Sponsored Thesis Project Competition on

OREIMAGINING URBAN RIVERS

Season3

Project Title : Unpacking the catang potential of geographical urban
voids around the natural drains in the fabri@btibaneswar
Creator : Monali Biswal Masters in City Planning

i)
(Raaae AISA O/ PavimORMENT
WSy National Institute of Urhan Affairs VERTICAL




ACKNOWLEDGEMENT

| would like to express my deepest gratitude to my trgae Prof. Haimanti Baner;ji for
her guidance, support, and encouragement throughout the entire research process. Her expertise
and insight have been invaluable in shaping my research and guidtogvards its successful
completion.

| would also like to thankll the professors anather faculty members of thrchitecture
and Regional Planningepartmenof IIT Kharagpurfor their time and effort in reviewing and
providingfeedback on my thesis. Their constructive criticism and suggestions have helped me
to refine my work and improve its quality.

| am also grateful t®r. Uday Bhonde, senior program specialist, NIUA and to Students
Thesis Competition by NIUAor their suppa and resources, which have been crucial in
facilitating my research.

Finally, | want to thank my family and friends for their love, support, and encouragement
during my academic career. Their unwavering betieghe has served as a motivational and
inspirational force and | am deeply grateful for their presence in my life.

Thank you all for your contributions to this thesis and for being a part of this journey.



ABSTRACT

Natural drains and their voids have been under a lot of developmentaldirelsdas led
to their disconnect from the city fabric. The clear stormwater drains now carry the load of
anthropogenic activities and are highly polluted due to combined sewer overflows. Holistic
river centric city planning can be the key to reintegriaterteglected drains of the cifijhis
involves cleaning the natural drajmegulating the source of pollutias well agestoing the
degrading ecosystem in a sustainable marnhlee. study aims to identify the causes and
consequences of urban voids speally around the natural drains and to develop strategies to
revitalize these spaces using natbesed solutions and placemaking strategies thereby
fostering a dialogue between nature people and events.
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1. Introduction

Cities are complex systems with their own ecosystems and metabo(iBatty, Cities as
Complex Systems: Scaling, Interaction, Networks, Dynamics and Urban Morphologiesq. 2009)
The dynamic cities are a homertullions. They have variegated functions having infrastructure,
housing and many public services. The cityos

DIFFERENCE & RELATION BETWEEN URBAN SPACE,
URBAN PUBLIC SPACES AND URBAN VOID
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Figure 1: ADifference and relation between urban space, urban public spaces and urbéfassidm, Wahba,
& Nasr-Eldin, 2022)

The city fabric consists of masses and voids. There are positive and negative spaces between
these designednd built spaces and the entire combination is known as urban spaee.
propositionof urban space is a culturialdication,emergng from the conflict between the state,
community andhelocal economy anthe incorporation of contemporary idedgropety rights.

The urban space congsif voids and positive spaces that are primarily recreatidviaén these
negative spaces/ voids are designed to infuse activity such as museums, libraries, parks, etc they
become public spacé®ublic spaces," as defiddy(UN-Habitat Training Module Public Space,

2018) are the areas between buildings that are accessible to the general public and principally
comprise of four typesa) streets and pedestrian paths, b) public opens spaces such as parks,
playgrounds, gardens, water bodies and waterfronts, c) publiciéscilitch as community centres,
libraries, etcand d) public commercial spaces such as markets, haats and Diieepperation of

a city, itsprosperity and itsliveability, along with theurban healthsocial interactions, labour
markets, and the urbamaronment, are all known to be widely influenced by these pl&ges.

the other hand, Aurban voidso are | ow qualit
voids are created as a result of faulty planning or development process. fehendé andhe
relationship between the urbaoids urban public spasand urbarspacesire as illustrated in the
givenfigure 1.

This thesis focuses on transforming thed®an voids or theegative spacespecifically around
natural drainsgnaking them a functioning part of the city. These spaces are also knosvreas
vague/ost spacesn-between spacesrban voids, derelict spaces, leftover space; spéices and

R A

a Fa %,
AMUA 5 TARMAE

National Institute of Urban Affairs oo ASMFSAIL

Pagel




Sponsored Thesis Project Competitionloml9a ! DLb L b D | wSdason3wlL + 9 w{ ¢
Unpacking the catalyzing potential of geographical urban voids around the natural drains in the fabric of
Bhubaneswar

many more. Urban voids or the ardpaces are thenwantedurban areas hat donot ma |
positive contribution to the environmentor the users. They ar@oorly defined, having no
boundaries that can eeasued and thereby fail in connecting elements in a coherentamaly

need to be redesignetine undefined spaces origs exist primarily due to lack of proper master

plan and planning approaches resulting in underutilisation of the space. Accordingrtolk,

Finding Lost Space, 199ahese spaces are lost and have very low human actiVitiese spaces

disrupt the urban tissue and do not belong to public or private.réaleglected, these spaces can

cause manyocial, economic and environmeniggues such as reduction in property values and
lowering the environment quality of the cifijhe urban voids have a huge potential to be reshaped

and redefined as per the needs of the users.

The transformation will involve the natural drain as well as the voids surrounding the drain.
The urban voids have a huge potential to be reshapectdefined as per the needs of the users.
Activating these lost spaces can benefit the community.

1.1Need for study

As per(The World Bank, 2020) about 56 % of tateévinguiourblardagess. p o p u
By 2050, this trend W continue andthe urban population living in the cities are expected to
increase by more than double the current state. With increase in population, cities face many
challenges to meet the demand for housing, transport network and other infrastmdtbasia
amenities. The increasing pressure on the cities will affect the quality of life. Cities are competing
to become more liveahl®ublic open spaces and other recreation areas are important factors to
ensure wellbeing and liveability in a city.

Odisha has recorded about 31% urban population growth which is comparable to that of 36%
of India as per (BDCP,2019). The urban cover of Bhubaneswar has grown with 83% in the years
between 2000 to 20X&wain, et al., 2017Bhubaneswar has become croweet limited urban
spaces and resources and it has become very difficult to increase public spaces.

The citiesthat are overcrowdelavelimited urban spaces and resoutcése natural drains
and rivers of the Indian citidsve faced this development strain and have become highly polluted
within the last few decades. This calls for a paradigm shift towards river centric urban planning
focusing on the deteriorating water bodies and their riparian zones. This thesis wslisiadan
reintegrating the natural drains and their voids into the urban fabric using-bhate® solutions.

Urban resources and spaces are finite in these crowded cities, and increasing public spaces is a
highly challenging and demanding task. To addrthese issues, a change in the traditional urban
planning is necessary, along with the pursuit of fresh possibilities and creative solutions to the
problem of creating better urban places.

R
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1.2Aim

To trace, analyse and design geographical voidgound natural drains withing the city
and to provide a vision for transforming and reintegrating both, the drains and their voids into
urban fabric usinglacemaking process, thereby fostering a dialogue between spaces, people
and the events

1.30bjectives

1 Delineating Natural Drains
o To identify the geographical urban voids around natural drains and select action
areas based on analysis.
1 Environmental Measures
o To restore the degrading ecosystem (both wetland and upland).
o To improve the quality fovater in drains.
o To protect from urban floods.
1 Placemaking Measures
o To transform the geographical voids as the urban common using placemaking
strategies.
o To formulate strategies involving public participation for placemaking process.
1 Economic Measures
o To open new avenues in revenue generation and economic upliftment of the
informal sector.

1.4Scope and limitations

The scope of the thesis involves including the overall integration of water and the natural
ecosystem with the public realm. In orderr&ntegrate into the public realm, all the aspects
ranging from treatment to revitalisation strategies will be under consideration. The study also
involves identifying, analysing and prioritising the natural drain and its void for revitalisation.

This thesis focuses only on geographical voids only around the natural drains within the city
and the voids considered are within a specific time frame. Policy integration with the interventions
will be a challenge.

1.5Methodology

The methodology followed for thehesis is as per the following figure which involves four
stages that is (i) Preliminary study phase, (ii) Literature review, (iii) Data inventory, collection and
analysis, and (iii) Formulating proposals. Figure 1 illustrates the various processeseehgtloy
each stage to reach the final outcome of the thesis.

09O 5,
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The research methodology includes a review of literature, case studies, and interviews with
key stakeholders involved in urban planning and development. The study identifies several factors
that cantribute to the creation of urban voids around natural drains, including inadequate planning
and zoning regulations, soeswonomic changes, and environmental degradation as well as
techniques for wastewater treatment and placemaking to activate the voids.
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2. Literature Review

2.1Urban Voids

Urban Voids are the residual spaces of the city that rupture its fabric. They are often neglected
or forgotten in the eyes of the peopldost of the times, they are an outcomdafity planning
process when cities are planned in isolation with no regartise urban fabric.According to
(Trancik, Finding Lost Space, 199@)Ur b a n theundesirable urlean areas that are in need
of redesign making no positive contribution to the surroundings. They atefitled, witltout
measurabl e boundaries and f ai Theselostspateas arerban e | €
voids can balong residential edges, along railwaga:, parking areasinder and around elevated
highways, highway edges that are being planned bubutitmaintenance, abandoned military
courts, abandoned waterfronts, deteriorated parks and unused plazas. doaterkls that the
fault for creating the voids is caused by cars, umeguvenation theliberalisationof the public
spacs and functionakegregationof thecontemporarynovementand uses

Urban voids can be presumed as a space whic
shown in the figure. Permeability refers to both physical and speiaheability Physical
permeabilityis associated with a barrier such as a railway line or raghwside the city at the
city level, or a slum which is at the area level. Social permeability can be an outcome of presence
of ghettos which becomes a barrier.

VOID ~ ...being without..

QOO ————tifitotie ”k
being without Permeabmr)/

" Physical — b Bariors ” JR

being without... Public Realm
Figure 3: Understanding Urban VoiNipesh, 2012)

These voids have distinct morphology depending on various aspects such as time, legislation,
ownership and their contex&s asserted bgNipesh, 2012) The urban voids forrdistinct spaces
outside a programmed urban narrin particulay in the fluctuating, dynami@ndeverchanging
networks, we should think of the leftoverdlasareas that provide an alternative to the predictable
zones of consumption and hold potentialddoan wildness and biodiversity.

2.1.1 Origin of Urban Voids

The deliberation about the urban voids began in the I&ted®tury, with architects realising
the ability to shape space and not just buildings. This spatial perception was brought about by
tedhnological revolution and the breakthrough in arts and sciéhtea, 2017)
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Figure 4: Timeline of urban voids

2.1.2 Categories of Urban Voids

On the basis of formation, urban voids gemerally of two typefor the Indian contexhat is
planning and functional void¥atkar, 2021)

a. Functional voidsT these are the voids created by defunct buildings and have legal aspect
such as they are either under litigation or are government property which needing
bureaucratic process to go through any functional change. Theyostéey found in old
city areas athgenerally associated with time, technologigadl sociecultural or political
factors.

b. Planning voidsi These are the voids generated due lack of holistic approach to city
planning and are most prominent out of all voids. Faulty planning créeaespakets in
the urban fabric. The planning voids are further categorised as geographical voids, residual
voids, large scale plots and infrastructure voids.

a. Geographical voidsi These voids are created whe
geographical features of tlegy such as river, nullah, contoured land, etc. though
these areas are reserved for conserving nature, but with passage of time they get
degraded or misused and become unwanted place. These voids run throughout the
city and are linear which can be usedteate vistas enhancing the aesthetics and
identity of the city.

b. Residual voidsi These are odd size unconventional pockets left out in thdrity
India, city planning follows land use plan and plotting is done by assigning typical
shapes. This resulia creating residual voids in between buildings or near the
edges.

c. Large scale plotsi In the Indian contextgities areplanned for the projected
population and density after 25 yea@ccasionally, parcels of land are kept for
future development, which leadsttese plots of landecomingdysfunctional

d. Infrastructure voids i These are created when elevated infrastructural projects
disturb the homogeneity of parts of the clExamples include areas under flyover.
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2.1.3 Values of Geographical Urban Voids

Geographical urban voids have many potentials and values which can be used to reconnect
them to the city fabri(Hashem, Wahba, & Nagtldin, 2022)

a. Environmental Value - Geographical voids havseveralenvironmentalbenefitsand
improve the quality of life of communities. They help in preserving natural habitat and
stormwater management. These underutilised spaces have the potential to be used as green
infrastructure and promote the environmental health.

b. Social Value- Thesevoids provide exceptionalopportunites by giving a host of social
opportunities having the ability to compensate for the scarcity of open spaces in densely
packed cities. These voids play an important role in social interaction and engaging
communities failitating many sociecultural events.

c. Economic Valuei Geogr aphi cal voids have the abil
structure and generate empl oyment opportu
economy. Revitalisation of the voids leads to iaseein the value of nearby properties.

d. Historical and Cultural Valuesi These voids have the ability to preserve the historical
memory reflecting the culture, identity and character of the city over the years. They add
adding personality and uniquenessttommunityand support a host of cultural activities
if revitalised.

e. Visual and AestheticValuesi Geographical voids are the gap the urban fabric and
may have negative impact if not planned for properly. Revitalisation of the voids creates a
strongurban tissue nmproves visual appearance of the @hd adds to the identity of the
city. it also increases the economic worth of current assets.

2.1.4 Management of Urban Voids

a. Partnership Model

PUBLIC PRIVATE
PARTNERSHIPS

Types based on increased involvement and | |
risks taken by the private sector

I [ [ |
Management Private ownership
contracts of assets

Lease Concessions

Turnkey

Supply or service
contract

Maintenance

Franchise
Build-Operate-
Transfer (BOT)

type of contracts-
may form SPV

Build-Own-
Operate (BOO)

Private Finance
Initiative (PFI)

Divestiture

Figure 5: Types of publigrivate partnerships

management
Operational
management
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b. Fiscal Management
1 Debt Tools

1 Value Capture Mechanisms
1 Credit Assistance

Direct Fees
Grants

c. Ownership Pattern
Voids have the following ownership pattern, whiglys an important role before planning
interventions near the natural drains.

1 Public / Government/ State ownership- Assets that a government or state has and
that are accessible to all of its inhabitants.

1 Personal ownership Also known as individual owarship, refers to the possessions
and assets that belong to an individual.

1 Common ownership Assets and property held in common by all members of society
are known as having common ownership (or-rawanership).

1 Communal ownership- When a community owns @perty jointly.

1 Collective ownership Assets and property that are owned collectively by a group of
persons who manage their usage and reap the benefits of their operations.

1 Private ownership- It is a subset of collective property in which a group of owner
jointly own productive property that is used by workers, often in order to make a profit.

1 Cooperative ownership When people who utilise and run a piece of property also
own it (or social ownership

2.1.5 Placemaking

Placemaking is characterized as a multifaceted strategy for the administration, planning, and
creation of public areas. In order to create public places that support people's health, happiness,
and weltbeing, it makes the most of a community's resouraspjration, and potential.

As per (What is
Placemaking?, 2007) m PLACEMAKING IS NOT
APl acemaki n g f * Community-Driven * Top down
. . * Visionary * Reactionary
patterns of use, paying particul « Function before form « Design driven
attention to the physical, culture * Adaptable * Ablanket solution
ial i .. h fi * Inclusive * Exclusionary
and social identities that define « Focused on creating & Car cantiie
place and supportits ongoing destinations * One size fits all
. N * Context-specific * Static
evo I_u ti O_n - 0 It * Dynamic * Discipline driven
advocating for improved urba « Trans-disciplinary « One dimensional
architecture * Transformative * Dependent on regulatory
) * Flexible controls
* Collaborative * A cost/benefit analysis
* Sociable * Project focused

N
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Figure 6: What is placemaking?
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Figure 7: Place DiagranfWhat isPlacemaking?, 2007)

Placemaking inspires people to cooperatively recreate and remodel public spaces as the
pulsating centre of every neighbourho&facemaking is a collaborative approach that aims to
improve shared value in public areas while enhapthe connection between people and the
places they share.

2.2Guidelines
2.2.1 Placemaking GuidelinegNIUA)
NIUA, Bhopal has proposed the following ten principles of placemaking.

Image and ldentity- Site specific design strategy to ensure each site has unique identity.
Attractions- Interest points that attract crowds to the area and spend time.

Streets as public spacesThe streets are critical public spaces.

Triangulation - Locating elements next each other in a way that fosters activity.

Power of 18 Every place should provide 10+ things to do layered to create synergy.
Amenities- Basic amenities to make the experience more comfortable.

Flexible design Flexibility through well thought out plaand programming.

Seasonal strategyAdaptable to all seasons for maximum useability of the space.

. Accessibility & connectivity- Facilitating pedestriamovement andhclusivity.

10. Safety- A safe space encourages a sociable environment for interactioastauittes.
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2.2.2 Wetland & Waterbodies Management Guidelines (NMCG)

The geographical voids taken into consideration for the thesis are the natural drains of the city.
in order to reconnect the voids to the city fabric, it is important to take into considetsion
guidelines for wetlands.

The current research was started by the National Mission of Clean araghdresmg the
problems raised, by developing a toolkit for the management of wetlands and waterbodies in urban
areasThe toolkit's goals are to sgigard the natural systems that maintain urban water resources,
mainstream water body conservation into urban planaisgproviding a stepby-step procedure
for identifying, prioritizing, and creating an action plan for protecting urban water bdtiesn
Wetland/Water Bodies Management GuidelinésToolkit For Local Stakeholders, 2021)

Q

v £ ) (B
® © o o o o

MAPPING CITY LEVEL MAPPING OF URBAN WETLANDS! IDENTIFICATION OF GROUND WATER LAND SUITABILITY FOR IMPACT OF URBAN

INFORMATION /WATER BODIES & ECOSYSTEM SERVICE OF URBAN | ASSESSMENT
ITS ATTRIBUTES WETLANDS/WATER BODIES GROUND WATER RECHARGE DEVELOPMENT TRENDS/ MASTER

PLAN PROVISIONS ON
NETLANDS/WATER BODIES

Figure 8: Stage 1 ldentification of urban wetlands/ water bodies for conservdti@rban Wetland/Water
Bodies Management Guidelines Toolkit For Local Stakeholders, 202il)

The various steps involved in identification of the urban water bodies &oloass:

A) Mapping the City Level Information
1. Administrative boundaries (Planning Boundary, Municipal Boundary, & Ward
Boundary)
2. Natural Resourcexisting & Proposed Land Use)
Natural Resourcexisting Land Cover)
4. Natural Resource@emp, Humidity, Geology, Soil, Hydrogeology, Ground water
Level)
5. InfrastructurgDrainage & Sewerage Network)
6. Economic Bas¢Economic Activities & Agriculture Practices)

w

B) Delineating Catchment Area& Zone of Influence of Water Bodies
7. Delineation of identified Basin (From Contour or Govt websites like CWC, SLUSI,
BHUVAN)
8. Prioritized Watershedd8ased on Parameters)
9. Zone of Influence & Catchment AréBelineation or Identification)
10.Prioritized MicroWatersheds with the Prioritized Watershe@@elineation of
watersheeBased on criticality)
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C) Mapping of Urban Water Bodies

11.Historical Dataset of Satellite Imagery (Past 15 years) (From Landsat iRages
Identification of Encroachment & Trends)

12.Documentation of Existing conditions of Water Bodies (with Characteristics)

13.Classification of Existing Water Bodies (Based on size, Characteristics &
Ownership)

14.Prioritization of Existing Water Bodies (Based on Hydrological Criteria &
Scientific Criteria)

2.3Nature Based Solutions

Naturebased solutions are what the International Union for the Conservation of Nature
(IUCN) refers to as'actions to protect, sustainably manage and restore natural or modified
ecosystems that address societal challenges effigctive adaptively, providing human wellbeing
and biodiversity benefits at the same timéliese are responses to societal issues that draw
inspiration from natural processé¢aturebased solutionsan be applied to treat wastewater by
developing engineedesystems that mimic the functioning of natural ecosystem to their advantage,
which reduces dependence on mechanical systems. Natural elements such as soil, plants, bacteria,
porous media, etc are used to remove various pollutants from wastewater siganasroatter,
suspended solids, nitrogen, phosphorous and pathdgetsebased solutions are often viewed
as sustainable and ceasffective approaches, offering numerous benefits for both the environment
and people.

2.4 Wastewater Treatment Using Construted Wetlands

Constructed wetlands (CWSs) are wetlands that have been planned, developed, and maintained
to mimic particular natural processes for the treatment of wastewater. These technologies, which
mostly use plants, substrates, soils, microbes, and wate a variety of jobs involving physical,
chemical, and biological techniques to remove several pollutants or improve the freshness of the
water They araused to treat municipal wastewater, wastewater from oil refineries, drainage from
agricultural opeations,acid mine drainage, etdccording to certain data, subsurface constructed
wetlands in Africa are estimated to cost approximately US $5 per individual for wastewater
treatment, whereas mechanical wastewater treatment methods such as activgéedyshetns
cost roughly US $50 per individugilassan, Chowdhury, & Prihartato, 2021)

Wetlands are typically characterized by soil that is saturated with water for an extended period,
leading to anaerobic conditions. Wetlanclsn be found in various forms, such as natural
freshwater and saltwater wetlands, as well as constructed wetlands that are used to treat
contaminants. Constructed wetlands utilize a complex system of processes that involve water, soil,
plants, animals, mroorganisms, and the environment to remediate contaminants. Different
technigues are employed in constructed wetlands, including biodegradation, phytoremediation,
and natural attenuation. Wetlands primarily undergo physical processes like filtration and
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salimentation, chemical processes like adsorption and precipitation, and biological processes like
biodegradation and plant assimilation.

Most wetlands are identified by having a large concentration of vascular plants. The dense
vegetation helps to decel&dhe flow of water, generating microenvironments that offer sites for
sorption of contaminants and attachment of microorganisms. Microbes are crucial in the
breakdown of contaminants and the transfer of contamination between the environment and plants.
Typically, a group of microorganisms, known as a microbial consortium, is responsible for the
degradation and transformation of contaminants. The efficiency of contaminant degradation is
dependent on the presence of microorganisms necessary for the pescess| as suitable
environmental conditions that facilitate their growth and activity.

2.4.1 Classification of Constructed Wetlands

The diagram in Figur®. illustratesthe general layout of different types of constructed
wetlands (CWs). These CWs are typically classified into two types based on their hydrologic
processes, namely free water surface (FWS) CWs and subsurface flow (SSF) CWs. FWS structures
mimic natural wdands by allowing wastewater to flow over the surface of polluted substrates,
while SSF structures allow wastewater to pass through the substratum horizontally or vertically to
promote plant growth. SSF structures can be further classified into verteal(F) and
horizontal flow (HF) CWs based on the direction of wastewater flow.

Free Water Surface Flow CWs (FWS |
Traditional CWs CWs)
Horizontal Flow CWs (HF CWs) |
Subsurface Flow CWs
(SSF CWs)

Vertical Flow CWs (VF CWs) |

%

;

: rrwscwd

& VF-VF-HF

] Hybrid | | cws

5 1 CWs 1 _~| Artificial Aerated CWs |
g vee | [ BaffledFlowcws |
£ —rws cws

g | Multi-Stage - _| Hybrid Towery CWs I
° |

s H Step Feeding CWs
VF-HF-VF]
CWs
4|Cirr:ular Flow Corridor CWsl

— Enhanced CWs | |
l

Figure 9. Classification of CWdgor wastewater treatment

Hybrid CWs, which are composed of multiple wetland technologies, are commonly used for
wasewater treatment and recovery. These hybrid CWs can be a combination of VF, HF, and FWS
CWs, such as VlHF CWs, HFVF CWs, HFFWS CWs, and FW&IF CWs. Additionally,
multiple-stage CWs with more than three steps are utilized. To improve the efficiency of
wastewater treatment, different types of augmented CWSs, such as manmade ventilated CWs,
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baffled flow CWs, hybrid tower CWs, step feeding CWs, and circular flow corridor CWs, have
been developed in recent years.

Surface Flow Wetlands

A surface flow (SF) we#ind is comprised of a shallow basin, a medium such as soil to support
plant roots, and a water control structure that maintains a shallow depth of water. The water level
is higher than the substrate level. SF wetlands resemble natural marshes and casthiéc
and wildlife benefits as well as water treatment. The upper layer in SF wetlands is aerobic, while
the deeper waters and substrate are usually anaerobic. SF wetlands are typically used for
stormwater treatment and treating mine drainage andudigiial runoff. They are also referred to
as free water surface wetlands or aerobic wetlands for mine drainage treatment.

Figure 10. Schematic diagrarorizontal flow (left) and vertical flow (rightyeatment wetlands

The advantages of SF wetlands are their low capital and operating costs, and their construction,
operation, and maintenance are uncomplicated. However, the main disadvantage of SF wetlands
is that they usually require more land area than other systems.

Subsurface Flow Wetlands

Subsurface flow (SSF) wetlands are constructed with a sealed basin that contains a porous
substrate such as rock or gravel. The water level in these systems medesigemain below the
top of the substrate.

In the United States, horizontal flow paths are commonly used, while in Europe, vertical flow
paths are also employed. SSF systems are known by different names, such as vegetated submerged
bed, root zone metllo microbial rock reed filter, and plandck filter systems. SSF wetlands are
best suited for treating wastewaters with low solids concentrations and relatively uniform flow
conditions due to hydraulic constraints imposed by the substrate. These systemmamly been
used to reduce-8ay biochemical oxygen demand (BOD5) in domestic wastewaters.
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Volume occupied by support medium Volume occupied by liquid :>
(gravel) (pore space)

Figure 11. Schematic diagram showirsgbsurface flow constructed wetland

Advantages of SSF wetlands include greater cold toleranoemipmed pest and odour
problems, and potentially greater assimilation capacity per unit of landcamepared to SF
systemsSSF wetlands have some drawbacks in comparison to SF wetlands. They are relatively
more costly to construct, making them moreahlg for small flows. Additionally, they may be
more difficult to regulate, and their maintenance and repair costs are typically higher than those of
SF wetlands.

Hybrid Wetlands

Single stage systems rely on a single area for all treatprecesses, while hybrid or
multistage systems use separate cells for different types of reactions. For example, effective
treatment of mine drainage may require a sequence of wetland cells with varying conditions to
promote aerobic and anaerobic reactidrige removal of ammonia from agricultural wastewater
may also require multiple cells with different conditions.

2.5Case studies

2.5.1 Cheonggyecheon Stream Restoration, Seoul, South Korea

Figure 12: Before and after theestoration ofiCheonggyecheon river in Downtown Se¢8buth Korea:
Restoration of the Cheonggyecheon River in Downtown Seoul, 8022)
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Population: 10.1 million

Biome: Freshwater

Extent: Length 5.8 km Area 292,000sgmn
Context: Mixed-Use

Cost 345.2 million USD

1 Funding: Seoul Metropolitan Government

= =4 4 -4

Project Statement The downtown area which was the economic reeaf Seoul was in
decline from the past two decade#h increasing pollution and rise of slum8he elevated
highwaythat covered the stream was an important artery for transport and loJieBasverpass
however decline with time and various concerns of safety were raise. Tapeltotorway and
the 4lane elevated highway along the Cheonggyecheon stream, whigboiriaasnearly 170,000
cars daily, were demolished by the Seoul Metropolitan Governm&his brought about a
significant paradigm shift from an adtentric developmerdriented landscape to one valuing the
peopl edbs quality of [|ife.

Project Goals

1 Toenhaceenvironmental conditions & quality of life iithe downtown area

To establishafocushavinghistoricalvalue ands visually appealing

To sparkeconomic growtlover a long timdoy captivatingtourists andheinvestors
To restore both sides of the city separateddad infrastructure.

To restore a decrepit public space and create a waterfront

= =4 4 A

'."..; _’_’;-?, ‘_' = W
Figure 13: Conceptual site plan by Seoul Development InstifGteeonggyecheon ®am Restoration
Project, 2022)

Implementation:

1 Revival of historical values In order to successfully justify the project, restoring the
historical values of the place at the same time ensuring safety from flood was priority.

1 Flood prevention and safety measuresThe city set the aim for 200 years interval of
flood recurrence to ensure safety of the citizens.

1 Sewerage treatment Adopting doublebox system where the sewage is treated in a
combined system antthe highly-polluted first rainfall is segregated into a separate
pipeline & treated at the treatment facilities

P22
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1 Water supply and its quality- Water sources in the area include the Han River and
groundwater released from local metro station&eoul Urban Reswal:
Cheonggyecheon Stream Restoration, 2022)

Stakeholders:
The key stakeholders involved for the coherent implementation of the proj¢CaareStudy:
Cheonggyecheon; Seoul, Korea, 2022)
1 APublic Organisations These includeCentral Government, Seoul Municipality,
Seoul Metropolitan GovernmeahdCultural Heritage Administration
1 Citizen Associationsand UnionsCi t i zends Committee
Private Groups and Partnerships Cheonggyecheon Research Group
1 Desgners and Engineers Seoul Development Institute urban design team,
Dongmyung Eng, Daelim E&E&

|

Project Outcomes:
1 Environmental

o Flood protection foup to 200 years of flood while having the capacity for
sustaining flow rate of 118mm/hr.

o0 Increased the biodiversity of the atsaabout 639% from before the restoration
to after the end in 2008

0 Reduced urban heat island effée.5%)due to daylighting of thetream that
was previously covered. It was also affectdthe increase in vegetation,
reduction in vehicular travel and increased the wind speed.

0 Reduced air pollution caused by small particulate matter by 35% and minimised
respiratory diseases.

1 Social

0 Increased pedestrian activity by 76% and social interaction

o From 2003 and 2008, helped Seoul's bus and subway ridership rise by 15.1%
and 3.3%, respectively.

0 Attracts 64,000 visitors every day on average. 1,408 of them are international
visitors who provie the Seoul economy up to 2.1 billion won ($1.9 million) in
visitor expenditure.

i Economic

o0 There was about 360% increase in land prices for homes within 50 metres of
the restoration project which is double that of rate increases in other parts of the
city.

0 The number of enterprises expanded in the Cheonggyecheon region by 3.5%
between 2002 and 2003, which was twice as fast as company growth in
downtown Seoul. Additionally, the area's working population increased by
0.8%, compared to a 2.6% decline in doovmh Seoul.
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Key lessons learned:

1 Ingenious envisioningthe vision behind demolishing one of the busiest transport
corridors of Seoul was an innovative step.

1 Participatory approaehin order to streamline the process, participation from the
community, local traders and entrepreneurs was vital.

1 Pertinent system adapted for implementation and efficient project management

1 Political leadershipln order to successfully implement such a ground breaking project,
strong leadership with clegision and ability to get the approval of the locals was most
important.

1 The triangular project implementation structure, which included an administrative
agency to carry out the work, a research organisation to lend expertise, and a citizens'
committee tosolicit input from the general public, was succesg&goul Urban
Renewal: Cheonggyecheon Stream Restoration, 2022)

1 Similar initiatives have been encouraged to be undertaken in Korea and other parts of
the world as a resutif the successful completion.

2.5.2 Houtan Park, Shanghai

City population: 384333

Date of Design:20071 2009

Date of Completion:2010-15

Size:14 hectares

Client: Shanghai World Expo Land Development Co., Ltd.
1 Landscape Architect: Turenscape

= =4 =4 -4

Project Statement On the Huangpu Riverfront in Shanghai, Houtan Park is a regenerative
living landscape that was constructed on a brownfield of a former industri#l sienprehensive
restorative design strategy is used to treat contaminated river wategsaoik the deteriorated
waterfront in a visually appealing manner. Key elements of this strategy include the constructed
wetland in the park, ecological flood control, reclaimed industrial structures and materials, and
urban agriculture.

Project Goals:

1 To build a sustainable Expo that can handleuge influxof tourists and then convert it
into a longterm public waterfront park after the Expo.

1 To desigra green expo that showcases green technology for park design, water treatment,
and flood control.

1 Totransformfrom a temporary waterfront park to a permanent one.

To restore the polluted environment from the remains of the industry.

1 To improve quality of water and flood control.
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Figure 14: The view before park construction aafter the constructioShanghai Houtan Park, 2022)
Planning and design: The planning revolved around the conceplidf ands cape as

s y s t(éunk010)

1 Constructed wetlands andregenerative designReinvigoratedvaterfrontacts as a living
machine to filter watethat is contaminateandalso helps irflood prevention

. Constructed Wetland
and Eco-friendly Levee

Figure 15: Layering and integration of various functions and ecosystem services of thgY pag010)

1 Memory and Prophecy The postindustrial ececivilization and the site's layers of
agricultural and industrial history.
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1 Path Network: A network of routes connects the park's three main sections, which are an
environmentally regenerated landscape, urban agriculture, and industrial spirit.

Project Outcomes:

1 Environmental
o Enhanceshe water's quality by cleaning up to 634,000 gallons ofacoimated
river water per dayrom grade V which is not suitable for human contact to
grade Il that is for landscaping
0 Increases the biodiversity of the sitgh about93 plant species and more than
200 animal species
0 Successfully exhibiteduturistic cutting-edge design and construction methods
1 Social
o 590,500 visitorhad the opportunity fantertainment and education during the
2010 Shanghai World Expo.
0 Residents of the city and tourists from all over China and tilelwontinue to
enjoy these advantagewingto the park.
1 Economical
0 Water treatment technology utilised in the water features reduces water bills by
$116,800 annually.
0 Reusing 37 tonnes of steel and about 34,00C@ipdsstrial bricks from the site
reducel trash and cost an estimated $17,8@6 an added advanta@hanghai
Houtan Park, 2022)

2.5.3 Gorla Maggiore water park, Lombardy, Italy

City population: 3063361

Date of Design:200813

Size:30000 sgm.

ConstructionCost: 0 820, 510

Operation Cost (annual):t 3, 500. 00

Type of solution Treatment wetlands faombined sewer overfloCSOTW)

= =4 =4 4 - -

Project goals

The main objective is to prevent flooding while simultaneously limiting pollutants. Thus,
pollution and flood managemeratre addressed by the green infrastruct@eeen spaces
development, restoring of the degraded ecosystems as well as managing of blue areas such as
rivers, ponds, etc. are also the focus of this project.
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Figure 16. Location and site plafReynaud, Lanzanova, Liquete, & Grizzetti, 2017)

Project Objectives

The Gorla Maggiore aquatic park was created with the intention of offering four distinct
categories of waterelated ecosystem services: firstly, reducing pollution levels discharged into
the Olona River from a combined sewer overflow; secondly, preventing floods by collecting
rainwater and regulating the flow of water into the river; thirdllpwing for recreational activities
for the local community; and fourthly, supporting biodiversity and wildlife by providing habitats
for various species such as birds, macroinvertebrates, and amphibians.

Planning and design

The process for treating thnvater involves a combination of a vertigkdw treatment wetland
and a free water surface treatment wetland for further refilimgCSQTW is made up of several
components, including a CSO separation chamber, a grid and sedimentation tank for pyelimina
treatment, four VFTW beds for secondary treatment (totaling 3,840 m2), andTPW\S,174
m2) with multiple functions. The FWSW is responsible for treating both the first and second
flush, increasing biodiversity, creating a recreational space, avidgas a retention basin for
hydraulic purposes (with a potential floodable area of up to 7,200 m2).

In accordance with Lombardy laws, the CSO infrastructure was designed to direct a small
fraction of the flow (up to 17.5 L/s) to the central wastewagattnent plant, while the first flush
fraction (up to 640 L/s) is treated by the vertifftalv beds and the second flush fraction (CSO
loads exceeding 640 L/s) is sent directly to the FIWV& The system operates by gravity, with a
theoretical hydraulic retgion time of 36 hours.
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Coarse solid Sedimentation
CSO removal Tank

Second flush

Figure 17. Schematic diagram showimgechanism of CSQW (Cross, Tondera, Rizzo, & Andrews, 2021)

Project Outcomes:

1 Environmental
o0 Waste management improved
o Restoration of degraded marine and coastal ecosystems
o Water quality improved
o The stormwater management improved and also better flood control was
achieved
Biodiversity loss reduced significantly
o Ecological connectivity increased across the regeneratveaursit scale

o

1 Sociccultural
o Encouraged recreational activities and exercise lead to better health and
wellbeing of the community
o0 Increased support for education and scientific research

1 Economic
0 Nature based solutions helped in reducing costsdatment of CSO.
0 Reduction in cost of urban management

2.5.4 Najafgarh Waterway Revitalisation, Delhi

1 City population: 1.9 crores

Implementation status: Ongoing
Scale:Micro-scale: District/neighbourhood level
Project length: 41km

Drainage zonesSix

Monitoring Agency: National Wetland Authority
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Figure 18 Location of Najafgarh waterway in DelfiRewal, Khanna, Mall, & Diptivilasa, 2015)

Faridabad

Project Statement: Delhi has a uniqu&vaterscape heritagevinga continual natural water
system.Najafgarh waterway extends across Ceritlaith, West and SoutWest parts of Delhi
and there is a rising concern for the degrading water and diminishing water in the channel.

Project Goals: Thegoal is to improve connectedness within the urban fabric by channelling
pedestrian traffic inside the city and using the existing rivers, green spaces, historic, and
transportation aspects of the city. The aim is to design a pedestrian friendly city.

Project Objectives:

=a

To create an uninterrupted pedestrian and cycle trail along the waterway

To restore thelegradingiverine ecosystem.

To create sustainable amenities for the use by public

To rejuvenate and create places for public interaction and rénaveeritage value.
To create trail for Hickshaw connecting different parts of the waterway

To propose alternate transport such as waterway

Connect river with the people.

Protect the floodplains from adverse effects of development activities.

To spread aareness about the degrading waterbodies of Delhi.

To construct new bridges, reconnecting the urban fabric.

Use DEWATS system to clean black/grey water for irrigation

Najafgarh Edgefront Development along its tributaries by developing edge condition
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Key Plan showing Najafgarh Waterway

Figure 19: Sketchshowingproposed activitieand activity nodesalong Najafgarh waterwa§Rewal, Khanna,

Mall, & Diptivilasa, 2015)

Planning and design:

T

Rejuvenating the edges hygtivating the edges with entrance plaza and lighting
Activating the nodedy incorporating many activities like kiosk, restaurants, Delhi
haat, etc.

Pedestrian bridges connecting both sides of the waterway

Retaining and enhancing the existinigdiversity by developing wetland area using
bio-intensive beds.

Planting native trees to revive the biodiversity and stabilise bank.

Urban agriculture in the neighbourhood bringing healthy and sustainable food access
to the people.

Creating stepped edgbyg cut and fill method to prevent/ control flooding.

ExpectedProject Outcomes:

|l
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Environmental
o Biodiversity parks: Designated biodiversity zones for the preservation of the
natural biodiversity.
o Controlled flooding: water is welcomed through engineeredlfam and
provides opportunities for programs and refuge for wild species.
o Urban agriculture: Opportunity for weaker sections to be involved in urban
agriculture bringing in healthy and sustainable food for the community.
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o Energy efficiency: Water harvesy and solar energy can be used as sources of
power as they are natural energy resources.
1 Social
o Culture and historyThrough design, the site's cultural and ecological heritage
are portrayedhaving the potential toaise public awarenessf the waterway.
Heritage: retaining and remembering the memory of culture and heritage of the
nearby areas.
Environmental awarenes®aising awareness amongst the community for
protection of water bodies.
1 Economic
o Site develops into a neighbourhood thaherates employment opportunities: a
commercial area where people ngayfor shoppingplaying and relaxng.

2.6 Learnings from case studies

Table 1. List of reviewed casstudies

Case study Objectives Approach

Cheonggyecheon To restore environmental, | The elevated highway along the
Stream historic and improve the | stream was demolished to shift
Restoration, quality of life around the | from an autecentric development
Seoul,South stream. oriented landscape tme valuing
Korea the peopl ebs qU

participatory approach and clear
defining longterm vision, short
term action plans and
implementing agency.

Houtan Park,
ShanghagiChina

To build a sustainable Exp
that can handle a huge
influx of tourists and
transforming it into a long
term public waterfront park
after the Expo.

A comprehensive restorative
design strategy is used to treat
contaminated river water and
restore the deteriorated waterfro
in a visually appealing manner.

Gorla Maggiore
water park,
Lombardy,ltaly

To treat CSO (combined
sewer overflows) in a
sustainable manner and
transform public space.

Naturebased SolutionTreatment
wetlands used to treat CSO,
mitigate flood and to increase
biodiversity.

National Institute of Urban Affairs

Najafgarh To rejuvenate the degradin Activating the edges by
Waterway riverine ecosystem and incorporating many activities
Revitalisation, create places for public helped in educating people of
Delhi, India interaction and provide culture and history of Yamuna ag
uninterrupted pedestrian | well as restore biodiversity.
network.
ki' A .&g,g" NAMAMI
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Following are the catalysts for creating public space

T

=

N

i AAIF>
National Institute of Urban Affairs sy WML

A strong local leadership to encourage the importance of public spaddgving the
ability to go through with the vision.

A strong vison, desire and willingness to change is key to successful placemaking
Participatory designing with the community, local government authority and NGOs
Identifying the opportunities or the urban voids which lack any activities and infusing
them with life aad character.

On successful integration of public realm and natural ecosystem, the urban voids reap
many socieeconomic benefits.
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3. Study Area

3.1 About Bhubaneswar

The site chosen for the thesis is Bhubaneswar. The tier 2 city is often illustrate & lkartira
Khetra or the City of Temples One of the earliest planned towns in IndiBhubaneswar, which
was planned btto Kénigsberger in 194@he city has expandegurther towardthe southwest
because of reserve woods in the navessternpartand flood plains in the eastepart Kalinga
architecturas evident in the entire cityrhe most popular tourist spots in Odisha are the Swarna
Tribhuja or Golden Triangl whichconstitutes oBhubaneswar, Konark, and Puri.

The population of Bhubaneswar in 2022 is 1,226,033, with 2.65% increase from 2021

(Bhubaneswar Population 2022, 20ZPhe population density is about 76 PPH which is lower
than average density of large citi€s25 175 PPH).With rapid urbanization and urban
densification, Bhubaneswar has seen a rise to the urban voids, with some of them having the

opportunity to be trarfisrmed into public spaces by infusing activities.

Figure 20: Bhubaneswar Development Plan and Bhubaneswar Municipal Corporation planning boundaries
(Bhubaneswar Smart City Proposal, 2015)

3.2 Brief history

Bhubaneswar's history can be divided into two phases: Ancient Bhubaneswar and Modern
Bhubaneswar. The ancient city has a rich history dating back over 3000 years (1st and 2nd century)
to the Kalinga empire, while the modern city vesdablished in 1948.1HE old citywasof great
significance prior to the emergence of the modern city. This is evident from the numerous
historical monuments located in and around the city. The city was first mentioned during the

Pagez6
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Kalinga war and has sevéthin and Buddhist temples that were built during the Ashokan rule,
indicating its importance during different periods.

1930-56 1974-81 1981-85

I csuiTup 1930 IBUILTUP 1956 IMBuitup 1974  IMBUILTUP 1981 BUILTUP 1985 M BUILTUP 1990
EBuiLTup 1997  IMBuUILTUP 2000 MM BUILTUP 2005 —— MAINROADS ~ ———NHS =+ RAILWAY LINE
WARD BOUNDARY OUTER PLANNING ZONE I RIVER

Figure 21. Bhubaneswar urban sprawl from 193005 (Mishra, Mishra, & Subudhi, 2018)

From the 7th to the 11th centuries, the city continued to demonstrate its historical significance
as several empires constructed Hindu temples dedicated to various deities. Although Cuttack was
named Odisha's capital in 1936, due to its vulneralidifioods, it was no longer deemed suitable
for the title in 1947. As a result, Bhubaneswar was awarded the capital status, a title it continues
to hold todayln 1946, the German architect Otto Konigsberger designed the modern city, which
was one of thearliest planned cities in modern India, alongside Jamshedpur and Chandigarh.

3.3 Civic and planning organisations

Bhubaneswar is home to several key state and civic administration bodies. Bhubaneswar's
urban local body, the Bhubaneswar Municipal Corpora8Wv), governs the city and covers an
extensive area of 162.5 square kilometers, including 67 wards and 51 revenue villages. Founded
in 1994, the BMC serves as the city's apex body and is primarily responsible for providing services
that enhance residentpiality of life. Every five years, a councilor is elected for each of these
wards. Themayor issues directives that the BMC carries out, and the Commissioner leads the

ms“,
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executive wing of the BMMC overseswater supply, drainage and sewerage, sanitetdit
waste management, street lighting, and building regulation.

The Bhubaneswar Development Authority (BDA) is the primary planning authority for
Bhubaneswar, established in 1983 under the Odisha Development Authorities (ODA) Act of 1982.
BDA is responsible for managing the planning and development of infrastructure, providing
developmentelated sites and services, and addressing the housing needs of the @itsns
Bhubaneswar, 2018)

3.3.1 Organisation Structure

—

I | I l [ I

i - Communication
Engincerng & O SO cro Plamings T
Technology) gn Campaigns

M:'magx..‘r Manager L Supported by J
Engineering Technology Bhubaneswar Urban
|

Knowledge Centre

T 1
Dy Manager Dy Manager
(Engineering) (Construction
Management)

I l

Manager

Manager

Manager Manager Manager Manager
» O = - ‘nance & >
Env Vlron‘menml Energy Open Spaces Finance & Prociuteaent MIS
Services Accounts
| [ | | |
SS SS < /
é\ t Managel’l Asst Manager Asst Manager AF_t Manaier Asst Manager
vironment: ; - ance & .
n ‘m n.mml.l Energy Open Spaces mance Procurement
Services Accounts

Figure 22. Organisational structure of BSCL

TheBhubaneswar Smart City Limited is aSpecial Purpose Vehic(&PV) under the Smart
City Mission programme. It collaborates with technology vendors, builders

and financers for the lake zone development along the drain no. X. There are various sections such
as engineering and technology, administration, operatpasning and design, communications
and campaigns under which planning and execution is done.

3.4 Demography profile

Bhubaneswar is a city with a diverse demographic profile, comprising individuals from various
ethnic and linguistic backgrounds. As per the RQEnsus of India, the city had a population of
881,988 with a sex ratio of 899 females per 1000 males. Moreover, Bhubaneswar boasts a literacy
rate of 93.63%, which is higher than the national average.
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Figure 23. Chart showing gpulation size and rate of increase for Bhubaneswar

The city's predominant religion is Hinduism, although there is also a substantial minority of
Muslims and Christians. Odia is the official language of Bhubaneswar, but many people in the city
also speak Hdi, English, and other regional languages.

Bhubaneswar is home to several prestigious educational institutions such as IIT Bhubaneswar,
NISER, and AIIMS Bhubaneswar, which attract a significant student population. This has
contributed tdBhubaneswar's reputation as an educational hub in eastern India.

3.5 Transport and connectivity

Bhubaneswar has a road network spanning
an area of 1960 sqg.km, which provides dir
connectivity to Kolkata and Ranchi in the Nor
and Visakhapatnam, Hydérad, and Vijaywada i
the South. In addition, Bhubaneswar has r
connections to all major cities within the state.

It is home to the headquarters of the Odi
State Road Transport Corporation (OSRTC), .
offers a variety of bus services ranging fromtest
run to private operators. Bhubaneswar has di
road links to neighbouring states like Andt
Pradesh, Jharkhand, and West Bengal, withSN
providing good connectivity.

Apart from roadways, Bhubaneswar is a
well-connected through railways aatports.

Figure 24. Road network of Bhubaneswar
(CDP,2030)

The East Coast Railway has its headquarters located here, with five railway stations within the
city limits - Mancheswar, Vani Vihar, Patia Halt, Bhubaneswar Staaow, Lingaraj Temple
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Road. The Biju Patnaik Airport, located just 3 kilometres away from the city, has been upgraded
to an international airport and connects to destinations in the Middle East and Southeast Asia.

3.6 Tourism

Odisha's tourism industry is closely linked to Bhubaneswar, which boasts a variety of
attractions that draw millions of visitors each year from both within and outside the country. These
include prominent landmarks such as the Old town, Lingaraja templ#y Barovar, Khandagiri
and Udaygiri, Dhauli Giri, Nandankanan zoo, Mukteshwar temple, and Odisha state museum,
among others. Each site has its own unique features and fascinating history, providing an enriching
experience for tourists. Moreover, thesadmarks are an integral part of Bhubaneswar and
Odisha's culture and heritage. As one of the most peaceful aridesrtly cities, Bhubaneswar
Is particularly attractive to tourists.

o T
L Pa e

Z0OLOGICAL J
7

JANDANKANARN |
. N 3%

Figure 25. Major tourist attractions in Bhubaswar
From top left Lingaraj Temple, Khandagiri Caves, Nandankanan Zoological Garden, Ram Mandir, Dhauli Giri,
Dhauli Giri- Buddha statue, Raja Rani Temple, Mukteshwara Temple, Udaygiri Caves

3.7 Natural drains of Bhubaneswar

The Gangua nallah is a stream that originates from the western upland region of Bhubaneswar
in the Chandaka Reserve Forest aredoWws between ayacuts of Daya West branch canal and
Lingipur distributary from NW to SE outskirts BhubaneswaiThe totallength of Gangua nallah
from its source to its confluence point is approximately 45 kilometres, with a polluted stretch
covering about 32 kilometres after it starts receiving wastewater from the city.
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The city of Bhubaneswar lacks an organized sewagemesatsystem, and its untreated
sewage is discharged through ten stormwater drains that carry wastewater and empty into Gangua
nallah at different locations. As a result, the stream is polluted by the discharge of municipal
wastewater from the city througieveral stormwater drains. However, the city's natural gradient
from west to east provides a natural advantage for drainage, and the wastewater of the city flows

through these stormwater drains.

Table2: The major drains flowing iBhubaneswar and draining to Dajj@shi & Mishra, 2017)

Sl | Drain name Starting from Qutfall River Length | Catchment | Discharge
no. Pomt
Em Ha. MLD

1 Gangua nallah Chandka Forest | DayaR. Daya 37.18 | 10343 107.25
2 | Patia & Damana | Patia forest Daya west | Kuakhai | 4.32 1693 17

canal
3 Mancheswar Sainik School Gangua Daya 1.13 144 1.55
4 QAP area Vani Vihar Gangua Daya 242 331 3.55
5 Barana Vani Vihar Gangua Daya 5.63 1367 16.4
6 Tharpada Old Rly station Gangua Daya 3.13 366 4.45
7 | Baragarh Baragarh area Gangua Daya 2.16 289 3.45
8 Gosagareswar old Gangua Daya 4.34 946 5.45

Bhubaneswar
9 | Airport area Baramunda Gangua Daya 433 1299 143
10 | Ghatikia Aigima Gangua Daya 424 1255 28.8
11 | Nicco park CRP Area Gangua Daya 5.48 1028 12.3
a L
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4. Data Inventory

Both primary and secondary surveys are carried out to understand the potentials, problems
and opportunities of the study area through various parameters and variables. These parameters
include physical determinants such as land use, accessibility, land ownership, water quality and
sociccultural determinants such as demography, economic condition, capacity building and
institutional guidelines.

4.1Survey Framework
The surveys carried out for the study can be broadly classified as shown in the figure below.

Surveys

|
[ |

Primary Survey Secondary Survey

Questionnaire Visual Survey Reports/ Maps

Reconnaisance survey .
Government Authorities

Household survey Transact survey (BMC, BDA, SPCB, etc)
Commercial survey Photographs Agencies
Expert Opinion survey Observations of ongoing

activities
Figure 26. Survey Framework
4.2Survey Procedue
4.2.1 Selecting geographical voids

1 Preparation of drainage map using ArcGIS and delineation of catchment areas of the
natural drains of Bhubaneswar

1 Selecting geographical voids based on the natural drain from the drainage map

Shortlisting voids based on the analysis of drainage maps and parameters identified

1 Reconnaissance survey of the natural drain and its surrounding areas to further
delineate actin areas.

1 User perception surveys and expert opinion sureaysed out for the selected action
areas.

=a

In order to select the geographical urban voids, criteria were created to see if the area would
fulfill a minimal norm for potentially becoming a pubbkpace. The criteria were based somewhat
on the(Characteristics and Guidelines of Great Public Spaces, ,28id theiProject for Public
Spaces' What Ma k essThacrit&ia forcaesting the lgeodtdplacabsdPdtel
& Gandhi, 2022)

a. Size A minimum of 40 sgm must be accessible, which will easily accommodate at least
10 people.

b. Visibility : must be noticeable and raise awareness; and should not be hidden and visible
publicrealm.
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c. Function: The space's principal use might be altered without harming the environment in
order to benefit the neighbourhood.

d. Accessibility: it must be accessible by roads or public spaces and not be hindered by any
physical or social barriers.

e. Safety. It has to be regarded as a secure area for interaction and gathering by the general
public. Additionally, areas with steep slopes that would be challenging for the general
people to manoeuvre were removed.

4.2.2 Likert Scale Analysis

Place performance evaluabn is carried out on the selected action areas of the geographical
voids within the city. Thisis carried outwithpgfoi nt or di nal Li kert scal
response to the various attributes of placemakimg attributes are selected dre tbasis of 4
parameters of placemakirf@/hat is Placemaking?, 20Q%yhich are comfort and image, access
and linkages, uses and activities, and sociabiRigting the voids would help in identifying the
current status of theoids and determining how these voids were functioning or interacting with
the city fabric.

The places were rankdobm 1 to 7 according to the given characteristics based on existing
condition. (Where 1= Very Poor, 2= Poor, 3= Somewhat Poor, 4=Neutbnewhat Good, 6=
Good, 7= Very Good)

Table 3. Likert scale for rating of the geographical urban voids

Attributes
Comfort & Image 1 2 3 4 5 6 7
Overall attractiveness
Feeling of safety
CleanlinessMaintenance
Comfort of places to sit
Green

Access & linkages 1 2 3 4 5 6 7
Visibility from a distance
Ease in walking to the place
Transit access

Clarity of info/ sighage
Uses & Activities 1 2 3 4 5 6 7
Mix of stores/services
Frequency of events/activitieg
Overall busyness of area
Economic vitality

Sociability 1 2 3 4 5 6 7
Number of people in groups
Evidence of volunteerism
Sense of prid& ownership
Presence of children & senior

09O 5,
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4.3Primary Data Collection

Accessibility, assessment of existing natural drains and their woédsonducted as part of
reconnaissance survey Househol d
perception survey about existing urban voids and their placemagamymercial and expert

survey to

under stand

opinion surveys are conducted through structuyeestionnair§Refer Annexure for sample

survey formats). Expert opinion surveys will also help to identify the action areas around the
natural drains in the city.

Reconnaissance survey is carried out to understand condition of the existing naturaldirain a

the voids around it, accessibility, road width, land use, ownership, perception of people.

Table4. Table showindype and relevance stirvey

Sl Type of Survey

Relevance of Data

Samples & Location

1 | Household Survey

-DemographysSocioeconomic status

-Travel characteristics,

-RecreationPurpose of recreation

-Willingness to pay,

- Ranking of major attractions

-Potential areas for waterfront development
-Preferred activities/ facilities around the voids

200 Samples
Collected

(Influence zone of drai
no. X)

2 |Peopl eds

P

-Place performance evaluation

3 | Expert Opinion

-Identifying voids of natural drains for action area
-Current status of voids and need for revitalization,
-Financing of projects,

-Proposals for drain revitalizatipn

-Main issues faced by the natural drains & their voidg
- Reasons for current situation (Authorities/ policies/
financial/ capacity building)

-Potential areas for development along natural drain
-Type of land use suited for the voids around drains
-Preferred activities/ facilities around the urban voids
-Factors affecting flood vulnerability

9 Samples

(Planners, Professors,
Forest, Environment
and Climate Change
DepartmentBMC,
BDA, BSCL, SPCB
officials)

4 | Commercial Survey

-Ownership,

-Size and type of business,

-Average customers per day,

-Need for revitalization of drain,

-Aspirations for develpment,

-Potential of the commercial establishment

-Most preferred locations along the natural drain
-Facilities expected to set up commercial establishmg
-Area requirements & monthly rental value

50 Samples
Collected

(Influence of Nicco
ParkDrain)

5 | Visual survey

-Activities in the voids around the natural drain
-Present condition of the voids

-Polluting areas

-Condition of existing infrastructure

-Major issues

Transact walk
Photographs
Observations

LI

National Institute of Urban Affairs

NAMAMI

Pages4

t

s



Sponsored Thesis Project Competitionfoml9a ! DLbL b D |

w(Sedadon3w L + 9 w{ ¢

Unpacking the catalyzing potential of geographical urban voids around the natural drains in the fabric of

Thesampls i ze i s
Z’pq
Ng = >
e

Bhubaneswar

4.3.1 Sample size calculation

cal cul ated wusi Coc

ng

Where e = Margin of error, p = population proportion

hranos

As per census 2011, the populatiorzohe of influence of the drain no.i¥X99,015which has
been used for calculating the sample s&ample size of 208 has been selected for the study.

cal cul

Table5. Cochrands sample size
Population Confidence Margin of Population Sample
size Level Error proportion Size
99,015 99% 5% 50% 666
99,015 90% 5% 50% 273
99,015 85% 5% 50% 208

4.4SecondaryData Collection

S

ati

am

or

Government departments and data collected from other sources for secondary data collection.
All the secondary data collected from various sources are summarized in the following table.

Table6. Table showing relevance of survey

SINo. | Reports/ Documents/ Maps Relevance of Data Source

1 Comprehensive - Proposed Land Use BDA
Development Plan2030 -Zoning regulations

-Road hierarchy

2 City Level information - -Present land use activities in the voids along natural | BMC
Ward map, Land use land drains
cover, Land ownership -Ownership details of eagiarcel of land

3 Hydrology & drainage map | -Understanding the hydrological regime BMC

4 Water quality data -Water quality levels of BOD, COD, TSS &oliform SPCB

5 Contour map -Understanding the natural slope BMC

6 Physical Infrastructure - -Sewage discharge and outfall points WATCO
sewerage layoutommunity | -Current scenario of availability of toilets
and public toilets

7 Recognized slums -Encroachment of informal settlements in the voids of | BMC Housing

natural drains Dept.

8 Progress report on -Overall idea of ongoing works and their statiisancing | BSCL,
initiatives for natural drains | of the projects CITIS

10 Recreation areasaround -Understanding current scenarioretreation areas BDA
Nicco Parkdrain

11 Biodiversity and ecology -Native species of vegetation FE & CC
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5. Analysis

The analysis has been carried out as per the framework illustrated in the figure.

(1. Administrative boundaries R
A) Mapping the city level 2. Existing & Proposed Land Use
information 3. Existing Land Cover o _
Z \4 Natural Resources(Temp, Humidity, Vegetation) )
[
Z WU a
< &  B) Delineating catchment 1. Delineation of identified Basin
= 2 area \2. Zone of Influence & Catchment Area )
o<
& w
S=2 . 1. Historical Dataset of Satellite Imagery (Past 15 years) )
& €) Mapping of natural 2. Mapping out characteristics of natural drain (based on Ownership,
drain of study Encroachment)
\3. Documentation of Existing conditions of Natural Drain ) SUMMARIZING
. Demography, economy and perception on the basis of HH N\ ISSUES
9 survey
o 2. Place Performance Evaluation
3 > A) Demggraphy & user 3. Analysing Expert opinion PROPOSALS
5 g perception 4. Analysing perception, aspirations of shopkeepers
g o \5 Mapping Real Estate prices by Private Developers J
g g (. Connectivity and road hierarchy )
42 . - 2. Space Syntax analysis (Visibility Graph & Axial Map)
B)M bil - .
. 8 ) Mapping accessibility 3. Connectivity of public transport
"u \4 Accessibility to nearby attractions and amenities )

Figure 27. Analysis Framework

5.1Action Area Delineation

There are 10 natural drains in Bhubaneswar, flowing into Gangua Nala. The natural drains
were ranked on the basis mdrameters identified in the literature study- size, visibility from
public realm, function, accessibility, safetyas perreconnaissance survey and Landsat
i magery, e x p e ofttrangfornping evdids in® rpubkc place was also identified.
Opinions of 5 experts were considered and the final results were tabulated as following table.

Table 7. 5-point Likert scale analysis

Patia & Damana 4.32

Jharpada 3.13
Baragarh Drain  2.16
Gosagareswar 4.34
Airport area 4.33
Ghatikia 4.24

_________________________

Poor Somewhat Poor Neutral .Somewhat good .Good
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Based on the above variabl&gyoint Likert scale analysiswas carried out ranging from
poor to good and was colour coded as shown in the fakdé no X or the Nicco Park drain
had the best score in Likert scale analysthvaas selected for the studyrain no. X has &ngth
of 5.48kmand action area was selected which was a part of the drain.

Theaction area is approximatedy5 kilometres long stretch of Drain no. X The selected
area stretches from old Nayapalli, Uaiand terminates at Saheed Nagar railway line.

Kalinga Bidyut Marg  BDA Nicco Jaw »
Nel Drain X

Stadium Park

Figure 28. Map showing action area highlighted and key map of Bhubaneswar showing drain no. X

The action area of drain no. X is divided into three zor8srdm West to East, which are
separated by arterial roadslawaharlal Nehru Marg and Janpath. Zone 1 lies in Madhusudhan
Nagar and is bounded by Bidyut Marg alaaharlal Nehru MargZzone 2 les in UnitlX area
and is bounded byawaharlal Nehru Margnd Janpath. Zone 3 lies in the Bhubaneswar Town
Center district and lies in Saheed Nagar and Satya Nagar area.

The action area zones are also the three lake zones defined by Bhubaneswar yhiauitégit
and Bhubaneswar Municipal Corporation for revitalisation of lakes where lake zone 3 is also
referred to as lake neutral.

5.2Mapping the city level information

The layers of city information are mapped which includes administriativadaries, existing
and proposed land use, natural resources, infrastructure and economic base of the site.

5.2.1 Administrative boundaries

Table 8. Bhubaneswar statisti¢€omprehensive Development Plan Projections/ Provisional CeQ4d},2

Jurisdiction Boundaries BMC, BDA
BMC Area 135 Sq.km.
Population (BMC' 2011) 8,38,837**
Decadal growth rate 29.4%
Population density (BM&011) 62 pph
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BDA Area 419.10 Sg.km.
BDPA is divided in four administrative units, BMC, Khurdha,
Jatni and BDA rural.

AUDA Area 15,72,000*
Population Density (BDA) 37.5 pph

A Kilometers ,/
0 15 3 6 9 -

Figure 29. Administrative Boundaries and Site

The study area drain no X lieswards 2830 and 3436 encompassing Madhusudhan Nagar,
Unit-9, Saheed Nagar and Satya Nagar.

5.2.1 Population Statistics

Table 9. Ward wise populatiofSmart City Bhubaneswar (Bhubaneswar one, n.d.)

Ward No. Area Househol Total Population _Population-
(sg km.) Total | Male | Female |Children (014 yrs.)
28 0.456063 | 2704 | 12230| 6386 | 5844 1025
29 0.477211| 2796 | 11518 6115 | 5403 1198
30 0.404762| 2850 | 12220( 6348 | 5872 441
34 0.551555( 3375 | 13013| 6854 | 6159 1108
35 0.43703 3422 | 14130| 7436 | 6694 1392
36 0.233084( 2744 | 11509( 6058 | 5451 1783
37 0.425838( 2831 | 11679| 6079 | 5600 737
39 0.512167| 3148 | 12716| 6734 | 5982 587
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Figure 30. Wards in the zone of influence of drain no X.
A total of 99,015 live in the wards in the influence zone of drain ndn>2011, average
household size of Bhubaneswar was 4.36. Between 1991 and 2011, average household size

declined from 5.28 to 4.36.

5.2.2 Land Use and Land Cover

o
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Figure 31. Existing land use map
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Figure 32 Proposed land use map of action area CDP 2030

As per CDP 2030 (land use below), the DrainXdas been proposed to be widened and the

residential character of the surrounding land use to be retained. Under this scheme, the encroached
dwellers are to be resettled.

The existing land use map of draio X and its zone of influence showet the urban void of
the drain has predominantly recreational or vegetation/ forest land use. The voids are currently
neglected with no activities despite being recreation area.

VACANT LAND VEGETATION/ WASTE LAND WATER BODIES
WITHIN FOREST LAND 0% 1%
DEVELOPED AREA 13%
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Figure 33. Land use percentages
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The existing land use i

Table 10. Land use percentages

= =
WAL

predominant residential (23Y% Land use (L1) Total Area (sgq km)| Percentages
and public sempublic (19%) Residential 387785 22.8
use constituting 42% of the tot Residential other 105120 6.2
land use. Transpaotation Commercial 101720 6
constitutes a significant 14¢ Mixed use 70204 4.1
and vegetation and forest lai Public & semi public 317438 18.7
constitutes 12.7%. Informe Recreational 148937 8.8
settlements or slums wstitute Transportation 237271 14
6.2% which are mosﬂy in th Public utilities 2197 0.1
urban void of the natural draii | acant land undedevelopment 54054 3.2
Recreational. commercial ar [Vacant land within developed a 34299 2
mixed land use is also seen Vegetation/ forest land 215940 12.7
the range of 6%. Waste land 698 0
Water bodies 23831 1.4
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Figure 34. Land cover classification from 192D21(Das, Jana, Mandal, & Sutradhar, 2021)

The landcover maps from past 20 years shawttiere is a significamcrease in built up area
around the natural drain no. IDhe builtup areaof Bhubaneswaincreased significantly from
49.94 sq km to 112.95 sq km, whereas the waterbody area decreased from 8.44 sq km. to 3.6 sq

km. the developmental stress has contatduo the decline in areas of waterbody throughout the
city.

5.2.3 Natural Resources

5.2.4 Climate

Bhubaneswar's climate is characterized as tropical, with high temperatures and humidity levels
that persist yearound. The city undergoes a significant shift in pation between the summer
and winter months, with most of the rainfall occurring between June and September during the
monsoon season. Conversely, the winter period from December to February is relatively dry. On
average, Bhubaneswar's temperature dhyntenges around 26.6°C | 79.9°F, with the summer
months occasionally seeing temperatures as high as 40°C | 104°F. Képpen and Geiger classify the
region as Aw, indicating opical savanna climatethat features dry winters. The city receives
around 1628nm | 64.1 inches of rainfall annually. Despite being located near the equator, the Bay
of Bengal's proximity and the monsoon winds influence Bhubaneswar's weather, leading to
indistinct summer seasons.

409C
= Max temp
/,.——"""“\\ = Min temp
e e » | —— e gy
5 ‘ !/\_ T
© 1 ey
7 2590C - »/u"__-“‘.f fx_‘_r,__ —— .\
5 i ‘ ‘ I\
- ,{/ | ‘ "
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Average min and max temperatures in Bhubaneswar, India Copyright © 2023 weather-and-climate.com

Figure 35. Average dayand night temperaturlimate in Bhubaneswar (India), n.d.)
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Figure 36. Monthly precipitation(Climate in Bhubaneswar (India), n.d.)

5.2.5 Normalized DifferenceVegetation Index (NDVI)
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Figure 37. NDVI maps from 2012020

The NDVI maps are generated for 15 years in winter season (Jafarathg action area and
its zone of influenceThe NDVI maps shows the decreasusgetation (values close to +1) in the
site area. The NDVI values close to +1 shows a possibility of dense green leaves whereas, close
to zero shows built up area.
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5.2.6 Hydrogeomorphology

The hydrogeomorphology of Bhubaneswar is heavily influenced by itsdoda the Eastern
Ghats Mountain range and its proximity to the Bay of Bengal. The city's terrain features
undulating hills, small streams, and several ponds and wetland$hegeology of the area is
mainly composed of granites, gneisses, and schjstghich significantly impact groundwater
quantity and quality. Bhubaneswar's hydrology is also affected by the Mahanadi River basin,
Odisha's largest river system.

The city is situated in the upper regions of the Mahanadi basin, and its water supply comes
from its tributaries, such as the Kuakhai, Daya, and Bhargavi rivers. Groundwater is the primary
source of water supply in Bhubaneswar, mainly drawn from the deep aquifers in the region.
Nevertheless, due to the swift urbanization and population growth, treendefor water resources
has increased, leading to the overuse of groundwater and a decline in water quality.

The drain no X. which is a valle
fill shows the hydro morphology ¢
flood plains and pediment as per t
above map. The drain no X flow
into Gangua Nallah in the East |
draining through the alluvial plain
of Rasulgarh and other areas

Figure38. Hydro-geomorphological
map of Bhubaneswar (CGWB, n.c

LEGEND
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B VALLEYFILLS
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Bl BURIED PEDIMENT
PEDIMENT
BN DENUNDATION HILL

B RESIDUALHILL

5.3Delineating catchment area

The catchment area of tlmatural drain is delineated using by identifying and defining its
boundaries. This process entails analysing the terrain and land3capecurately map and
delineate the catchment area, various techniques, including remote sensing, GIS, and field surveys
are utilized.

Catchment area delineation is critical in water resource management and flood prediction
because it aids in comprehending water flow, estimating water runoff volume, and evaluating the
impacts of changes in land use and climate varialohtyvater resources.

5.3.1 Delineation of identified Basin

The study areaf drain no. Xand its basin shows that the natural drain is a first order stream
which joins the second order Gangua nala. Gangua nala discharges to Kuakhghezeainage
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basin ofNicco Park is influenced by the topography and surrounding landscape, such as the land
use patterns, soil characteristics, and slope of the terrain.

| B
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Figure 39. Drainage basin and stream order

5.3.2 Contour and Elevation profile

LEGEND
DEM VALUE [0 =21 [0 <8
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Figure 40. DEM & Contour of the drain no. X
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Bhubaneswar is situated in the hilly terrain of the Eastern Ghats in the eastern part of India. Its
topography is marked by undulating hills, plateaus, and valleys, and its elevation ranges from 45
meters (148 feet) to 110 meters (360 feet) above sea Hwelhighest point in the city is the
Dhauli hill located in the southern part of the city. The contour map of the drain no. X is studied.

Elevation Profile

Figure 41. Contour profile
The city has a natural gradient from West to East and therbfts a natural advantage for
drainage. The wastewater of the city flows through the storm water dréi@slevation profile
of the action areahows about 12m difference from west to east, east being the lower gradient.
The drainhasdry flow of 0.414 abic metres per secondn dry or noamonsoon season.

5.4 Mapping of natural drain of study
5.4.1 Physical Vulnerability Mapping
Shannondés Entropy and Fuzzy TOPSI S

An expert opinion survey was conducted with experts from academia and the government in
the form of semstructured interviews to better understand the significance of the measures of
physical vulnerability that were chosen. Experts were asked to give adegmeding on how a
particular criterion affected how vulnerable a particular site wiag experts were chosen from
various disciplines related to urban planning gadernance and their given scores were tabulated
and analysed using fuzzy TOPST®e exyerts had the following designations

i.  Assistant Planner, Bhubaneswar Development Authority
ii.  Additional Chief Environmental Engineer, SPCB (State Pollution Control Board)
iii.  Chief Environment ScientisBhubaneswar Municipal Corporation
iv.  Chief Engineer, Water Daptment, Bhubaneswar Municipal Corporation
v. General Manager, Project divistoih, Water Corporatiorof Odisha

Table 11. Criteria for mapping physical vulnerability

Question Score the following factors as per theintribution to increasing vulnerability of people duri
flood
Criteria Infrastructure Natural Terrain Locational
Presence of drain line§ Spot Slope  (hilly | Proximity to | Proximity to
pumping stations et( elevation terrain) river/canal major traffic
(flow length) routes
Opinion score
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Table 12. Ranking of criteria from low to high vulnerability

Very Low =1 | Low =2 Medium =3 High =4 Very High =5
Criteria has an

Criteria has | Criteria has minor| Criteria has indirect but strong | Criteria has a direct

no effect on | effect on considerable effect | effect on and strong effect on

vulnerability | vulnerability on vulnerability vulnerability vulnerability

Fuzzy TOPSIS was used to determine which response hdmkshdit score. Weightages
were calculated using Shannon's entropy approach to help with the selection.

542 Shannonds Entropy for determining weigh

5.4.3 Decision Matrix

Raw data is collected durirthe expert opinion survey which are conducted dupirignary
interviews. Scores agssigned based on the expert opinion and@meerted to a numerical scale
for ease of calculatiorA decision matrix that shows the performance of each alternative aigains
each criterion is created. The decision matrix can be denoted by X, where Xij represents the
performance of alternative i on criterion j.

Table 13. Raw data collected from respondents. Experts anonymised for minimising bias.

: . Proximity to
Expert Flow Length Spo.t Slope _(h|IIy P.rOXIm'ty 0 major trgffic
elevation terrain) river/canal
routes
A 3 4 2 5 4
B 1 2 2 4 3
C 2 1 1 5 2
D 1 3 2 4 3
E 2 3 1 5 2
Sum 9 13 8 23 14

5.4.4 Step 1i Normalized Decision Matrix

Scoresn the decision matriare normalizetby dividing each value in the matrix by the square
root of the sum of squares of the values in the corresponding column.

pij = )iy =1 2, .om 5i=1, 2, ..n

> Xij

Table 14. Normalised Matrix for finding Project Outcomes Pij

Flow Spot Slope (hilly | Proximity to | Proximity to major
Expert . . . .

Length elevation terrain) river/canal traffic routes
A 0.33333333| 0.30769231 0.25 0.2173913 0.28571429
B 0.11111111| 0.15384615 0.25 0.17391304 0.21428571
C 0.22222222 | 0.07692308 0.125 0.2173913 0.14285714
D 0.11111111| 0.23076923 0.25 0.17391304 0.21428571
E 0.22222222| 0.23076923 0.125 0.2173913 0.14285714
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5.4.5 Step-2 Computation of Entropy

Entropy refers to the amountioformation contained in the datantropy is calculated using
the following equation and is shown in the following table.

E, =~k [p,0(p, /)] 5j=12um; i=1 2, ,om.
In whichk= 1/In (m)which is a constant (hormalizing) value.

Table 15. Computation of Entropy

Expert Flow Spof[ Slope _(hiIIy P_roximity to mgﬂr‘gﬁ}g
Length | elevation terrain) river/canal A
A -0.36620| -0.36266| -0.34657 -0.33175 -0.35793
B -0.24414| -0.28797| -0.34657 -0.30421 -0.33010
C -0.33424| -0.19730| -0.25993 -0.33175 -0.27799
D -0.24414| -0.33839| -0.34657 -0.30421 -0.33010
E -0.33424| -0.33839| -0.25993 -0.33175 -0.27799
Sum -1.52296| -1.52471 -1.55958 -1.60367 -1.57410
Eij= sum*(-k) 0.94627 | 0.94735 0.96902 0.99642 0.97804
Eij(approx.to 3 dec)| 0.946 0.947 0.969 0.996 0.978
dj= 1-Ejj 0.054 0.053 0.031 0.004 0.022
Sum of (2:Eij) 0.164

5.4.6 Step-3 Computation of Weights

The weights of all the criteria are calculated on the basis of the following equation:

j 2j=1d5

In which,Dj = 17 Ej
Table 16. Computation of Weights

: . Proximity
Spot Slope (hill Proximity to :
S Sley LEmgiT eleve:\tion teFr)rai(n) ¢ river/ca)rllal to. major
traffic routes
Wij 0.329 0.323 0.189 0.024 0.134
Sum Wij 1.000
Positive Positive Positive Negative Positive
Shorter Shorter
distance/morg distance/more
Presence=higl Presence=higl Presence=higl canals= lower roads= higher
score score score score score
N oy NAMAMI Pagess
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5.4.7 Fuzzy TOPSIS for selecting ideal score

A fuzzy number is number of vague ianprecise value, and is often used when converting
nontnumerical scores to a numerical scale. It converts the scale to an overlapped numerical scale,
and often mirrors the physical world better than single digit scBuzzification is the conversion
of acrisp set to a fuzzy sdh this case, fuzzification by triangulation is used to convert the scores
within a range of P over five bands.

Table 17. Fuzzy scale used for analysis

Fuzzy

Rank Term Number
1 Very Low 1,13
2 Low 1,3,5
3 Moderate 3,5,7
4 High 5,7,9
5 Very High 79,9

5.4.8 Fuzzified Matrix

The fuzzified numbers aenteredn the score matrix generated previously.

Table 18. Scores are fuzzified as per given scale

Wij 0.329 0.323 0.189 0.024 0.134
A 3,57 57,9 1,3,5 79,9 57,9
B 1,1,3 1,3,5 1,3,5 5,7,9 3,57
C 1,3,5 1,1,3 1,1,3 7,99 1,3,5
D 1,1,3 3,57 1,3,5 5,7,9 3,57
E 1,3,5 3,57 1,1,3 79,9 1,3,5

5.4.9 Normalization of Fuzzified Matrix

The scores are then normalized astperformulae givebelow for the benefit and cost criteria
which was identified previously.

" ay by ¢y . ) o
ryy=|=—,—,—1 and ¢; = maxi{cy; ene criteria
j . } / nd ¢ = max{c;;) (benefit criteria)
(} ‘j ‘I i
a a a
Fij = L L L] and a; = min{a;;) (cost criteria)
Cij I’U aijj i

Table 19. Normalised matrix

Wij 0.329 0.323 0.189 0.024 0.134

A 10.429| 0.714| 1.000| 0.111| 0.333] 0.556| 0.200| 0.600| 1.000| 0.556 | 0.556 | 0.714| 0.556 | 0.778| 1.000
B | 0.143] 0.143] 0.429| 0.111| 0.333| 0.556 | 0.200| 0.600| 1.000| 0.556| 0.714| 1.000 | 0.333| 0.556 | 0.778
C ] 0.143]|0.429| 0.714] 0.111] 0.111| 0.333| 0.200| 0.200| 0.600| 0.556| 0.556 | 0.714| 0.111| 0.333| 0.556
D | 0.143| 0.143| 0.429| 0.333| 0.556 | 0.778| 0.200| 0.600| 1.000| 0.556| 0.714 | 1.000| 0.333| 0.556 | 0.778
E | 0.143] 0.429] 0.714| 0.333] 0.556| 0.778| 0.200| 0.200| 0.600| 0.556| 0.556| 0.714| 0.111| 0.333| 0.556
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5.4.10 Weighted Normalized M atrix

The normalized matrix is multiplied by the weightages obtaine€bya n n o n 6 s
in the previous stage.

A* =

A =

—

(\'I-

el

¥y, 73,

o ¥

n

'). where v

Table 20. Weighted Normalised Matrix

J

= max{v;;3}
’ .

). Where V' = "\Il"h',,ll

entrop

0.329

0.323

0.189

0.024

0.134

0.141

0.235

0.329

0.036

0.108

0.179

0.038

0.113

0.189

0.013

0.013

0.017

0.074

0.104

0.134

0.047

0.047

0.141

0.036

0.108

0.179

0.038

0.113

0.189

0.013

0.017

0.024

0.045

0.074

0.104

0.047

0.141

0.235

0.036

0.036

0.108

0.038

0.038

0.113

0.013

0.013

0.017

0.015

0.045

0.074

0.047

0.047

0.141

0.108

0.179

0.251

0.038

0.113

0.189

0.013

0.017

0.024

0.045

0.074

0.104

mlo|o|w|>|g

0.047

0.141

0.235

0.108

0.179

0.251

0.038

0.038

0.113

0.013

0.013

0.017

0.015

0.045

0.074

FPIS | 0.177

0.294

0.412

0.108

0.179

0.251

0.038

0.113

0.189

0.017

0.022

0.031

0.093

0.131

0.168

FNIS | 0.059

0.059

0.177

0.036

0.036

0.108

0.038

0.038

0.113

0.017

0.017

0.022

0.019

0.056

0.093

5.4.11 Computing distance to ideal Positive

The distance from the ideal positive is calculated ustiegfollowing formula Out of the 5
chosen criteria, 4 impact the score positively.

di.v) =

| 2 . .
\/? I((l| -@as)° + (/)| - I?_w)' + (C) = ('_\)-l

Table 21. Calculated distance to the ldeal Positive

1 2 3 4 5 | SUM (Di *)
A 0.062| 0.072| 0.000| 0.010| 0.027 0.171
B 0.225| 0.072| 0.000| 0.005| 0.057 0.358
C 0.155| 0.124| 0.062| 0.010| 0.086 0.437
D 0.225| 0.000| 0.000| 0.005| 0.057 0.287
E 0.155| 0.000| 0.062| 0.010| 0.086 0.312

5.4.12 Computing distance to ideal Negative

The distance from the ideal negative is calculated ubmdollowing formulaOut of the 5 chosen
criteria, 1 impacts the score negatively.

d(x,

N
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Table 22. Calculated Distance to the Ideal Negative

1 2 3 4 5 | SUM (Di-)

A 0.143| 0.059| 0.062| 0.004| 0.049 0.316
B 0.023| 0.059| 0.062| 0.002| 0.019 0.165
C 0.059| 0.000| 0.000| 0.004| 0.013 0.076
D 0.035| 0.124| 0.062| 0.066| 0.019 0.306
E 0.059| 0.124| 0.000| 0.004| 0.013 0.200

5.4.13 Ranking of alternatives

The alternatives are ranked as per the distance from the ideal p&sitegative scores.

CCi

d; +dj

Table 23. Distance of alternative to FPIS/FNIS

Sum (Di *) Sum (Di-) Closeness | Rank
A 0.171 0.316 0.75 1
B 0.358 0.165 0.32 5
C 0.437 0.076 0.15 2
D 0.287 0.306 0.52 4
E 0.312 0.200 0.39 3
As can be seen, Respondent AO6s score ranks
score for further Gl&nalysis.
Rank Attribute Expert 6| Weightage
1 Proximity to river/ canal 5 30
Proximity to major
2 traffic routes 4 22.5
3 Spot elevation 4 22.5
4 Flow Length 3 15
5 Slope (hilly terrain) 2 10

5.4.14 Vulnerability Map

The base maps of physiaa@nditions are created on A&IS using SRTMDEM of the site.
Spot elevation and slope are derived from DEM. River and canals are taken from the stream order
maps derived on GIS. Watersheds and stream orders are derived using the Hydrology toolset in
ArcGIS, to determine the catchment area of water bodies Traffic route data is taken from Open
Street Maps. Vulnerability map is generated using Weighted Overlay function in ArcGIS.

The input maps are then reclassified into 5 classes of natural breaks andgihis \aee
assigned in the weighted overlay tool in Arc@Pgoximity to river/ canal was assigned weight of
30, whereas proximity to major traffic routes and spot elevation were assigned weights of 22.5
flow lengthwas assigned weight 15 and slope oraierwas assigned 10.
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Figure 42. Input maps used for creating the weighted overlay Vulnerability Map

Figure 43. Physical Vulnerability Map
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