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ABSTRACT

Themain idea of tle project is to improve and develop flood control systems with sustainable
techniquesin 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 waitk tve same
effectiveness in the rural sides of the sariis projeciexplores the possibily 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 dgpead for the RICS Cities for the Future
competition in 2018, adding many research areas awdpe for improvements and
betterment.

The aim of this thesis is to analyse the different causes for flooding in 4 majorncilieta,
which areof highflood crisis importance that require immediate actjdn give out possible
solutions and analyztheir feasibility explore the various branching of the most optimal
solutionandfind the cost benefits of tis solution with highlights on the added stii@nefits
that arise fom it; and finally toperform Multi Criteria Analysis for the solution and gougt
the results.

The project also aims to involve the society in the project through the Triple Bottom Line
method, wherein the sociagconomicand environnental sustainabilities are to be achieved.

The project proposes the analysis of the relationstepAzen 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 techioal solution to make the project successitiis project, was a

basic idea was initially develoBe F 2 NJ G KS &/ AGASa F2NJ hdzNJ Cdzi dzd
(Royal Institution of Chartered Surveyors).

This graduationthesis will also explore the technicaspects and design of the solution in
depth, giving out possible alternatives and their suit&pilThe thesis aims to incorporate
latest technologies that will not only make the project feasible but will also make it
sustainable and futur@roofed. Thetechnical parts of this project will be outlined in the
report, with attachments of detailed 3D eodels 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 thproject.

The final step of the thesis is to check the scalability and adaptability of the prGjties of
similar flooding issues in India will be studied and checked whether this project is suitable as
a modularsolution. The cities will be chosen kyentifying the crisis level in the city, its
urgency in need for a solution. The project will bedified or altered in its smaller details,
keeping its main process intact, to match the regional properties and requirements.

The results thus obtained witle tabulated and compared to highlight the advantages and
limitations of this project, its scaldlty 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

Objectivesc

1 To determine the causes @bods, existing flood control measures, guidelines on
effective flood control & prevention

1 To analyze the different flood control measures all around the world with deeper
analysis on key case studies.

1 To analyse few phytoremediation projects in depth (literature review) to obtain
general ideas and conceptsrfthis thesis.

1.1 Introduction

Urban flooding isthe inundation of land or property in auilt environment,
particularly in more densely populated areasaused by rainfall overwhelming the capacity
of drainage systems, shhi@sstorm sewers. Although sometimes triggered by events such as
flash flooding osnowmelt, urkan flooding is a condition, characterized by its repetitive and
systemic impacts on communities, that can happen regardless of whether affected
communities ardocated within designated floodplains or near any body of water.

A Aside from potential overflovof rivers and lakes, snowmelt, stormwater water
released from damagedater mainsmay accumulate on property and in public rights
of-way, seep through buding walls and floors, or backup into buildings through sewer
pipes, toilets and sinks.

A In urbanareas, 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 lak or reservoir. It can be caused by flash flooding, coastal flooding, river
floods or rapid snow melt.

A With climate change setting in, the rainfall patternsdaguantities have been
wavering from the norms in the recent times. This, when combined withnislagéion
gives rise to problems like urban flooding.

A In general, urban flooding is as disruptive to daily life as it can be dangerous. Urban
floods are a greatlisturbance of daily life in the city. Roads can be blocked, people
OFyQi 32 G2 & Zhkkcondmid dardaged @& gh, but the number of



casualties is usually very limited, because of the nature of the flood. The water slowly
rises on the citywtreets. When the city is on flat terrain the flow speed is low and you
can still see people diing through it. The water rises relatively slow and the water
level usually does not reach life endangering heights.

A The economic cost of urban flooding cdsabe high, as water damage to homes and
buildings can be very expensive to repair.

Urban floaling 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 nmade lake oreservoir.

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

1 Pluvial flooding- The accumulation of local rainfall runoff due to insufficient
drainage and buffer capacity.

1 River flooding- Overflowing rivers due tansufficient 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.

1 Coastal flooding- Storm surges induced by heavy storms, galee winds and
hurricanes causing sea levels to rise and flood a city.

1 Groundwater flooding- Water that collects or flows beneath the suctof the
ground, filling the porous spaces in soil, sediment, and rgogginating from
rain, melting snow and ice.

Fluvial flooding

Groundwater flooding

Figurel Types of flooding



1.2 Causes

It can be caused by flash flooding, coastal flooding, fleeds or rapid snow melt, but
mostly urban floods are related to manade causes which generally cause flash floods. In
the citiesand towns it is a recent phenomenon caused by increasing incidence of heavy
rainfall in a short period of time, indiscrinate encroachment of waterways, inadequate
capacity of drains and lack of maintenance of the drainage infrastructure. Common
consequaces of urban development & infrastructure include the removal of vegetation and
an increase in impervious surfaces andidage networks, all of which increase precipitation
runoff into streams and rivers. This may result in more flooding.

Figure2 Types of flooding



Natural Ground Cover 10-20% Impervious Surface 35-50% Impervious Surface
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Figure3 Causes of flooding due twbanization

Someman made causeare:

1 ENCROACHMENMore migration lead to less availability of land which lead to higher
economic value dand. Sothere would be more encroachment of water bodies which
reduced economical services from water bodies.

1 POLLUTION Explesive increase in the urban populatiomithout 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.

1 ILLEGAL MININGCTIVITIESIllegal mining for building materiglch as sand and
guartzite both on the catchment and on the bed of the lake have extremely damaging
impact on the water body.

1 INTERFERENCE IN DRAINAGE SY ®rédiivagecongestion caused by badly planned
construction of bridges , roads , railway tracts, hampers the flow of water and the
result is flood.

1 UNPLANNED RELEASE OF WATER FROM DAMS & POLICYrpIabieRl release
of water from dams lead to floods along with lack of integrated flood control measu
and inmmpetent 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 clinzatge.
Urbanization, thus leading to flood control only proves to make matters worse. Due to this,

10



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. Floodré&ntion
and mitigation includes structural flood control measures such as construction of dams or
river dikes and nosstructural measures such as flood forecasting and warning, flood hazard
and risk management, public participation and institutionabagement.etc.

Restoration of natural features of - Zoning and building codes.
H coichmgm like wetlands, forests and - Flood forecasting techniques.
: floodplains. :

: . " . i - Public awareness raising campaigns.
: - Cleaning of rivers and riverbanks. : )

: .......- Urban planning systems.
B i \V; A $

: - Channel improvements, embankments i Emergency response.

: and other defenses. :

: , : - Relocation and compensation.
: - Barriers , dams and storage structures. :

: : ; : - Temporary defenses.
: - Drainage infrastructures. : petaty

- Flood-proofing of buildings.

Figure4 Flood measures

Graduated Planning Controls

Flood Flood resistant
‘ resistant two-storey, high
; i single storey | rise residential,
(?ritical ; « houses ! industrial, |
u':ggzlstaelsg S = , commercial ’
evacuation | single storey | & ’ ]

centres ! houses ' ! i Agriculture, recreation, open
[ | 1 H space, some commercial

Figure5 Graduated Planning controls

1.4 Guidelinesn Sustainable Flood Prevention

TheUnited Nations and Economic Commissiom Europe (UN/ECHjave drawn up
a set ofGuidelines on Sustainable flood preventi¢®000). This is a document which offers
more strategic points than technical ones and is written in three parts, wherein parsisten
of the basic principles and apprdses. Part Il concerns how to translate and implement the
principles and approaches. While the conclusions are drawn in part Ill.
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There are a feweneral consideration$o be kept in mind, however, befe following
and implementing flood combl measures.

1 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 negueteent, and
control are maAmade occurrences which might pose an opportunity to worese
floodsand natural calamities.

1 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 fronbamisation, agcultural practices
and deforestation, have considerably changed the situation in whole river basins.

1 The flood risk increases where risk is defined as the probability of occurrence
multiplied by its impact. The impact of flooding increastb& impact offloods 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.

1 Flood protection is never absolute. Wdhiave to ke the unpredictability of nature
in mind. Flood protection is nevabsolute,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 sogi®isk manageent 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 industriaksit

The samedocument further deepens into giving certain measures that eeessaryfor
sustainable flood control management. A plan that is based on an integrated approach
covering all relevant aspects of water management, physical planning, landgrsajlture,
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 internationaljell as staéholders and civil society
should be involved.

The main practices that should be taken into account while drafting flood control
measures are as follows:

1 INTEGRATED RIVER BASIN APPROAB{derience has shown that effective
measure for flood pevention 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 poves 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 evats are neceswy: building codes and legislation to keep structures
away from floodprone areas, appropriate land use, adequately designed floodplains

12
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and flood control structures planning, mitigation, eawarning systems, correct risk
communication angreparednes®f the populations how to act during floods.

PUBLIC AWARENESS AND PUBLIC PARTICIPADIGdMNSs associated with floods
are often not sufficiently recognised and acknowledged. Communication plan to offer
individuals an understanding of theature and scpe 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 organisais at levelsof 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 measlirked to pblic
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, dotimprove 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 SODRUCTURAL MEASURERe storage déct of
vegetdion, soil, ground and wetlands has an important mitigating effect particularly
in minor or mediumscale floods. Each of these storage media is capable of retaining
certain quantities of water for a certain length of time. A large naturaiegje capacity
provides slow rises in water levels and comparatively minor floods. Retaining water
on the natural media should have priority over swift water 4affi In some cases, in

the event of heavy and lasting rainfall, natural storage impact is rfelevant as
regards the reduction iflow butis 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 &djyeeconnet

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 thel$aape, revesing
GKS AGNIAIKGSYyAYy3a 2F gl GSNO2dz2NBSa FyR
work relating to draining swamp lands and drying damp and unsanitary land shall be
considered as contrary to the objective of flood prevention.

LAND USEZONING AND BK ASSESSMENMmprove 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 andmapping of haardsll and highisk areas intoland 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 waterays. Stoppinguilding 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 stringenecessity.

STRUCTURAL MEASURES AND THEIR IMBé@dlement 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
implementationmust refer to a systematic planning-ocodination. The use of nen
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. Thedvel of deploynent 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 EMERGEN@vmMprehensive nationaha localcontingency 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: amgsatioral schemes with a
clear allocation of responsibilities and authorisations on each level, preparation and
provision of information for the crisis management of laggale and local disasters;
sources of and access to rdahe information. Evacuabn plansshould 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 POUOMNI- 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 sdlans shauld 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 lmperly pepared 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 Arourttde World

NORTH AMERICA

- An elaborate system of flood way defences can be found in @anadian
provinceof Manitoba. TheRed Riveflows northward from theJnited States, passing
through the city oWinnipeg(where it meets théAssiniboine River) and inteake Winnipeg.
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To proect the city fom 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 mamhmetwork of unnel works as the city's

ambitious flood management system. Comprising of two massive tunnels, known as the
Metropolitan Area Outer Underground Discharge Tunnel erGans project, and the
CdzNHz] I 61 wS&aSNI2ANE ¢ 2 %ed 8n@ af thdrfo? @iRakkglie citye A3 G SY
flood control systems in the world. The-@ans Project was completed by 6 different
construction firms in 2006 and cost around $3 billion US dollars. The completed structure is
enormous ands estimated to have halvedfhd damage siresconstruction finished.

EUROPE

1 London is protected from flooding by a huge mechanical barrier across the River
Thames, which is raised when the water level reaches a ceytaim.

1 Venice has a similar arrangement, although it is alreathble to cope vth very high
tides. Thedefencesof both London and Venice will be rendered inadequate if sea
levels continue to rise.

1 The largest and most elaborate flodéfencescan be found in the Netherlands.

1.6 Case Studies

1.6.1METROPOLITAN AREA OUTER UNDERCRISCHARGE CHANNREKYO, JAPAN

Tokyo, one of the densest cities on the planet, is home to one of the most ambitious and
enormous floodcontrol systems ever created. And it is almost entirely invisible to Tokyo
residens. It is the main water tank afie Metropolitan Area Outer Underground Discharge
Channefacility in Kasukabe City, 19 miles north of Tokyo, Japan, which is one of the most
FlLY2dzda 6F GSNI AYFNI &0G§NHOG dzNBE O2 YLI Sétground (KS ¢
flood diversion facily.

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 siofdds 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 GCans Project

/| 2YYA&aaA2yYySR AY MphPHE O2yaildiNHzOYE 2y yo Su3pgdd d2y

concept was relavely 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 massieyanded underground.

Figure6 The underground of the-Gans

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, sgcious enough to park a space shuttle. These cisternscmeected by

6.5 kilometresof 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 pressureontrolled tank. This tank measur&37 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.

Overall configuration diagram No. 18 water channel JIBll Naka River Koumatsu River
25m?® per second , 100 m* per second 6.2 m” per second
Edo River inm e gf maxagn

-
\ m

Drainage pump station
200 m* per second

No. 4 bank Moz bank

No. 3 bank

No. 2 bank

Overall length 6.3 km
L} »

No. 1 bank
@

Figure7 Overall configurdbn
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Figure8 Overall layout othe 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 agaoThe
pressurized nature of the tank allows the systemegulate 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.d8yne estimates, the Gan flood control
system has cutdlod 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 gw 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, glanned construction of tunnels cannot be made, sincer¢heill 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 cland porous rocky soil nearby one another, making thecsddulation
tedious for the entire project, with no one predefingidesets

1.6.2 ROOM FOR RIVER SCHEME, NETHERLANDS

One of the most infamous examples, and often thought to be the beshpiaof 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 wateithstainake sure that
a similar tragedy did not befall them again.
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Sine 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 KS O2dzy iNE Ay Of dzRS GKS Ww22Y F2NJ wi @S
government around $2.8 billiordollars andfeatures 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 mdjoods 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 worldeyidnd the Dutch are leading the way
in water management engineering. Only €rcent 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 olddod control measure) was about confining rivers and
building and strengtheninthe 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 volumesfovater are entering the country. It's not fighting against water; it is
livingwith water.

FigurelO. The Maeslantkering, an immense sea gate to protect Rotterdam.
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Cities now use parks armiblic spaces as emergency reservoirs for floodwaters created by
severe rainfall. For storm surges from the ocean, they are changingappioach from a

purely defensive system to one that prepares for the failure of these systembat is called

I avdEE SGSE LINRPGSOGA2Yy dé ¢KS FTANROG fSOSt Aa
systems and the second level is the urban and sppl#nning.

These steps have included relocating dykes, lowering levels of floodplains in depth and, in
some casestelocating inhabitants to nofloodplain areas. Large numbers of inhabitants

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

Dutch waterways.

Though it may sound like the move would face severe kickback froermgoent and locals,
the flood management initiatives in the country actually receive enormous support from the
government, and general undganding and appreciation from the affected population.

1.7 LiteratureStudy

The concept of phytodepuration or ptoyemediation has been extensively researched in the
field of waste water purification and industrial waste water treatment. Thoughciecept

has not been used for the purification of rain and flood waters, it is safe to proceed forward
with the assumptn that the same concept and research results of the performances of the
plants and the entire treatment system as a whole is suitatnéte 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 nchi.com by Priyanka Saha, Omkar Shinde and Supriya Sarkar on the
topic ofd t K& (0 2 NB YFS RMyF Ridk320yNA2 £ YA Y S& g ashdvdhe 0 S NJ dz
extensive usage and purification of hyacinth plant for the purificatiomndfistrial waste

water in the Sukinda Chromite Mines in Orissa, India. The water in the mines are filled with
highly toxc Hexavalent Chromium (Cr Wastewater from chromiunrtontaminated mines

exhibit potential threats for biotic community in the vidini A water hyacinth species
Eichhornia crassipes was chosen to remediate the problem of Cr (VI) pollution from
wastewaer. 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 platramy removed hexavalent Cr, but is

also capable of reducing total dissolved solids (TDS), biological oxygen den@yl (B
chemical oxygen demand (COD), and other elements of water also.-d@aigeexperiment

was also performed using 100 L of water fr&@GM and the same removal efficiency was
achieved.

The paper published in the International Conference on Water Respu@mastal and Ocean
Engineering, 2015 by Samson Ojoawo, Gaddale Udayakumar and Pushparaj Naik on the topic
2 FPhytoremediation of Pbsphorus and nitrogen with Canna@y&neralis Reeds in Domestic
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Wastewater through NMAMITonstructed Wetlanél S E Lbe méathod andi advantages
involved in phytoremediation or phytodepuration using canna x genralis for the removal of
phosphorous and nitrgen in the wastewater from the NMAM institute of Technology. The
results thus obtained form this research shows the @ase 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 paers were done with localized research in India, with plants available and
suitable for the Indian ecosystem. These aitans not only act as pilot programs for our
project, but also provide valuable research data, without which, obtaining them woulel hav
been time consuming process. The third research paper is the doctoral research of Jessica
Tamiazzo from the universi®# ¥ ! YA GSNERAG& 5S3ft A { &wdRalionRA t | |
of phytodepuration intensified systems for the treatment of agricultuemd livestock
wastewaters dzy RSNJ (G KS RSLI NLYSYyG 2F ! IANRy2Ye
Environment. This paper dés with the research of purification of waste water from the pig
breeding industry through natural filtration and phytodepuration preseThis 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 usingater hyacinth

The experiments were conducted in a series of rectangular plastic container containing 5 and
100 L of weer from SCM, respectively, at an ambient temperature range3R25C). 250 g (for

5 L water) of fresh biomass of Eichhornia crassipesau#tured in a tub for the period of 7
days, whereas one of them was used as control and again the fresh biomasste@gano

the following experiments. Plastic jar with only SCM effluent (not using plant) was used as
control. The test durations were (nftial day), 5, 10, and 15 days, respectively. Deionized
water was added daily to compensate the water loss throughtgi@anspiration, sampling,

and evaporation. The changes in pH, TDS, and Cr(VI) concentrations were determined at
regular intervals. Afir the completion of each test duration, E. crassipes were separated into
leaves, shoots, and roots for the analysi€aofVl) accumulation, biconcentration factor. The

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

the plant. After each experiment, plants were recycled for the next experiment. This is
repeated %6 times. After aertain time, aquatic plants were harvested. If the plants are not
harvested then after their death and decomposition, nutrients wilrbleased back into the
water system. Therefore, regular harvesting was done to avoid this process of release back of
nutrients. After getting successful results, largeale experiment carried out in 100 L
chromiumcontaminated processed water from SCMr Fhis experiment, 5 kg (for 100 L
water) of fresh biomass of Exassipes was used.

The table given below sks the vdues obtained before and after the phytodepuration
process, over a time period of 15 days. These values are then compared to obtaietthe
reduction in each of the chemicals or factors associated with the untreated water over the
treated water. This typef 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 lowecs the flood water expected
is from an urban area, with lower possibility for high presence of Cr VI.

Parameters Initial (ODay) value Conc (ppm) Mean Final (15Day) Conc (ppm) Mean

SE SE
Ca 16 + 0.45 10 £ 0.45
Mg 46.23 + 0.07 32 +0.45
Fe <0.001 <0.001
SiQ 30 +0.45 24 +0.45™
sQrt 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*

Tablel Before/After Phytodepuration charactstics.
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Figurell 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 prboesd sot be
sending saline water below tlggound, 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.
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Figure 12 Cr VI contet 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 standed experiment data, it was observed that, lawer 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%
hexatirome from water. In addition to that, inase of other standard solutions (0Gg5mg/L)
maximum 1@15 days were required to remove chromium as compared to 20 days required
at higher concentration (5 mg/L)
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Figurel3Ph value ofvater per days

The table above indicates ¢hbalancing 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 neutraé\ald.2¢ 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 waacrease 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 @&iiyetg

The input, output values alm with the reduction factor for BOD, COD and pH are given in
the tablein the following page
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SCM pH Mean + BOD (mg/L) 27°@days Mean COD (mg/L) 27*@days Mean
water SE + SE + SE
O day 8.26 + 352 +0.45 423 £ 0.45
0.0089
15day 7.5+0.089 176 +0.45™ 279 + 0.45™

Table2 General Chemical Properties Reduction Fagkxp 1

To mimic an average situation, a more realistic situation and worst case scetitidment
ppm quantities of the chemical chromium VI are added to the water and tested for the same.
The resultsare as given below.

Standard chromium solution (ppm 5 day 10day 15day

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 £+ 0.00€ 0.67 + 0.004 0.92 +0.006~
5.0 0.2 £0.045 0.45+0.004 0.67 +0.004

Table3 CrReductiorover 15 days
CNRY (GKS 02@S GrotSs AG Aa @OAaAroftS GKIG GKS
around 0.70.9 ppm, which is within the usable limit for general purpose, not for potable
purpose. Further natural purification occurring under theund 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 cangakeassfood sice

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

GKS LIXIFyda 3aINBg RARYQH KIS YdzOK OKSYAOFt 02
chemicals since it will be toxic and can causébfmms when igested. 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 proces®st of the poject, 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 iastalled with a drain pipe in a

bed of pebbles or gravels and sand layers, uptbicth the native vegetation is planted. The
vegetation may be emergent macrophyte, floating plant or submerged plant species. To
prevent pollution of the underground water bexath the wetland, an impermeable
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membrane is provided at the bottom. According to (Baskar et al., 2@id)hasic types of
treatment wetlands are free water surface (FWS) wetland and subsurface flow (SSF) wetland.
The SSF constructed wetlandusther classified into horizontal subsurface flow (HSSF) and
vertical subsurface flow (VSSF). When the wastewater is channeled to flow thtbegh
constructed wetland, it is treated by the various processes of sedimentation, filtration,
oxidation, reduction, adsotpn, precipitation, bacterialmetabolism, nitrification, de
nitrification, and plant uptake. Constructed wetlands have the potential to treat a variety of
wastewaterdoy removing organics, suspended solids, pathogens, nutrients and heavy.metals
Evapotraspiration may significantlyeduce the amount of discharged flow and may influence
the removal rate of nutrients from constructed wetlands

Sludge drymg
N bed
Raw sewage
B Equalization Aeration Settling
ar screen > -
tank tank tank
Pump house :
Treated water tank (Chlorination and Collecting
water tanl
pressure filter)
Reed hed Polished watertank | polished effluent
Figurel4 Flow of phytoremediation
Average results (min — max)
Phenolic
Sample/Standards Tempe- Turbidity pH Nitrate (mg/l)  Phosphate (mg/l) Compounds
rapture (NTU) (mg/l)
(°C)
RWI 321314 40(37-42)  671(636- 1300 (1213—  192(1.73 - 4520 (42.1 -
-323) 6.99) 139.4) 2.12) 47.2)
PrePhyto 32.0(31.5 30(23-42) 6.73 (6.44 - 108.0 (93.4 - 1.78 (1.74 - 38.00 (35.4 -
3235) 7.19) 123.5) 1.82) 40.0)
PostPhyto 314 (31.2 20(18-21) 6.76 (6.71 52.0(32.9 1.62 (1.56 37.62 (34.7
-32.0) 6.84) 67.8) 1.69) 39.5)
WTPFE 30.7 (30.5 20(18-21) 6.30 (5.98 20.0(14.4 1.56 (1.43 10.00 (9.5 -10.5)
-30.9) 6.50) 23.5) 1.66)
™ 28.7 (28.5 22(2.1-23) 6.60 (6.64 — 22.0(18.5 - N.D N.D
28.9) 7.0) 26.4)
% reduction in PrePhyto and 1.9 333 -04 51.9 8.9 1.0
PostPhyto values
EPA Effluent Standard limits Below 35 N/A 6.00-9.00 50.0 4.00 1.00

Note: N/A = Not Accessed; N/D = Not Detected

Table4 General Chemical Ryerties REductin FactqrExp 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 dbe 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 gnas are as given below.

50
30
20 ‘ = o —&—PrePhyto

10 —{li—PostPhyto
0 .

Figurel5NTU 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 gohytodepuration fluctuates inthe 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 notabld th& reduction factor
changes with different plants and an extensive research is needed to determine the most
optimal plant.

7.4

7.2 »—
7

6.8 -
6.4 -

== PostPhyto
6.2

Figurel6 pH balance over 4 weeks.

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

the pH neutral value of @ 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 nelization occurs in the water.
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Figurel7 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 itteeds. Ths 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 lger ppm & 75 ¢ 50 takes longer period when compared to

the reduction from 50 to 25, making it a steeper slope in the soluble end.
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Figurel8 Phosphate content over 4 weeks.

Finally, the above table gives the changes in the phatpltontent in the solution. A
fluctuation is seen between the weeksd 2 ¢ 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 wat&his ph@omenon 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 undergoeger phobsynthesis 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. Withesearchegliversified 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 poject 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 ofhe pigbreeding 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 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 o\&mn#éeks in case of
flooding waters, where the flow reversal will occur only after the ranqx andjust 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 CONTR@MOUGH MATRIX DRAIN SYSTEM AND
PHYTODEPURATIVE FLOW REVERSAL

Objectivesg

1 To perform SWOT analysis on the phytodepuration module in the Mumba Cityj
Context.

1 To report the geographical lodah and associated properties of the module.

1 To describe and highlight the workingtbg entire phytodepurative module in an
abridged report.

This project of'Active Flood Control through Matrix drain system and Phytodepurative
Flow Reversaladims to achieve the target of active flood control along with ground water
regeneration. Thisproject, in collaboration with Politecnico di Milano and festher
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 sbaonditions in the city of
Mumbai, India, while effectively coralling seasonafloods. This project aims to produce a
module, a primary design that can be modified in accordance with ther@mwental
requirements of the city for which active flood dowl 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. Tdpet tf
achieving groundwvater regenerationis achieved by dw reversal, wherein the water is
pumped down through artifial force or by gravitational infiltration through shafts into the
aquifers or ground water table. This water is preliminarily purifieé?bytodepurationwhere

the water is purified by the plds, aselfsustainingprocess.

In addition to the desigf the project module, the flood & Rainfall calculator is designed
and submitted. Also, many contractors we@ntacted,and a model tender cal formulated
obtaining prices and supply plafer the many parts of the project. Total cost plal 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 conceptRbfytodepuration- Phytoremediation is modified
as hydroponics, where the plants not only purify the water, but @lsmluce high yields in
cash crops, with little to no soil. This concept is introduced to enable an astimeomic
growth in rural areas, achieving economicastsinability.

The project is aimed not only imdia but also in other southAsiancountries, which
experience high rainfall and flood occurrence, with the aim of achieving total or global
sustainability througtSocial Environmental and Economicalsiinability of the considered
region. Through this project, we submit a proposal for the éettent of the city of Mumbai
through the flood control and ground water regeneration with our module.
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2.1SWOT Analysis

Strengths

* Effective flood control and

minimizing of economical loss

* Improved Environmental Conditions
* Future proof project, with minimal

renovation required

* Cheap and environment friendly

materials and solution

Weaknesses

* Long implementation procedures

* Red tape issues

* Heavy investment required

* Aimed for floods that occur rarely yet

produce heavy damages

Opportunities Threats

* Improved Social and environmental * Government bureaucracy

Sustainability * Change in environmental conditions

* Improved social involvement due to global warming

* An initiative for total sustainability of
Mumbai and other following cities

* Increased employment rate in the

region’

* Long process of installation

Figurel9 SWOT Analysis of the project

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

2. Improved Environmental Conditions The implementation of this project will not
only effectively control tk flooding but will also improve the environmental conditions of the
area, since the project has many green solutions andtioimg, 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 fbe drainage problem of the city as well as one

of the possible solutions for the draught problems faced by many cities in dinéidao high
consumption rates of the ground water. The materials used in this project will be
environmentally sustainable andave long life span, which means they are suitable for
possible increase in the intake and usage due to the expansion of thencitits population

thus making it future proof. Since the project utilizes high quality plastics and components
with high seviceability, they are easy to maintain and repair, meaning less cost in the overall
run of the project.

4. Cheap and environmentakiendly materials: The materials used in the project are
selected or designed to be environmental friendly since the whoipgse of the project is to
achieve effective flood control through total sustainability. Materials such as hydrophilic
concrete anl High Density Poly Ethylene Plastics are used for the construction of tanks and

* Social unawareness and uninterest



the pipeline system for the whole project. iSlkensures that there is no green house effect or
soil pollution taking place due to the project. The materials used are alsochegp to
manufacture and assemble on the site since they are of basic forms and high availability in the
region. The labourdrce is also highly competitive in the case of cost due to local availability
and surplus supply. Also considering the trade rewrd 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 ProcessThe 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. @ubining this with the changing political climate in the
region durhg 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 cdmtdhuge and in
some cases, the project could be halted for an indefinite period.

2. Red Tape IssuesThe term red tape refers to the smaller steps in administration and approval
process. Mis also refers to the huge corruption problem in India, wheredoy 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 apprasa sh
shifted around many days due to the delays and payment sssnéer 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. Heavylnvestment: The investment required for this project is high ahd 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 aretfinydhe
central or state government. The payback system for th@sgects 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. Theypbeaendered and contracted
with the funding for the entire proceswiith or without micremanaging 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 threatrsie the project will be operational only during this period. Ialiso
YSYGA2y o6t S GKFEG GKS LINRP2SOGQa TFdzZ-10yeaisISNI (A 2
where the flood is very high due to climate change and other factors. These factorswill al
be very crucial in determining the economical loss and humandusided 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 thet&e project is designed for the
most probable worst case scenaribereby keeping the cost lower.

Opportunities :
1. Improved social and environmental sustainability Although the project is aimed towards
effective control of flood, the byproducts of tle project / system are also worth mentioning.

Through the system ofimplementation 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 lgrinform the public about the scope and operations of
the projectbut 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.

Improved social involvement The process of involving the youth aifeé 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 teolgied suchas mobile
phones for information systems by the publia 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 accountabditd the responsibilities of the
local authority and the operatingbody, keeping them in check. This increases the
transparency and efficiency of the system.

Flagship Initiative The project being a new and innovative idea, based on phytodepuration
and ground water regeneration will attract many cities to follow saitd 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 arénein way to become

smart cities. This project and its system wil 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 largeescal

Increased Employment As mentioned further down the projeat 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, therebydéasing the employment

rate of the locality. This coupled with tli@ct 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 projecttalso for their future employments.

Threats :
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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. Thisould potentially change the rate at which theoject is
implemented in various regions in the country, meaning an unstable and unpredictable initial
stages in the entire project on various locations.

Changing Climate : The constant change in the clitea 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, causingdsien changes in the climate . This might inceeas

the rainfall or make the land arid and turn it into a desert in the future, making the project
either inefficient or unnecessary.

Social Unawareness and disinterestThe social sustainability could no¢ leasily achieved
due to the vast difference irthe 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 retprge efforts to
crease an effective means of aveness.



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 localdeats 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 congiruatid operation.

2.2 Mumbai Cityc Module

Where are we?

Figure20 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, whitows 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.

33



Module Site Location

Figure21 Boundaries of the module
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Since it is nopossible to testhis module in the entire
city of Mumbai, an area of 4 sgq.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 beeeasy 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 ourcore module sitewhich would
locate the main purification tank and water collection
systems, with other recreational activities for the public.
The piping syems laid acrosshe 4sg.km region will
converge at this module site.
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The module will not only consist of technical elements like water collection and phytodepuration
tanks. Efforts have been made bwing in public involvement for this project, nonly at the
congruction 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 pulic spaces for recreational use. This initiative will aim to combine the technical
and social aspectsThe social features of this park will attract more people and by actively
displaying the technical facets of the flood control systemwjlithelp in speading 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 grouagsarphsetc

anda visitor centre which will provide all the information regarding this project and guide people
around the park in general.

Figure22 The phytodepuration tank of the module

The regeneration tank will act as open museum whicwill 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 ma&maf which will be ¢ inspire

the reades to get involved in this process.
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Figure23 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 interactiveoards will make @we 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.

[P S 3l

bif - ¢ @ 18]

Figure24 Information display sstem
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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 isgec

offers a solution totie public in a veryasyto-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 maintecaipoints. A person just needs to scan this code i

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

Figure25 QR code Bollards



3 TECHNICAL DETAILS AND RAINFALL CALCULATION

Objectives;

1 To explain the layout and the functis of the module, in both network schematics and in
descriptive cum figurative process.

1 To perform all necessary calculations for rainfall quantity, tank and pipeline deisign
development of a basic trulation tool.

3.1 FloodModule Working Networlind Process

Rainfall
e 2% Occurence

“ Surface Roof Runoff
Ty Collection collection

] ) Surface - 1 1 & 1 Artillery
J Inlets % N ﬁ ¢ Pipes
Drain
Collection
in the |
~ Main Pipe
| 1
Free Flow of Blockage in FLow of
oo Water water
1
N O 1
% Divertion Retention in
into other ' the Dipes
routes pIp

Repair
works
initiated

1
<500 mm ,@ >500 mm
rainfall /24 h Vet rainfall / 24
T n

Brapetho Channeled
&%ﬁ%puraﬁon @ into Mithi
strata River

Figure26. Flow of Process
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3.1.1.Process
RainfallOccurrence:

During the monsoon seasons in south east Asian countries, unpredictable rainfall will occur
with great intensities, flooding thstreets in less than a dagnalysinghe flood patterns and

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

with which,the operational period of the flood module can be determined. This period will
be aucial in determining the effective start and finish of the active working of the pumps and
also in determining the channel dirson works, closure of the side activities of the lakes,
setting ofperimetersof safety around the impact area etc.

During ths stage, in between the period of rainfall is determined and is about to start, the
module servicemen will take predetermineteps or orders in order for the module to work
aSlyftSaate ogAGK2dzi Fyeé AYyiSNFSNByOSapark KS
playground or any recreational function will be stopped and the particular area of module
catchment i.e. the area ofhe tank and its depthup to which the rainwater collected is
expected to be stored, is blocked off for the public and all hybalyic 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 factoirsafety-oriented estimation of water
depth in the module is determined arrélevant safety measures are done based on that in
the module. The depth determined by the detailed calculation is then ipligt 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 coury that the module is used. Since this type of urban reservoir has not
been implemented in S.E.A. countries before, newarai 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.

Collecton of rainwater:

The rainwater collection process is of multiple variation and methods, with the most common
being the road surfaceollection and the roof top collection. For the sake of the project, other
means of rainfall collection such as river cdil@t, agricultural areas etc are avoided. The
rainfall collected by the surface runoff and the roof top amounts to the majorith@fvater

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

The rainwater that washes off the sides of the buildiregmecially 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 roff of water along the facing side is compensated by the very
low runoff of water on the opposite side, since the water falls fant 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
FNBF 2F (GKS dzNBlFy &LINI gf 2N 6KS Y2RdzZ SQa Ol
guantity of that area by the rainfall intesity and the time period considered. This method is
used in this project since the calculation based on the wind velocidyveind 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 sprawhethod to make any significant mark, it is
discarded in this project. Finally, the overall quantity of the water from the rairsfaiken

with a higher approximation with F.O.S. to include a margin for errors and safety in situations
where there is anyromaly in the predicted rainfall intensity resulting in a surge of total rain
water quantity.

Inlets:

The rainwatercollected through the surface method needs to reach the collecting
pipes without any hinderance. For that, a compound me#dt is designed to allv the water
to freely flow into the pipe without collecting any debris along the way. These inlets am fitte
along the pavements or walkways of the sides of the roads, practically hidden to the naked
eye. The section of the pathwdlat is containing the water inlet is marked offrfa small
area to contain the mesh removal mechanism and will also host thenmafiton QR code and
other relevant data regarding the same.

The inlet module as shown in the figure shows how the moutthefinlet varies vastly in
comparison with the regular drain inlets in India. These mesh type inlets are common in
European and Ameran continent but is rather rare in the S.E.A. countries where there is no
standard regulation in this case. Due to theklla€ inlet mesh, the subsurface rain water drain

is always blocked by the debrisathare collected along the water. This not onlgss the flow

of water but also poses a threat the increase in the water pressure in certain sections of
the pipe, resuling in burstsThis increase in the pressure along the pipe not nly causes bursts
but also weakens the network and puts higher floate 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 distaa from each other to collect the debris effectively.
The larger size mesh will remove the larger particles, usually asyigpivaste floating along

the flow. The streamlined shape of the larger mesh helps in pushing aside the wastes and
contaminants awg from the mouth so as to avoid amyockage neathat region. Blockage
along this region will also be harmful to the netwaand 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 desigd to avoid such incidents in the first place, with a motive
GLINSOSYGA2y A& o0SGGSNI GKIyYy Odz2NBé¢ @
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The smaller mesh is used to preveitit-sreating particles and finer plastics from entering the
pipe and this section of the pipe is removable for cleaning emra@ihtenance purpose. A
removable cage is used to enable this mechanism and is marked with its planned serial
number and code, so de be easily identifiable by both the authorities and the people. The
filtrate selected for this part is of high corrosioasistance nature and high compressive
strength inorder 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 carriedt in order to keep the entire project in its peak
conditions to avoid any failures.

The top section of the filter module is madg of analuminiumplaque, containing all the
information of the module such as its location, carrying capacity of the niétwoterlinked

pipe line map and other information available to the public and the relevant authorities. The
module also consist§@a QR code, unique for each module throughout the city, which digitally
consists of all the relevant information. Thisasensure that there is an open transparency
between the public and the authorities, available much more easily.

In the case of a bltkage, the people of that area can just scan thecQd with their mobile

LIK2y Saz gKAOK gAff f pagd ardddysiled in dith alkHe relevd® 2 S O G ¢
information of that module, such as the location, pressure capacity etc. All theergsitlave

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

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

the complainant. This process enables in clear and easyeps of peoplenanagedproject,

making the people responsible and aware of the project. This is also one of the minsr step

in the social sustainability of the project.

There are other inlets such as the one shown below, much common in the region gedside
This type of inlet is used in areas where there is no possibility f minor contaminants entering
the pipe system such asajor urban roads and integity highways. The usage of these inlets
cum manholes wherever possible will reduce the costs thusaieduthe overall cost of the
project. It is also notable that these inlets have a wenglife time and do not require mut
maintenance and help in the aesthetics of the city.
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Figure27 Inlets form the road

Figure28Inlets 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, themfedm these roofs
are highly critical. The water from these roofs are collected througheastipipes, 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 ordertain South Indian States, the rain
water is harvested. During the political period in 80€he 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 harvestirgystem, with which the rain water is collected by pipes and sent
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into a pit containing grave| coarse and fines sand, before it is sent into the soil, regenerating
the substrata water content. The sand and stones will act as natural filter materiige w
the entire system acts as a domestic flow regeneration process.

Although this rainwaterharvesting 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 thenodification necessary is just to connect the outlet pipe of the existing
harvesting systemwhich 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 alsothadroblem of overflow into the ground
due to very slow ground penetration processgating domestic floods within the compound

of the building. In recent times, with the increase in the flood frequency, this has resulted in
commercial buildings divertm their rainwater pipe into the sanitary output line, which
creates high volume of s¢ous 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 ay mishaps and to establish a common and uniform standard of quality. The
maintenanceof the artillery pipes will be made by the commercial building itself, similar to
the government decree issueth 2005, so as to encourage CSR and CER (Corporate
Environnental 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 locagovent
bodies!

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

one being used in the main collection pipe or of environmehbtady accepted plastics, so as

to ensure environmental sustainability. In recemends, somehighrise buildings have
aluminiumchannel conduits carrying the rainwatt® 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 spwl inthese regionds a FollowUp trend, where we just

have to ensure that it isding 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 wille connected to the main pipe through flexible and pressure
adjustable joints, fittel 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
rainfallintensity of that area considered. A pressure control is placed in order to enisate t
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 maigspi
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Main Collection Pip:

The rainwater collected through thabovementioned means will bechannelledto
the main pipeline running along the length of the road. The main pipeline is designed to carry
the rainwater in a fast way, with accanodation for storage during blockage andislen 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 whe the water is not flowing, the pipe isedigned 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 toeithhbouringhetworks.

The pipeline design calculation psovided 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 citjuohbai, with

the maximum rainfall being4Bmm 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
200dzNNByYy OS YR (GKS NBYI AYAY drhedeStimatdd Qverge 3 K
rainfall intensityis around 5660mm for 24 hours, considering which will give us few days of
retention in the pipes itself.

Main pipeline is made up of HDREHigh Density Poly Ethylene pipe, which has very high
strength for low thtkness and weightage. Also, its averafgsfian 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 cheageffecient
manufacturing process of thegipes, 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 andite 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, ayeheary and
require longer period for marfacturing 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 formatiagiltefand corrosion on the
bottom and thejoins 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 abovenentioned faults, the HDPE pipe is selected for thgqmtoas it is
better in an overall perspeive, 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 subsurfemi@age to the lowest, the
maximum diamete 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 calculatechtose the aboveanentioned dimensions by aallating

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 tevieefel

with the presswe capacity of the pipe (tensile) durinipdv of water, to avoid bursting and
pressureloading at certain loading.

The major considerations for the pipe designamgthe rainfall intensity which is taken as 500
mm per day, with F.O.S. for safety and ateasidered for the pipes. The area cormsid 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 oad measuring 30m by itself. The lengthttod 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.joint

For this calculation, minor lossestire 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 resultsvati} at any given time with varying
rainfall, wind effect and resulting rainwater discharge quantity. Hence, the entire ffionw

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 seen prominently when there is any bkage along the joint of

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

Figure29 Network of main collection pipes
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3.3 Flow cmditions in the pipe

3.3.1 Average Max Rainfall Condition 500mm:

Thesheet belowwas made by the rainfall calculations annexed, giving the detailed results
for the given area and rainfall considered. In this case, the average maximum rainfall
consicered for this project 500 mm is taken. It is seen that the flow of water through ®m O.
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 exlad. This situation is
considered as the ideal since the aimed response time by thairenen 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 sagnid is rare and not a common occurrence.
The storage situation is considered asiplér safety measure, to be prepared for therst-
casescenario.

Rainfall Module

Total Rainfall Quantity Pipe Retention Calculation
Area Considered (sg.m) 4015 Length of area (m) 73
Rainfall for 24 hr(mm) 500 Total Retention Period 3.5mins 210
Total Rainfall Quantity (cu.m) 2007.5 Quantity of water per period ~ 292.7604

\Continuous Rain Intensity (c 0.0232349$ Pipe Dimension Calculation
Radius 0.799125Max. Radi 0.8

\I\/Iin. Velocity (m/sec) O.42] Purchase Feasibility Feasible

Quantity of rain water per hour 83.64583
Quantity of rain water per sec  0.023234%
Minimum Radius for free flow  0.093857
Operational Feasibility Feasible

Total Area in Sq.m 400000(

Total Area Considered (sg.km)
Rainfall Considered for 24 hr 50
Pond Area (sq.m) 22000

Total Quantity of rain water (cu. 200000(
Pond capacity nneeded (cu.m) 200000(
Depth needed (m) 9.090909

Table5 Calculations foaveragemaximum rainfall(500mm

48



3.3.2 Extreme codition with rainfall at 943mm:

Thetable belowwas made by taking the maximum rainfall that had happened in Mumba
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 reteon period got reduced to almost 2
hours, whie 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 btithe retention of the rainwater is not possib&er 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 situatsimulated.
This extreme condition is consider@nly for the free flow and short retention periods and
not for many hours.

Rainfall Module

Total Rainfall Quantity Pipe Retention Calculation
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 (c 0.04382112 Pipe Dimension Calculation
Radius 0.79788Max. Radi 0.8
[Min. Velocity (m/sec) 0.4 Purchase Feasibility Feasible
Quantity of rain water per hour  157.756
Quantity of rain water per sec  0.043821
Minimum Radius for free flow  0.12889%
Operational Feasibility Feasible
Total Area in Sq.m 400000(
Total Area Considered (sg.km) Total Quantity of rain water (cu. 200000(
Rainfall Considered for 24 hr 50 Pond capacity nneeded (cu.m) 200000(
Pond Area (sq.m) 22000 Depth needed (m) 9.09090¢4

Table6 Calculations for extreme rainfall condition(943m)

3.3.3 Reallistic average rainfall condition 30m

Thetable belowwas made withconsidering 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 designedrfthe actual values mawil 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.
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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 paranmats 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 mudtiple conditions could beperformed and simulated, these three conditions
(943mm, 500mm, 30mm) were usear fthe 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 calcutat 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 Wwafailowing 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 althougimple, is done with manysaumptions 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 proded to regulate the flow. Ko, 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.

Rainfall Module

Total Rainfall Quantity Pipe Retention Calculation
Area Considered (sg.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 (c 0.0013941r Pipe Dimension Calculation
Radius 0.796839MVlax. Rad 0.8
[Min. Velocity (m/sec) 0.47 Purchase Feasibility Feasible
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 Sg.m 400000(
Total Area Considered (sg.km) Total Quantity of rain water (cu. 200000(
Rainfall Considered for 24 hr 50 Pond capacity nneeded (cu.m) 200000(
Pond Area (sg.m) 22000 Depth needed (m) 9.090909

Table7 Calculation for ralistic rainfall conditior§Omm)
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Figure30 RainfaltPipe capacity relationship



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 collectel 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 aneajdlume of rainfall
occurs in that region and also from the historical data the average rainfalltatfles in
Mumbai are designed in a standardized rectangular shape or quadrilateral since all the streets
in Mumbai are of a regular shape and they arkimllinear nature these quadrilateral or
rectangular tanks will be much usable in order to reducegp&ce 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 locatiorto location depending on rain water quantity that is seen in our
location and also considering otherfesy 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 bcation of the inlets will vary.

Figure31 Collection tank of the module
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35 Rainfall Calculation

The typicalainfall pattern was anaged and used to formulate the calculative module for

our project. The module is digged to be helpful on calculating the rainwater quantity, flow
rate, retention feasibility, pipe design etc. The calculations and formula usiéx imodule
are as given below.

35.1 Pipeline Network Calculation

A

53

Total Rainfall Quanty:

€=XXA ()

€ = Rainfall considered for period T (mm) x Area Considered (sg.km) x 0.001 x 0.001
& XXXXo [ dzd1 Y (1.1)

(or)

€ = Rainfall considered for period T (mm) x Area Considered (sg.m) x 0.001

& XXXX OdzdY (1.2)

Minimum Velody of water flow inpipes to avoid silting (or) formation of silts = 0.42
m/sec

[ SY3dGK 2F tALIS I XXXXd YI AyLdzi GKNERdJzAK
Total Retention periodl' X X X X ®d® K2 dzNARX 3IA GBSy | & Ay Lz

Quantity of water obtained through rainfall for that period ¢ Total Rainfall\@ntity
for the area for the retention period desired.

Q=K OHNKAULOOdzdY (2)

Pipe Calculation

Drain Pipe Radius (m) = Rootf(cu.m)per Pi (3.14) per Length (m) per number of
pipes (no unit)

i.e R(m)= Q/(P.x3.14 x B)? 3)

Quantty of rain per second in the considered area + Total Rainfall Quantity by
24*60*60

€s=8& /(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 ( nmits)
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Prminz(és/( PLx 3-14)(5)_2 (5)

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

SIFF ndy > aCSFaAofSéx ab2i CSIarofeséo
Here the ¥0.8 states the conditiomnd 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.

Operational Feasibility :

The operational feasibility is calculated similar he fpurchase 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 callations and the P. The statement is as follows

=IF(Pmn<RE A CSIF aAoftSé>x ab2i CSFaArof @ oP

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 atrttainum 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.

Depuration Tak Catulation

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

Total Rainfall Quantitg (mm) = Given as Input

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

Total Rainfall Quantity for catchment area TR&mer= Rainfall intensity (mm) x Total
Area of catchment (sg.m) (8)

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

D = TR&tchmen! Pond Area (9)



The average rainfall experienced by Mumbai is given as 839mmaeth, which is taken for

the month of July, the wettest period per year. Tmgurn 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 altie hold the water by itself without the need for a

tank over 410 minutes. This scenariotbhe 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 allnterconnected, a blockage in one joint will lead to the water flow through
another route. h the wors 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 gherio
over the maximum rainfall, till the repairs are made.

Since the maximum rainfall of 944nmoccurred 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 beedesigned with the highest rainfall of 944 mm in consideration but
the retention period ignade 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
andunfeasible.

Low Flood Flow High Flood Flow

0.8 m radii

Figure32 Flow of flood water inside main collection pipe
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4. PHYTODEPURAYIO

Objectivesg

1 To define thephytodepuration process and its associated systems, the types
biological plants and the nature and types of phytoremediation systems.

1 To explain the whole phytodepuration process both in terms of biological an
methodological approach.

— Oxidised area
Water
0 |
v |
|
+
n"l 4
Root «+ CO
Reduced area O _‘,:‘_, e N
/ Fe* / Mno*

Oxidised Aerobic
rhizosphe soil
Figure33 Process of Phytodepuration

Phytodepuration is a natural treatment technique tha&produces natural purificatio
processes in a controlled environment. Phytodepuration systems have been deve
AaAYyO0S GUKS ynQa 620S |ttt Ay GKS !'{ Iy

Phytodepuration is arEco compatible depuration process well inserted withire
environmental reclaim context, directed to save energy, cut the costs, and to allo
reduction in water wastelt is a natural system for the depuration of sewage wz
projected to reproduce th natural depuration processes in a controlled setting.
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They are artificial little deep basins, often filled with inert material and fed with aq:
plants (macrophytes). These plants reproduce the natural purification processes tyg
humid areas The macrophytes can be floating, flooded or emergihg. Systems can hay
superficial or sulsuperficial streams and the stgduperficial stream can be horizontally
vertically oriented. Superficial streams support all the types of macrophytes, sebfisig
one only the emerging macrophytes.

-5 (1| —_— &, = ==l smj) OUT
PRETREATMENT PRIMARY INLET PHYTOPURIFICATION PLANT OUTLET
SEDIMENTATION  BOX BOX

Figure34 Flow of the process

Figure35 Typical phytodepuration tank

4.1 System Classifications:

4.1.1 Depending on Water flow:

-Superficiaflow

-Subsuperficial flow
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A Superficial stream (Free Water Surfad@)VS)

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. Wasteisate
pre-treated by grid filtration and primary sedimentation to remove thegkest 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 wita #imosphere. The upper
layer of the stream is in an aerobic condition, whites tdeeper layers are in anaerobic
conditions.

Aerobic and anaerobic microorganisms destroy organic material, suspended in the stream or
settled on its bottom. The nitrogen is m®ved by ammonification, nitrification,
denitrification, ammonia volatilizatioand 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 mineglpresent in the soil and by direct vegetal adsorption.
Chemicabphysical and iblogical processes remove metals from the water. The reduction in
the concentration of pathogenic microorganisms is carried out through the combined action
of physical, chemidaand biological factors (UV radiation, sedimentatigredation).

INLETBOX OUTLET BOX

Figure36 Typical Superficial stream tank

A Superficial stream with floating macrophytes

These are basins of depth ranging from 0.1 to 0.6 m witimgorermeable loamy soil bottom.

The plants growing in these systems shadow the water undenttevoiding 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 ¢dimd removal. This implies high labour costs and
biomass disposal problems.

A Superficial steam 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
YEOGSNRLEFE (G2 Fff2¢ Limsghe@sins@adcR s dadmpleiely in KSa S
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 dhis double action of solar raation on the surface and of the
flooding plants on the bottom of the basin. Besides the biomass require less frequent removal
and disposal.

A Subsurface Flow systems (SSF)

These are the most applied phytodepuration method<urope. Inert fillingnaterial 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 higkféciency, so they iguire 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 othe solar radiation isot present and the oxygen exchange with the ambient

air is blocked. To avoid the substrate occlusion atgratment of the wastewater is needed.

The frequency of vegetable mass substitution is low, thus avoiding a high bionaesadlis

A Sub superficiahorizontal flow systems (FSSF)

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 continuos flow and goes througtine 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 matiegéf
is removed by niification, denitrification, ammonia volatilization and root adsorption.
Metals and phosphorus are adsorbed on the inert material surface.

L1
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Figure37 A typical sub superficial horizontal flow tank

A Sub supeficial vertical flow systems (\GSF)

These are similar to the-BSF, 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 asibottom. Basin filling is not continus. Fillingemptying
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phases of the basin allow a higher oxygen concentration than in {88Hsystems, increasing
the efficiency of nitrification and organic material degradation. To have a continuous
purification pocess a second filter bed is needed ar collecting and regulating

Figure38 A typical sub superficial flow tank

| - Subsurface Flow systems (SSF)

Il - Leaching witHloating macrophytes

[l - Superficial stream with emerging

\‘,& macrophytes
) IV - Floating macrophytes

e
i
-

V - Flooded macrophytes

Figure39 Classification of tanks depending upon the flo
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PURIFICATION YIELDS

The first experiences with FWS systems had been made in the US and North America. They
showaverage efficiency of 71% for BE®moval, 77 % for COD removal, 5#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 inEurope frequently. The average efficiency is about 82% fos,BQE for CO@,3%

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 favoufablbe

nitrification process. On inert material few Fe, Al and Ca ions aesept, hindering
phosphorous removal. 43SF proved to be very efficient for suspended solids removal,

NBII OKAy3 (GKS ymx>Z FYR F2NJ YAONR2aHEI%Y A aYaQ NB

V-SSF systems are quite new and not very spread yet. They howevervshohigh organic
matter degradation: 92% for B@D87% for COD. The very efficient aeration of the filter
medium and the alternation of aerobic and anaerobic conditions allownaniac nitrogen
removal of 77%, nitrogen removal of 47% and phosphorous raiadw0%. Suspended solids
average removal is about 90%, bacteria removal is higher than 99%.

BUILDING AND MANAGING FEATURES

The construction of &hytodepuration system igquite simple. In FESF systems the filtration
bed slope should be rather low: Hte 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. Theleal particle size for the medium is between 8 and 16 mm and it
should be preminarily 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 -getbs.
Regarding wastewat distribution, in FWS systems wastewater is provided to the basin
trough tubes or open channels. IR$EF systems, wastewater is provided through holed pipes
disposed transvesely 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 aquatjglant species:

-Floating species
-Semi submerged species

-Submerged species
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A Floating Species:

Floatingleaved macrophytes have root system attached to sastrates or bottom of the
lake and stream and with leaves that float on the water surface. TRémets grow under
eutrophication conditions.

Some of the common floating species are,

Figure40 Lemna

Figure41 Azola
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Figure42 Victoria Regia

Figure43Nymphaena

Figure44 Wolfia spirodella
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Figure45 Potamogeton

A Emerging Species:

Anemergent planis one wheh grows inwater but which pierces the surface so that it is
partially in air. Collectively, such plants @mergent vegetation

This habit may have developed because the leavesphatosynthesizenore efficiently
above the shade afloudy 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 flyiginsects

There are many species of emergent plants, among them, the rebchgmite$, Cyperis
papyrus Typhaspeciesflowering rushandwild ricespecies. These may be found growing in
fens but usually less well owing to competition from other plants. Some species, such
aspurple loosestrife may gow in water as emergent plants but they are capable of
flourishing in fens or simply in damp ground

Figure46 Phragmites
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Figure48 Scirpus

Figure49 Thypa
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Figure50 Zizania

A Submerged

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

This tye of plants are commonly used in fishbowls. Theymmteused in water treatment
processes unlike other macrophytes

s

Figure51 Hydrilla

Figure52 Ceratophyllum
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Figure54 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 sgtem is anovelty 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 convenional 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 eutropteéfluentsfrom 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, andlasorbing igh amounts of heavy metals, therefalgese systemsvould be
valid to treat waste with those elements, choosing carefully plant species.

OXYGEN INJECTED INTO ROOTS FROM AIR FLOWING THROUGH
LEAVES DUE TO HYDROSTATIC PRESSURE GRADIENT

ORGANIC MATTER
PRODUCTION

CO2 FIXATION

INLET ' -
CO2 REDUCTION

EFFLUENT

HOMOGENMIZATION
box

CO2 REDUCTION

AND FIXATION Facultative zone

ROBIC RESPIRATION-DEAD MASS FERMENTATION

RECIRCULATION

Figure55 Typical floating filter

4.3 FMFSystem Description

The core of the syem isformed with a floatingplant 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 stibstrate 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 thewater overthe 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 dsorption

- Qay 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 predtion

- 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 bgoorganisns and plant
assimilation.
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5. HYDROPONICS

Objectivesc

1 To determine the nature and the scope of hydroponics, in respect to our busil
model for implementation in urban and rural scale.

1 To analyse the different approaches in tieehnical implementation of
hydroponics.

1 To impart hydroponics into phytodepuration model and to describe the proceq
associated with it.

The project, to define its adaptability, is modified to a smaller scale, which can be easily
managed anaperated by a small group of shedrm trained personnel, while giving higher
economicand 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
sdutions 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 waysTduncept is aimed at
very remote regions where direct phytodepuration is not possiblemaller scaled version
of the direct phytodepuration is modified into the hydroponics system, suitable for the
remote regions.

The phytodepuration system in our prafeaims to send the purified water into the ground

to actively control the flood and tcegenerate 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 workince the targeted area is of very high elevation and the soil is
very porous and rockydence 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
sugainability too.

The water thus obtained from the pipes will be collected in sparmanent tanks which will

provide the water later for hydroponics. It is notableaththis type of water reusage may be

primitive but using it for large scale hydroponicslwe an innovative step towards modern

day water reusgeand modern agriculture. The aim of flood control will be achieved in these
regions, along with improving thBi B3 A 2y Q& & 2 OA | f econdmiésrici®,y YSy ( |
moving the region towards sediustaining status, which is highly sought after in the present

and the future.
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5.1 Introduction oHydroponics

The proper definition ofhydroponics is the subset of hydroculture, growing plants
without soil. The main target ohydroponics in geeral 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 verfjaleasrablesoil
for agrculture.

A typicahydroculture 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 guit grown there ismaintained 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 monitorigparatus such aemperature monitor,PH
monitorsetc. 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
variationsdepending on the type diiydroponics follaved, 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 dhydroponics alhround 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

o0 Nutrient water supply
o pH maitoring
o]
o]

= =4 4 4

TDS moniring
Temperature, humidity monitoring
o Dalily cleaning phase
1 Maintenance and management phase
Reaping phase
1 Renewal / regeneration process.

=

1. Inspection of the site:

In this stage, the site or the environment is analyzed to determine the of plants thatan
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 regicss each system wihave 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, environmertalr a
etc are detemined 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 ecorahsustainabilityor that

NBEIAZ2Y D ¢KS LI IYyGiaQ @I NR2dz

dependency, impact are studied in this phase.
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The plants that can be grown in the hydroponics system easily are given below in the tabl
which also actgas the selection of plants for a typical hydroponics system in North India.

S.no.| Plant- Vegetable pH requirements | Hydroponics Scorg
Index

1 Lettuce- Lactuca sativa 6.0-7.0 9.5

2 Tomatoes Solanum lycopersicum | 5.56.5 7.5

3 Radisheg raphanus raphaistrum | 6.0-7.0 9

4 Kale- Brassica oleracea 5.56.5 9

5 Cucumbers Cucumis sativus 5.56.0 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 5.56.5 9.5
10 Mints - Mentha 5.56.0 8

11 Strawberry- Fragaria ananassa 6.0 7.5
12 Blueberries Cyanococcus 4.56.0 7

13 Pepper- Piper nigrum 5.56.0 7.5

In the above table, hydroponics score index is given to each plant by analyzing its ease in

Table8 Biological CharacteristiesPhytodepuration/Hydroponics suitedapls

installation and maintenance, its reaping period, water and suhligguirements, ease in
monitoring, period for reaping, overall harvesting period, fertilitgquirements 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 easaise and the pH flexibility, which means
that they can be grown in any condition in Indiaespective of temperature and moisture

nature of the area. This is suitable since one modular design of hydroponics system can be

implemented in many places, remjing little to no adjustments to the model.

3. Design and construction of the system:

A typial 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, & statage
system is placed, which will store the water for the system from the inlet. Hkfferent

72

~

a



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 teesort out the water, for
example, some tanks may contain water that is of acceptabldityuahile 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 wilbe immersed into the water for growth with many supporting structures and
monitoring devices. For our project, inorder to be environmentally friendly and sustainab
reused plastic drums are used for this purpose, which have higher lifespan and eass¢afto

and maintain.

4.
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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 usedfipr ma
plants, which are very cheap and easily available. They are also dowenyaintenance
hence highly preferred. Some plants require even lower installation process, like seedlings
which require only seed dissipation into the tanks.

Proper lighting andanoisture 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
availablen many nurseries in and around the region chosen. HDPE pipes are uséd here
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 carefutgen to
reduce the negative impact on the environment due to the usagdasttigs 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 émmwment is maintained inorder to
obtain the necessary ideal environmentlire project. These sensors measure many KPls

in the project to determine and make necessary corrections in the tank. The main KPIs are
as given below.



S.No.| KPI Unit | Purpose Device Needed

1 pH¢ Acidic/Basic Nature | - To determine the acidii pH meter (
or basic nature of the immersed or
solvent in the solution | reactive)

2 Temperature °C To determine thel Thermometer
temperature  of the| (industrial
solution precision)

3 TDSTotal Dissolved Salt | Ppm | To determine the total Submersive
dissolved particles in th| TDSmeter
solution, classified by thi
different particles

4 Absolute & Relativg g/m3 | To determine the watel Hygrometer

Humidity vapor present in the air

5 Ambient Solar Lig Lux | To determine the sola] Lux Meter
light available for
photosynthesis

Table9 Sensor KPIs.

5. Maintenance and managing phase:

The maintenance phase is predetermined depending on the type of system and the type of
the plant beingharvested. The maintenance of these systems are very general and require
little to no training on the human side, but may require trained professionatife sensors

and will likely decrease the cost if the local people are trained in this skill.

The maagement of these systems are done mainly by software which when connected to
the sensors will determine the performance levels, inputput 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 basicenutsidution
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 Fluit €arsend
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 problemsThis may be impractical in our situation dwethe 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 harvesnisted 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 thesystem

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 relaxationgpiod s 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 aldtation
of Ladakh, located ahe northern part of India, near the Himalayas.€eTproject aims to
address the socieconomicand environmental concerns of that region with our project. The
project will be modified to suit the location since it is madeofipocky 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 hyplomicstanks, 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 phytodegttion 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 witeprocess 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 emater 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 seanitonomous system installed. Finally, the harvest is
made,and the profit made through tis sysem, 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 aate®sing
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 amatrix dran 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 facey mraicisn
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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 potaitpublicinvestors 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
aspecs of hydrgonics 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 ileta
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 detailifther down this chapter.

5.3 Phytodepuration influenced hydropongssechnical Process:

A Location properties:

The region of Ladakh in the northern portion is considered for this project since it poses an
entirely different schematic properties when coamed 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 heilp portraying the scalability of the project.

A 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. $itoithe 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 similarite main poject 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.

Upper storage level

Figure56 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 @ase there is any bloage in one o

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 vimrge that 5 used in the construction

and installation phase, which will be explained further down.

A Preliminary storage unit:

The water collected through this network will be collected in a main tank, which has higher
capacity than that of the harvestirtgnk. 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 willve high nmeral 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 stp will be sat to the harvesting tanks.

A 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 planinggpwhich
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 progaath materal used

in this project is selected to belong lasting and environmentally friendly. Hence materials such
as HDPE plastic tanks and -biendly cement concrete is used to build the tanks for
harvesting.

It is notable that certain concrete maitefs are biefriendly and also facilitate the growth of
planktons and other microbial organisms along its surface. This type of growtie chrected

into the phytodepurative concept of purification of the water through plants, whereas these
planktons andmicrobial aganisms 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, thoal#ing faser and much

more efficient growth of the crops. Certain organizations such as Hwdno 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 e&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 keepingtdreresh
and aerated for the fishes tsurvive.

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 businesénp 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 growthill effectively indicate a positive or negative change in the
water tank.

The interior of the tanks designed with surface ribs, which increase the roughness of the
walls and also increase the surface area, enabling higher growth of the plants. Thasvater
thus eniched 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 CO®NALYSIS

Objectivesc

1 To analyse and develop the total damages and unit damage experienced dus
floods in the city of Mumbai.

1 Tocreate a cost breakdown of the model, with costs and procurement details
the parts.

1 To create the total cost report ¥ explanation for business model.

6.1 Damag& 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 héylel of economical damage in the case of
floods. The area was surveyed émonomical damage as a whole and the result was averaged
for the entire area, irrespective of the type and nature of the building.

$in Loss per 1000sq.ft

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

25mm 50mm 75mm 100mm 125mm 150mm 175mm 200mm 225mm 250mm

Figure57 Unit Flood bss in the chosen area.

This is due to the scattered placement of the buig, 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 damagelp00 sq.ft is found to be $9900
during light flooding and $15,000 duritgavy flooding. This value reflects the damage per
season which is usually forg2t weeks per year.

The average size of a residential building in the selected area is from ZWW sq. ft. and
the business type buildings are usually of 3@GMO0O0 sq. fand are of upto 4 stories high in
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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 reg. This increases the flood water
significantly when compared with justé 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 daneagn the area. The flood damage rate was averaged
for the entire region though 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 increasethe economic loss with the increase in the
rainfall intensity. The peakees 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 systemsthne house. The increase in water upto 8@5 cm will have slight
damagesisce it does not affect much inside the house or building. But at the heights@f 45
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 inceeasen 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 rainfhintensity 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 damagesretisger i
case of this types of buildings.

The cost for any socieconomicé project of this kind can never be compared diregtiyh
its revenue to determine the cost benefit ratio mainly due to the nature of the project itself.
In a project like this hte revenue angbrofits do not come in terms of monetary inflow similar
to any commercial project like theatsee museums etc. Here, the profit is determined by
comparing the costs with the overall damages prevented in terms of economic and livelihood
duringa disaster.

For example, in the city of Chennai in southern Indiajrduthe hypesfloods of 2015, the
city experienced huge economic damages upward of 1 billion USD, with structural damages
to multiple bridges and buildings, breakage of a damjor road waskaway etc. along with
other damages to residential structures.€de damage costs were calculated dpneral
estimation and corporate insurance claims which in itself was above multiple millions. With
this hyperflood aside, other generaldbds in the city every year rake upl® millionR2 f £ I N& Q
worth of damage everyear 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 paybackby @lculating the number ofearsthe 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 teodahd
rebuilding of the sewer drains in the city witm apper limit of 300 million USD. Due to
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political changes and policieslated issues, this tender call was unansweifeat. the sake of
this project, since we were unable to obtain the upcoming teddeO f f Q& dzLIJLISNJ £ A
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 gubj.e. designg build ¢
maintain type of project where the contractor selectedthe 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 buypt and maintain it with payments from the
municipality. In recent times, thigype of project is avoided due to transactional issues from
the government side and the DB tymeDesign and Build type projects are much more
preferred. Hence, we will concematie on developing a business plan in with this principle,
with annexure submissn 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 asugher limit budget and all other
works are budgeted and designed based on thise details of the cost and suppliers of
different parts needed for the project is as given.

6.2 Cost Breakdowfor the Module

A Pipeline Network $ 61,600¢ INR4.2 Million

Thepipes used in this project are of high quality HDPE pipes, which are available both locally
and internationally frommeighbouringcountries. The cost of the pipe varies depeargion the
diameter and the thickness of the pipe. Since in this project, theiare 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 theatainto flow freely but also

helps in the retention of the rain water collecteldiring 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 tingpdier. For the purpose of the
project few companies manufacturing the pipesreeontacted and the selected few are
mentioned here. JaeRipe Industries have quoted a price of INR 60 per meter, which amounts
up to 2.8 Million INR for the current area seled. The selected areassirveyed,and the

total length of the pipes neededr@a measured at 46.96m for 4 Knarea. This roughly
translates to $41,000. The cost for custom manufacturing is quoted at $14,000 as one time
payment for themouldsof 1600mm da and the transportation costs are included in the main
quote. An additional 1% 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 seleted area excluding the laloo cost.

Another supplier from China quoted a price266 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 coumds is very complicated and considering the current political
climate, it is vey 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 worksince the government regulations have facilitated
and allowed this method in nmy major private and public partnership projects in the past
years, Also considering the fact that the project is of setieironmental nature, with no
expected monetary returs tax exemption is always advisable to further lower the costs and
also reasonhle since the government is directly involved in it.

A Phytodepuration Tank $ 3.05 Milliong INR212 Million

Since the project aims to cover public grounds and lands allotted to the public depagment

the cost for acquiring the lands is negligible in our project. Theafasbil 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 giveduea of INR 67.80 per cu.m. of

SEOI @IHES @920.A. &arth work extimg and depositing on bank with initial lead of

10 m & initial lift of 25m in Hard stiff clay, stiff black cotton, hard red earth, shales, murram,

gravel, stoney earth and earthired with small size boulders SS.20.A. 6 A UK |y I RRA
cost of INR 38 n  Ea&tNWwodk 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 bank including jungle clearance etc complkete TN2Y (G KS { OKSRdz
Pulic 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

Ud.

A Vertical Shafts with Natural Filters $44,600¢ 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 amvgts, medium coarse sand and coarse
stones,whichwill further purify thewater from the phytodepuration before sending it to the
groundwater table. These shafts naot be exactly estimated for their costs since the size
and the distribution of these slfits will varydepending on the water holding capacity of the
tankand othe factors. A small percentage of the total tank coseservedfor 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 UlsE3e filters also
consist of shut off controls, lids and seals for the openings.

A Control Room and Exhibit Hall $ 218,000 INR 15,145,100

The control roomis of standard size, about 200 sg.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
electricd works. In addition to this, a small pump room is to be made for $ 738D, 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 mseum or exhibit hall can be made for a cost that is separate of thisgtysjace
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 whereasandaiksites, it can

work as museum. Other purpose proposed for this lgabf a play ground for the children.

Since the scope and the nature of this structure is volatile, along with the cost which is
RSLISYRSYG 2y (KS ai NUr@ihataoksdeied ifi thi pajt. A G4 St T3
A Pump $ 30,000¢ INR 2,088,300

An Axial/Mixed semi submersible pump is chosen for this project. The main purpose of th
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 grasiggnough for the
downflow of the water. But ircases 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 it1iver discharge
valve pipes, which will carry the excess water into tlearby 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 m#ss ffroject is to be executed
throughout the city.

The pump quoted in thisproject 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 workahmost all angles between @ 90° inclined, and
under the hydraulic levedubmerged. 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.ethe water collected at max. rainfall for over a period of 24 hours @&an b
pumped in 22 hours by the pump for the said tank.

Figure58 Axial/Mixed flow Pump.

The technical details of the pump are given below.

Summarize of Pool @inage 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 typeatiid type and diagnal 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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2 T oA

for the administration cost and amal maintenance costs, where the latter is based only on the
material costs, with additional labour charges dependinghe nature of the work. An approximated
5% of the total cost is assumed for the administration while in general administration chenges

Submersible motor

Power Level: electrical performance conforms to GB756

Protection level: IP68

Voltr 3S 3INI RSY Xmonnigsx @2fal 3S3

Insulaton level: F

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

oyngos

ccng

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.

Contribuing to this is also the fact that many reporting services are automated over cloud and web
services, through IT appdiions like Android and iOS applications for mobile phones, which not only

reduce the cost of labour of tellers but also increase efficjein management of complaints and files.
This implication of IT enabled services have led t the reduction of adratiist costs for many firms

such as McDonalds and KFC. Such a concept when implemented over to a project of this nature will
bring a slighreduction in the administration costs, fromc710% to 5%.

The table below describes the total costs associated thithproject.(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 &all $218,000 15,114,460
Pump $30,000 2,084,100
Subtotal $3,403,600 236,448,092
2. Maintenance Costl Matrix Network Checks $6,000 416,820
Hall and Control Room $2,000 138,940
Maintenance
Pump & Equipment $2,000 138,9440
Plantation andHarvest $5,000 347,350
Subtotal Per Year $15,000 1,042,050
Subtotal Per 50 Years $750,000 52,02,500
3. Administration 5% per 1 Year $170,9% 11,874,507
Cost 5% per 50 years $8,546,500 593,725,355
Total Cost 1st Year $3,589,530 249,364,649
*Extraordinary Maintenance | $1,021,080 70,934,428
Cost 3% of technical cost
every 5 years
Total Lifecycle $13,721,180 953,210,375
Cost
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In total, an average of $13.7 Million USDhis cost for construction and implementing this module

for 50 years, over an area of 4 sg.km, considering an extreme case scenario of 947mm rainfall per
day, with zerolboding results. For a total urban area of 600 sq.km, with over 450 sg.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 costystemfor 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 highethat 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 audiqa.

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 matp 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 anslats

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
costbeneft 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 expgaatentennial 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 andmaintenance 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
magntude rainfall of 130¢ 200 mm occurring every &8 years and btentennial 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, oojeptis expected to give good results,

with high hopes of influencing other S.E.A. countries to follow suite. Also, if the prajeptesnented

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 gyroduct 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. countriasingeconomically 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. Theigrdgct is

the optimal solution for Mumbai and other S.E.A. Countries.
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7. SOCIAL AWARENESS

Objectivesg

1 To create a social construct plan for the implementation of the project.

1 To analyzeéhe CSR project undertakings in India and to fislation to
incorporate it into our business model.

1 To create a business framework for our model that will infuse CSR and wil
create sustainable social environment as gobgduct.

7.1 Social Awarenefsr the proposed Flood Control SystenRuralAreas

In order to make this project a success on a larger, metropolitan scaéeds 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 Mumhbaimndia. Only after the workability of this
scheme is validated, can it be put forthagroposal 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
engagenent of the people that are going to be benefitted by it. This not only helps to irteulca

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 bugdgmbankments and
channelization of rivers which are mamade and somewhat temporary smions.

Hence in order to make a proposal for ghprojectin metropolitan cities, it can first be
experimented upon as module systems in rural areas. The resultsthignexperiment can

be used to further improve the schemes in rural areas and devisenanlify 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 a@udsed below.

A Institutes and Programmes for Rural Development:

Keeping the afite mentioned goals in mind, it is possible that a ssedile module of the
project is implemented, assessed and analysed in a few {bwode rural areas. There are
numerous flood control commissions and authorities in India. However, in order to test thi
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 developnogmammes.
The Science and Technology (S&T) programmes for rural development are gdaimaugh
the National Institute of Rural Development (NIRD) and the Council for Advancement of
t S2LJ SQa ! OGA2Yy YR wdzNI £ ¢ NJ A yithtgS vhioh are t | we 0
fore-runners in promoting small scale schemes and services and h@mdgcts, ideas and
programmes suitable for rural development reach the people that would benefit from it.
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NIRD is the national apex organisation for trainirggearch and consultancy in the field
of rural development. The S&T functions of NIRBlude - farming systems, transfer of
technology, human resource and social development; registration of researchers in rural
sector, institution building and managesnt, and conduction of seminars.

The S&T functions of CAPART include:

) fundingof 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,

(i) strengthening of the existing, and creation of new, mgions for conducting R&D
work on appropriate rural technologies,

(@ii)  building up of a data bank of technologies for rural sector, and

(iv)  creation of awareness about the plcation 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 &T inputs

Watershed Development Programmes
Rural Water Supply Programme

Rural Housing

Rural Sanitation Programme
Computerisation of Rural Information

v v > D> D

Hence, as thérst step, (project name) can either be registered under one of the Institutes
as mention& above or can be registered separately as one of the special programmes for
rural development.

7.2 Work Structure of the Implementation of srsal@le schemes oruRal
Development platforms and CSR

In most cases, due to their modest nature, the&inds of schemes are usually
implemented as a collaboration between a laiggale organisation/industry (may be private
or public) that is responsible for the fumd) and either agovernment agencyr a Non
Governmental Organisation (NGO) which is resae for the implementation. In cases
where government funding is not involved, it is usually funded privately by a large corporate
organisation for a socieconomic benefit, which is nowadays ref to as CSRCorporate
Social Responsibility.

Corporake Social Responsibilityalso known by various other terms such @wporate
sustainability, sustainable business, corporate conscigta@orate citizenship, conscious
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capitalism, is a continuingpmmitment by a business to behave ethically and contibiat
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.

2t | i

ENVIRONMENT

\ - Reduce the Group's
environmental footprint

- Innovate for a circular

- Respect human rights
- Guarantee health and safety at work
- Develop skills and promote diversity

economy
|
- N
SOCIETY
- Act ethically USERS
- Ensure responsible purchasing - Provide sustainable solutions
- Enable access to electricity for all - Play a driving role in

the electrical sector
Figure59 CSRtructure

CSR is a saktgulating business mod#iat helps a company be socially accountable
to itself, its stakeholders, and the publBy practicing corporate social responsibility,
companies can be conscious of the kind of impact they argnlg on all aspects of society
including economic, sodjaand environmental. To engage in CSR means that, in the normal
course of business, a company is operating in ways that entsowety and the
environment, instead of contributing negatively to While at an organisation level, each
organisation is adiwed 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 dedims at the level of individual organisations, to mandgto
schemes at regional, national and even transnational levels.

7.3 CSR In Action | Case Studies

1. STARBUCKS (International context):

Long before itsnitial public offering (IPO) in 1993tarbucksvas known for its
keen sense of corporate soci@sponsibility, and commitment to sustainability and
community welfare. Starbucks has achieved CSR milestones such as
reaching 99 parent ethically sourced coffee
creating a global network of farmers
pioneering green building throughout its stores
contributing millions of hours of community service

v >y > >
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A creating aground-breakingcollege program for its partner/employees.
D2Ay3 FT2NBINRX {GFNbdzO1aQa 3I2Ffa AyOfoc

countries; reducing the environmental impact of its sypnd engaging its employees
in environmental leadership.

SUSTAINABLE COFFEE GREENER RETAIL

Build and Operate 10,000 Greener
Retail Stores Globally by 2025

OPEN-SOURCE AGRONOMY
Train 200,000 Coffee Farmers
by 2020

CREATING OPPORTUNITIES E STRENGTHENING COMMUNITIES

o

VETERANS AND WILITAR
Ifire and Honor 25,00(
and Military Spouses by 2025

. Rest of Food Available
to Donate by 2020 in U.S.

= E Company-Owned Stores

Em ploy
100,000 Hires by 2020

* i
f @ Annually by 2020

Figure60Starbuck® / { w LI | Yy

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
F2dzyRSR AYy wmopnc |YyR KFa | 02dzi mmdp &dzaAiRA
CSReonsists of the Millennium Development Goals in the Rural Areas:

Eradicate extreme mger & poverty

Achieve universal primary education

Promote gender equality and empower women
Reduce child mortality

Improve maternal health

Combat diseases effectively

Engire environmental sustainability

Global partnership for development

D SID - S PP



Sustainability & CSR Organisation Structure

Sustainability Executive Board
(EMC Members)
Corporate Level

IC Head Apex
Sustainability &
IC Sustainability & CSR Team CSR Team
[(« i Centre, Envil
Social, Finance & Business Verticals)
IC level
Unit Sustainability & CSR Team

(EHS, HR & Maintenance Department)
Unit Level

* IC refers 1o individual business

Figure61 Organisation Structure of L&T

CSR Programme Beneficiaries
Focus Areas 2016-17
0 Water & Sanitation 1,07,253
QL earn 9,93,878
[} Education 3,32,013

a skill Development (Including CSTI,

vocational training and Neev) 34,606

Total Beneficiaries 1.467.840

Figure62 CSR Beneficiaries

In order to reach these goals, L&T participates as atfienaer in partnership
g A G K b Dh Qultural sérviée®iOriral areas like:
Medical camps
Blood donation camps
HIV/AIDS Awareness camps
Healthcare Awareness camps and contributing tadgabuilding healthcare centres
Supply of teaching aids, educational material, upscaling of educational infrastructure
Installation of solar panels dmother environment friendly technologies
Relief measures during calamities
Waste disposal campaigns
Treeplantations etc.

= =2 2 4 8 8 8 4 9
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Festival celebrations Workmen's Camp

Figure63 CSR activities of L&T

7.4 Proposed Flood Control Systerfused 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 onlyphtel create awareness about the
project, but it will also intentionally help a largeale industry indirectly contribute to the
betterment of the society.

In order that theprojectbe 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:

A Project area

As mentioned above, the area to be chosen for this project would have certain

requirements:

- Flood prone area

- Villageswithin 2km radus that have been affected

- Alarge 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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Construction of main tak and artifical 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 etcill ibe 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 theuwmimainfall anl floods reports
very carefully. Both need to be well connected with surrounding villages that it will
serve by a system of drains.

Drainage system
The main characteristics of this project is to collect #aater and excess flab

water and chanelize 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 ofsdrai
from each othe 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.

Deperding on the existing conditions, it can be decided whether these drains
need to be an underground network or can simply be covered surface drains.

Administrative and technical facilities

In order to regulate and maintain this whole system afofl 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 tpulate the non
physical aspects of this system.

Make this area more usable by converting it into a public park

It becomes very crucial that this project is open to public vigwin order to
educate people about this sustainable method of tlamntrol. 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 freelgessible and
usable public space but will also help them to uredend the process, and how
important and useful it is.



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 itag important that people understand
what Phytedepuration is and how it works. Most importantly, peepieed to be educated
about the benefits of this system of flood control and prevention.

Usually in rural areas like these, as discusskdve, we see various camps and
awareness sessions related to health, environment, energy consumptionsbestty
conducted frequently. They are either government backed camps and rallies, or CSR backed
or sometimes, both. Awareness for this system of sustidie flood control and prevention
can also be done in similar ways.

- Unemployed labourers from surroundj villages can be used for the construction
of this project. Since it is a laboeuntensive project which includes the construction
of the phytodepuraion tank, lake, administrative and technical offices and the
drainage system, this project can providengloyment opportunities to
unemployed people in the surrounding village areas.

This kind of involvement of local people helps to spread wordualthe
project.

- Even after the project is completed, employment opportunities will still be
available or the maintenance and regulation of this (project name).

- The conversion of the area around the artificial lake and the tank into public
spaces. Thisvill invite people to use this space more and in turn, it will help
educate them about the entire proceby 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, identifginplants which pertain to
phytodepuration and help in cultivating them in a small scale etc.

7.6 NGOs on Social Development
Below are the differenprojects and NGQOsvolved 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 {gmvernmental organizatn (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 apprcacti carried ouhumber 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 sociecetdon
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 subsigte
agricultural system towards the integration in to monetary economy in harmony with
the traditional farming practices.

3. Farm based Livelihood development projedhe project aims to improve the
livelihoods of rural people through a multitude of landsleaand income generating
initiatives to make traditional land based economy more remunerative.

4. Promoting child Protection in Ladakh (PCPLie project aims to promote Child rights
to protection through facilitating and creating enabling environment ih destrict.

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 (CDKtife skills development programme, CDK aims to
empower children and adolescenthrough imparting life skills of participation,
leadership, decisiomaking, and financial literacy

7. Watershed development projectThe objectives of this programme are to improve
the traditional distributory water channels of numerous villages by pnéng
leakages and making them stronger and wider. They also aim to improve the ancient
water reservoirs in the area by making them deeper, wider, -jgalof and by
installing waterregulating valves and a lock system at their outlet.

8. Artificial Glacier Bchrology: 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 costeffective solution toa dminishing water supply is Artificial Glacier
Technology. This technology encompasses solutions for most of the clohatbge
related issues for the rural population.

"Student Educational Cultural Movement of Ladakh" (SECMOL) is a voluntary orgarogzatio
the concerned with the youth and development of Ladakh. It was founded in 1988 by some
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returning university students who understood the problems of the younger generation with
modern  education, their lack of focus and the cultural confusion.

SECMOlaims 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 wisdomoyraiul
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 conduatitinties 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 culluradeistandings 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 i8 i®®8omote 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 ImplementationProcedure of CSR infuakEydroponics:
The following flowchart explains in steps how the CSR of the many volunteering firms will be
infused with our project in hydroponics and phytodepuration.

wldentification of CSR oriented firms & their annual CSR goals
wProposal of our project and induction of the process into their CSR

\
wThe corporate firm, with government's CSR guidelines, frames aworking

proposal with detailed plans and budgets

wldentification of work location and communities to aid
J

wHelping the community to develop hydroponics and phytodepuration in their
area, education of kids and creating public awareness

wPeriodic monitoring of the workings and performing extraordinary
maintenance works . )

At the beginning of the CSR oriented project, many suitable partners are
Start of analyzed in detailed for their commitment to work and their impacts by the
Project CSR following steps.

In this phase, many corporate firms which have mandatory CSR programs are
identified and their CSR orientation are analyzed for their types, range, scope
and societal impacts.

Identification of CSR
oriented firms

Identification of In this phase the company’s annual spending on their CSR is analyzed and based
their annual on their percentage of spending for it, the most suitable company is chosen for
spending on CSR the project.

The planned cost for the project and the cost f the CSR are compared,
Cost Comparison determiningthe cost savings or the cost available to the firm to further spend it
on diversified CSR projects.
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In this phase, the project overline is proposed to the selected corporate firm,
Proposal with which further discussions will be made, changing minor details on the
project to accommodate easier execution

b 4

In partnership with the firm, many smaller regions and communities are
searched for their social and environmental problems, with which we select a
village r region where our project would work.

Identification of
Communities

The conceptual work details for that region is drawn by our team with the
partner firm, based on agreed guidelines and framework, which specify the
ethics and aim of the project, with regulatory aspects.

Guidelines and
framework

After an agreement on the conceptual work, a detailed working plan is made
with calculations and performance indices. A budget is prepared for the works to
be made and agreed upon by both sides.

Detailed plan and
budget proposal

In this phase, the work is executed at the region proposed, with the help of
Execution Phase corporate volunteers and local school children under supervision. Due to this
collaboration, educationin the region is expected to be enriched.

The school children, volunteers and the public are taught on the basics and
Operation phase operation of the plant, with a focus on social and environmental awareness,
establishing a self-sustaining community for this project

Although the local people are trained on the maintenance and management
works, the corporate firm will supervise maintenance occasionally, while also
perfrming extraordinary maintenance.

Maintenance and
Management

h

With the strengthening of the community with the technical plant and by
End of Project creating socio-environmental sustainability awareness, the project is completed
with fulfillment of the CSR principles.

Figure64 CSR Infusion &gess Chart
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8. SOUTION ANALYSIS

Objectives;

1 To perbrm public survey othe scope and acceptability of the project, with analysis
the nature and thgustification of the results thus obtained.

1 To perform AHP and SAW analysis ondifierent possible solutions and modification
of the module.

1 Toanalysehe results and to provide the best possible solution with the apt
explanation.

8.1 Public Opinion and Social Understanding of the Project

¢CKS LINRP2SO0GQa & dzAylllooAAt f AAGGEe R S/LBS yaReaO A2lyE  (aKdSA (LJdko
project in both before and after completion of the works. Since our project is 3@Btighted

G261 NRa (GKS az2O0Alf ddzaldl AylroAftAGERT o0& dzaAy:
opinion on this isse 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 gieptions to choose the best option

from his/her views. Such a questionnaire is developed, subjected to 25 subjectaarije

public and 5 experts from the field of civil engineering, public engineering, environmentalism,

law and hydrology are also issuagimilar questionnaire.

¢CKS F2tft2¢gAy3 LI 3ASE O2yarad 2F (GKS Lzt AOQs
subected to AHP, where the most chosen options per question are subjected to equal and
categorized weightages along with sensitivity asesywhere the weightages are distributed

to the criteria chosen in an hierarchical or unequal yet justified way.

Thisprocess of AHP incorporated both choice modelling and stated preference methods
wherein the subject is given choices o choose from itagequestions and are asked to state
their answers in some. The final result of the questionnaire thus obtainedefidict on the
possibility of the social sustainability of the project.

8.1.1 Sample Selection

As stated frequently by many experts hetfield, social sustainability is the key to the overall
sustainability of any project in the next decades since edemnelopment project that are
taking place currently are focused towards the general public, to attract funding and to gain
a higher chaoe in the sustainability and long run of the project.

The subjects to the questionnaire are randomly selected from geegroup 1&; 60 since the
people falling into this age category are the mbistly people to participate in the
development and theunning of the project. Such subjects are also from a variety of social,
economical and educational background so that grocess 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
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professor to a UN guest spesk The details of the experts are mentioned in the following
section. Similar to the public opinion questionnaire, the same questiaTe asked to the
experts, along with their opinion, reviews stated and the possible obstacles/alternatives
suggested byhem enclosed and explained in detail.

Given the vast scalability considered for this project, a few subjects from South East Asian
courtries were also subjected to the same questionnaire, where they were asked to answer
the questions considering the adagttility and scalability of the same project in their region.
Many positive feedbacks were obtained from them, along with a new persfeotn their
localized problems and solutions. Such feedbacks state the scalability of the project and

provideanestmé 2y (GKS LINRP2SO0GQa a2O0AlLf &adzadl Ayl o

also taken into account when performing the AHP for pingject.

8.1.2 Preparation of the questionnaire

The questionnaire was prepared with keeping in mind 4 major factors ascaesthetics,
environmental importance, public involvement and economical viability. The public sample
were given a sheet of questisron these 4 factors, with 4 choices as the possible answers.
Each choice for its respective question is one possidedsii A 2y~ NBFf SOG Ay 3
ideology for the project. The questions given to the sample are as given below :

1. Have you been affeetl by floods in Mumbai?

2. Do you know about the existing flood control measures in Mumbai?

3. Do you think the existing Dreage 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 latestethods and technology to battle and prevent floods
- Over Population

- All of the above

5. Do you think it is necessary to form a separate authaotyleal with flood control
measures?

6. Would you rather prefer if it is a public (government controlled) bodymmieate 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 peoplenty?

8. If there is a project, which strikes a balance between forming new flood control
measures for the city andnemployment, would you volunteer/donate for such a
project?

9. Do you think the Government is doing their part in controlling floods?

10.Do you knowabout 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 ya think common spaces can affect or can be integrated with efficient flood
control measures?

13.Do you know of any efficient flood control systémat has been used in any other part
of the country/world?

14.Do you know about the Paris agreement signed by ladé194 other countries?

15.Do you know about Phytodepuration? On a scale-@0;Lrate your knowledge about
Phytodepuration.

The questions wereampiled in a Google Forms format, submitted either through mail or in
person to the responders. The AHP questiane 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 bath these questionnaires were compiled and summarized as bar/pie charts, indicating the
percentage of the choicdsr quick processing. The response from the AHP questionnaire was
used to prioritize the different options and criteria playing important parthis 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 Yes (84.2%)
Mumbai?

Do you know about the existing flood Yes (71.8%)
control measures in Mumbai?

Do you think the existing Drainage systen| Yes (66.7%)
and the flood control measures in Mumba
needs to be improved?

What do you think is the main ason for All of the above (51.3%)
flooding in Mumlai?

Do you think it is necessary to form a Yes (84.2%)
separate authority to deal with flood
control measures?

Would you rather prefer if it is a public Public (68.4%)
(government controlled) body or a private
one?
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Would you agree to volunteer in a flood | Paid personnel only (37.1%) Volunteer
control project for the city? Or do you (34.3%) Both ( 28.6%)

prefer it to be a paid job for qualified
people only?

If there is a project, which strikes a bate | Yes (89.7%)
between formng new flood control
measures for the city and unemployment,
would you volunteer/donate for such a
project?

Do you think the Government is doing the| No (60.5%)
part in controlling floods?

Do you know about the floodingsues in | Yes (74.4%)
other Indian cities?

Are you ok with the condition of common | No (56.4%)
spaces in India?

Do you think common spaces can affect g Yes (38.5%) No (38.5%)
can be integrated with efficient flood
control measures?

Do you know of angfficient flood control | No (41.7%)
system that has been used in any other pi
of the country/world?

Do you know about the Paris agreement | Yes (38.5) No (33.3%)
signed by India and 194 other countries?

Do you know about Phytodepuration? On| Average = 3/10
scale of 110, rate your knowledge about
Phytodepuration

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 th
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 itlie sea near the
BandraWorli 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 plasticd 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 impactof slum encroachments along the river on the flooding of the city.

2 KSy jdzSadA2ySR lo2dai G(KS OAGAT SyaQ aldGAafslh

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 wapeérts 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 gesdlts 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 volunteemdyuithe 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 characteastof the demography of the city such as :

1 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 hamthat they could achieve in such situations
when a lot of like minded people come forward to work in an emergency situation

1 The modern education of the younger generation that has helped them to view the
issue from a global point of view, showing the nesigsto 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 & titzens 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. Thekafproper combating system
during the floods makes the city unclean and visually unappealing, making it go down

Ay (GKS NIylAy3Id C2NJ GKS Y2RSNY 3ISYSNI GA:z

boosting factor for their involvement in this project.
1 The oudated 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 paidpersomel.

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 geteejabs in their city, for which

GKS®@ ¢6SNB IAGBSY Iy AYRSLIIK FyasgSNI 2 GKS LINP
For the question on the common spaces in the city, we obtained mixed reviews from the
respondents where equal number of people statidht common spaces can be integrated
GAUK STFSOGAGS FE22R O2yiNRf YR OFlyy2( 0So®
the positive side when they were explained about the aesthetic architectural design and its
purpose of the project. The respdents 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 Mumbthie residents were not aware of
international flood control systems such agsdBNS, 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 signiicce ad 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 analysi¢sa stows 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 andofherational phase. We

can also expect the social involvement of the people to increase due tetpgrrer influence
phenomenon, where people tend to follow others in any organized work.

8.2 AHPg Analytical Hierarchic Process

The analyticahierarchical 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 wasmone
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 criterig@nakto consideration, the
derived sub criteria and the different situations or conditions are as given below:
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Figure65 Flood control projects considered for AHP

The conditions or situations as mentioned above were taken as the maabk solutions

for the problem in India and other south Asian countries. Although these projects could be
used inindia, some factors such &ST environmental adaptability, sociaustainability etc

play a major role in deciding the feasibility of theject 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 inexpensiaés to provide flood control measures for
which it was designed foi.he 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 toggt is tailored for

the assigned location, taking into consideratiie 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 ¢henticity of this claim are made further down
this section with calcutéons and results are ranked below.

The third situation is implementation of-Gans project in India, where huge tunnels similar
to the ones in Tokyo are to be made in Mumbai to camtall the rainwater before being
pumped into the river. This project mdylfil the general requirement of flood control but
may not meet theeconomicand social requirements of any sustainable project, especially
when approached though the Triple Bottordi Method. More information of this project can
be found in the previoushapters.

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 desslbt
areas along the coastal line. Since the situation for the Néhds and Mumbai are vastly
different, they are both differentiated in theariations,but some minor factors are taken as
the same for them. The feasibility of the Dutch Delta Watéorks and its ranking when
compared to the other 3 projects are listecelow at the end of this chapter, after the
calculations and tabulations of the results.

The criteria and their derived sutriteria taken into consideration for the AHP, Simple
Additive Weightage calculations for the 4 different situations considered adested below:
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