flow freely to the sea. The citizens are aware of the fact 

that the pollution of the river is a major issue  for the flooding along the river but are unaware 

of the impact of slum encroachments along the river on the flooding of the city. 

²ƘŜƴ ǉǳŜǎǘƛƻƴŜŘ ŀōƻǳǘ ǘƘŜ ŎƛǘƛȊŜƴǎΩ ǎŀǘƛǎŦŀŎǘƛƻƴ ƻŦ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ŀŎǘƛƻƴǎ ǘŀƪŜƴ ǘƻ 

improve the situation, the public expressed  their distrust in the government bodies to resolve 

this issue and stated that they prefer a separate body to be formed to deal with this issue. 

The response to the questionnaire shows that the citizens want a separate public body that 

is transparent in every action it takes, the public also stated that they want experts in the 

PWD (Public Works Department ) to supervise and work in this separate body.  

With the involvement of the government in this issue being addressed, the citizens were 

asked about their involvement in the body as volunteers to help obtain good results on 

combating the floods. The response shows a demographic difference in the answers 

depending on the age bar of the respondent. The younger generation in the city, from the age 

of 18 to 30 responded by saying that they are willing to volunteer during the construction of 

the project and during its use phase every year during floods. The older generation preferred 

it would be better to leave it to the paid personnel to work on it on their own. This difference 

in the answers shows various characteristics of the demography of the city such as : 

¶ The  involvement of the younger generation in the past floods as volunteers which 

makes them come front to combat the same issues in the future. This is because the 

younger generation experienced first hand what they could achieve in such situations 

when a lot of like minded people come  forward to work in an emergency situation 

¶ The modern education of the younger generation that has helped them to view the 

issue from a global point of view, showing the necessity to address the flooding issue 

when a city as famous and international as Mumbai experiences it. The modern 

generation feel that it is their duty to improve their city to the international standards, 

considering the high average educational level of the citizens in Mumbai. This is also 

because of the fact that the Central Government of India has started to rank the cities 

based on their modernity and cleanliness, boosting competitiveness among the 

metropolitan cities to compete for the top ranks. The lack of proper combating system 

during the floods makes the city unclean and visually unappealing, making it go down 

ƛƴ ǘƘŜ ǊŀƴƪƛƴƎΦ CƻǊ ǘƘŜ ƳƻŘŜǊƴ ƎŜƴŜǊŀǘƛƻƴΣ ǘƘƛǎ ŘƻŜǎƴΩǘ Ǝƻ ǿŜƭƭ ŀƴŘ ŀŎǘǎ ŀǎ ǘƘŜ 

boosting factor for their involvement in this project. 

¶ The outdated education system of the older generation, their conservative life style 

and their monotonous lifestyle of 12 hour work time 6 days a week have made them 
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uninvolved in the volunteering work, thus their response was to leave all the works to 

the paid personnel. 

The response of the public for the question on unemployment got positive answers, reflecting 

the huge unemployment in the city for engineering graduates. Some of the respondents were 

also keen and interested to know how our  project would generate jobs in their city, for which 

ǘƘŜȅ ǿŜǊŜ ƎƛǾŜƴ ŀƴ ƛƴŘŜǇǘƘ ŀƴǎǿŜǊ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǇǊƻǎǇŜŎǘǳǎ ό ŀǎ ƎƛǾŜƴ ƛƴ ŎƘŀǇǘŜǊ рύΦ  

For the question on the common spaces in the city, we obtained mixed reviews from the 

respondents where equal number of people stated that common spaces can be integrated 

ǿƛǘƘ ŜŦŦŜŎǘƛǾŜ ŦƭƻƻŘ ŎƻƴǘǊƻƭ ŀƴŘ Ŏŀƴƴƻǘ ōŜΦ aƻǎǘ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ŀƴǎǿŜǊǎ ǎƘƛŦǘŜŘ ǘƻǿŀǊŘǎ 

the positive side when they were explained about the aesthetic architectural design  and its 

purpose of the project. The respondents were also shown the preliminary design of our 

project, showing the rough draft of the architectural schema and the social impact that it 

would generate during its design and operation phases.  

Other than the existing flood control system in Mumbai, the residents were not aware of 

international flood control systems such as G-CANS, Netherlands Flood Control System, etc.  

By providing them with basic knowledge of these systems, we were able to explain them 

about the working of our project, its significance and the need for it in their city. 

Overall, the general analysis of the response to the questionnaire states that the citizens are 

aware of the crisis looming over their city and their awareness in requiring a new flood  control 

system. The analysis also shows the demographic influence of the different generations over 

the project by volunteerism and participation in the works. By conducting a questionnaire 

stage in the course of our project, we are able to determine the social sustainability of our 

project, which in this case shows high awareness and participation potential of the target 

society. With these results, it is safe to state that the social sustainability of the project can 

be achieved in the long run, both in the construction phase and the operational phase. We 

can also expect the social involvement of the people to increase due to peer-to-peer influence 

phenomenon, where people tend to follow others in any organized work.  

 

8.2 AHP ς Analytical Hierarchic Process 
 

            The analytical hierarchical process was done to the project considering 4 different 

situations or conditions with 4 different criteria. Each of those criteria has its own sub criteria 

which are a derivation of the main one. The simple additive weightage process was done on 

4 different scenarios, each varying form other depending on the weightage distribution 

among the criteria and sub criteria. And finally, AHP was done to the same, with classical AHP 

approach, with the aid of digital assistant software. The criteria taken into consideration, the 

derived sub criteria and the different situations or conditions are as given below: 
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Figure 65 Flood control projects considered for AHP 

The conditions or situations as mentioned above were taken as the most suitable solutions 

for the problem in India and other south Asian countries. Although these projects could be 

used in India, some factors such as CST, environmental adaptability, social sustainability etc 

play a major role in deciding the feasibility of the project at our location. The first situation is 

taken as the existing flood drainage system in Mumbai, established step by step over the 

years. This system, although very inexpensive, fails to provide flood control measures for 

which it was designed for. The high damage costs due to flood in Mumbai overshadows the 

construction and operational cost of this project. 

The second situation is the proposed project of this thesis, where the project is tailored for 

the assigned location, taking into consideration the needs, requirements and the conditions 

of the location. Having done this, this project seems to be the most suitable one for that 

location initially. Further verification of the authenticity of this claim are made further down 

this section with calculations and results are ranked below. 

The third situation is implementation of G-Cans project in India, where huge tunnels similar 

to the ones in Tokyo are to be made in Mumbai to contain all the rainwater before being 

pumped into the river. This project may fulfil the general requirement of flood control but 

may not meet the economic and social requirements of any sustainable project, especially 

when approached though the Triple Bottomline Method. More information of this project can 

be found in the previous chapters. 

The fourth situation is the implementation of Dutch Delta Water Works in Mumbai, by 

considering the building of sluice gates at the mouth of the Mithi river and other possible inlet 

areas along the coastal line. Since the situation for the Netherlands and Mumbai are vastly 

different, they are both differentiated in the variations, but some minor factors are taken as 

the same for them. The feasibility of the Dutch Delta Water Works and its ranking when 

compared to the other 3 projects are listed below at the end of this chapter, after the 

calculations and tabulations of the results. 

The criteria and their derived sub-criteria taken into consideration for the AHP, Simple 

Additive Weightage calculations for the 4 different situations considered are as listed below: 

Flood Control 
Systems

Existing 
Project

Museum -
Cultural 
Centre

G-Cans Dutch Water 
Works














































