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Growth & Development

in the 21st century
Development = Bulding| expand
intensify

‘reclaim’

A -

Current Reclaimation for the Coastal Road Project
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Research Question

What forms of new territorial practices can redefine paradigms of growth in
Mumbai? That responds to the necessity to accommodate the growing population
and their neo-liberal/globalization ambitions whilst addressing its externalities
that manifest in the form of a disrupted hydrological cycle- causing recurring and
intense flooding every monsoon. So as to foster an evolutionary and symbiotic
relationship between its critical ecosystem cycles (geological and hydrological
) and habitation patterns as a means to safeguard the existence of humans and
more than humans alike .

Sub-Questions
Contexutalizing

1. Which natural (biotic + abiotic) cycles of the ecosystem are fundamental
in shaping the morpho-dynamics of the territory and how do they
manifest spatially in time?

Research by Design
2. What are the critical anthropogenic dependencies and ambitions
embedded/positioned in these ecosystem cycles and in which form?

Grounding
3. What are the thresholds of the prevalent human appropriation and

growth patterns in Mumbai before they are incongruently positioned
in the territorial ecosystem cycles? How is their impact witnessed in the
region across the varying scales of space and time?

Livaluation:

4. Whatare the limits of growth and how can they be directed progressively
to influence the morphodynamics of the territorial landscape so as to
mutigate the externalities of intensifying anthropogenic functions on
the estuarine territory to ensure its biophysical as well as functional

health?
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January February March

Suspended Sediments

Chlorophyil (C)
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Conceptual Framework
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Theoretical Framework

Gaia (Lovelock, 1979)
Over growth
De-growth
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Testing Grounds

Macro scale:
Critical hydrological

movements
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Testing Grounds

Meso Scale:

‘The littoral edge marked by mangroves and
other intertidal vegetation. Addressed with
respect to its interface & interaction with
intensive anthropogenic functions.

Macro scale:
Critical hydrological

movements

;\#\,«‘ \
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Testing Grounds

Micro Scale:
Economies of life, particulary those of
indegenous origins, dependant on the
landscape.

Meso Scale:

‘The littoral edge marked by mangroves and
other intertidal vegetation. Addressed with
respect to its interface & interaction with
intensive anthropogenic functions.

Macro scale:
Critical hydrological

movements
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A thriving landscape

The two directions of time

Archiving indegenity

22



The Approach -research by design

I. Research by Design

Performance Wrt. Water
— tidal influence
Projected Trends
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time
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The Approach- 7he project

I. Research by Design .
accumunlation
— 5 Matter + Water
clearance
Sonrce as a substrate
Feedback tine
growth overgrowth
Habitat

‘ ]
p—
<)
| E
w
Human More than human g
| | S
[ | ] > | | | E
service private indegenous aquatic AT micre 2.
.. =
sector sectors communities species species algae e

II. The Project

Local Goals

new path dependancies

Territorial Goals

l

Design Intent

maintain the biophysical health of
the estuarine nature of the territory

Projected Trends
(non-estuary)

Performance Wrt. Water
tidal influence

monsoon

heavy precipitation
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The Approach- implementation

I. Research by Design

II. The Project

III. Implementation

accumintlation
— Matter + Water
clearance
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Design Intent
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maintain the biophysical health of

Performance Wrt. Water
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Strategies
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(2] J 1 O (>
Integration Of Matter Process Resilience
q
Methods
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Earth works Water as a esignng Water as a Hybrid
morphodynamic with moving performance functional
agent edges test landscapes
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pathway for alternative scenario development - >
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Matter
Source

+ Water
as a substrate

accumulation

clearance

Performance with

respect to water
impact
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accumulation Altered Landscape Performance with
clearance indicators of change respect to water
tmpact

Matter + Water
Source as a substrate

| | |

sewage and  stormwater socio-cultural
grey water  discharge practices



Matter Source
Grey water
1260 million liters of sewage is discharged into the

creek per day. With a projected increase by 10% in the
next 5 years.

uality:

0.14 x10°

Biological Oxygen Dissolved Oxygen FC and Pollutants
Demand (BOD) in mg/1 (DO) in mg/1 (CFU/100ml)

o volumes of matter as a constant
in time

o internalise its management

Ghatkopar outfall
10321 mld.

Sewage treatment plant

Solid waste disposal

Dredging

Disposal of dredge

Pharmaceutical direct discharge

Chemical, petrochemical and fertilizer discharge
Combined effluent treatment plant

Metalurgical

FC and particulate pollutants

BOD gradient




Matter Source
Stormwater discharge

o Scalar intergration of storm water
management from the Basin level.

o Respond to landscape materiality

o Innate capacity to mitigate wetness
extremities.

SWD capacity

50% sea outfall
25mm/hr S

50% inland absorbtion

Stormwater Drainage 1960-93

>204.5mm
extremely heavy (4)

115.6-204.4 mm/hr
very heavy (5)

64.5-115 mm/hr
heavy (6)

S\\“D capa ('il \

50mm/hr

100% sea outfall

Proposed Stormwater Drainage (partly executed)

extreme event

[ Monsoon precipitation /hr
I Stormwater drain capacity
[ Sea

=== High tide line (sea)

Inland surface

WOH
AL

Drain pit
Open gutter

Manhole
Trunk main
Box channels
Open minor

T 9% D iR O B

Drain collector 9.

nallah (<1.5m)

Arch drains 12.
Open major 13:
nallah (>1.5m)

. Pumping 14.

station/ sluice  15.

gate

11.

Open outfall
Rivulets
Desilting
System
‘Water Pump
Rain gauge



Matter Source
Socio-cultural practices

o Embedded constants
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accumnlation
Matter + Water
clearance
Source as a substrate
| |
morphodynamic performance
agent tester

Altered Landscape

indicators of change

Performance with

respect to water
impact

31



Water as a Substrate
A morphodynamic agent

r._increasingly dynamic
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Water as a Substrate
A morphodynamic agent
A performance determinant

monsoon
fluctuation
decadal
trend

Monsoon
precipitation

decreasing accuracy of projection

illustration based on:

tides on 3rd june, 2022

lunar tidal cycle 1 june - 3 july 2022
monsoonal data 2022
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Matter
Source

+ Water
as a substrate

Performance with

accumnlation
clearance respect to water
umpact
| | | | |
mangrove plugged rivulets  altering creek  drying mnland  changing avian
productivity morphology riparian edge and fish

habitats



Altered Landscape
As indicators of change

1. Mangrove Productivity

2. Plugged Rivulets

3.Altering Creek Morphology

4. Drying Inland Littoral Edge

5. Aquatic & Avian Habitations
Patterns

35



Altered Landscape
Mangrove Overproductivity

rampant high salinity and
growth nourtshment

low seated casy availability of
roots nourishment

tall lack of sunlight at

the soil surface

Alterations in the mangrove habitat. Data Source: WRI India, LandSat 5 and LandSat 8 (USGS)

Degraded Growth
Growth Before 2010
Bl Growth 2010-2017
Avecinia Marina mangrove species
Sonneratia Apetala mangrove species

N
| |

tidal

seasonal

decadal

I
0 5km
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Avecinia Marina- (hardy species but week structure)

Heavy litter and felling during peak monsoons

Trapped litter, propogating new plants
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Altered Landscape
Plugged Rivulets

Tidal

prism

2 Tidal

strength

Intertidal
area

Number, size
and complexi
of rivulets/tidal
channels

Oxygen, nutrient
— > and sediment
input

Sediment .
eroston and tidal
export

.

Mangrove area

Rate and volume
of mangrove
sed1meTntat10n

Mangrove
productivity

l

Organics
movement

Intertidal
> burial

Organic

? burial in

adjacent areas

seasonal

decadal



Altering Landscape
Changing Creek Morphology

( w7 ( "
G /7
19922002 2002-2011

Accreting marshland

L L L L 1 L L 1
r T T

tidal seasonal decadal



Altered Landscape:
Drying Inland Littoral Edge

LandSat Color grading band 1 and 2. To determine actual varation in vegelation as an indication of
sutface dryness.

wet

dry

seasonal decadal
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Altering Landscape

Aqgunatic & Avian Habitations Patterns

tidal

seasonal

decadal
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Impact

Indegenous
practices

Illicit practices

Private sectors

Governmental

bodies

Accumulation of Matter

G )

Sediments Grey Water Flocculant
clay + silt  nitrates + phosphates  Pollutants

Altered Landscape Indicators

Koli

Agariya o o

Agro farmers

Mangrove Productivity 2

Sand mining O
Plugged Rivulets »
Industries o
Marginal dwellers (o)
Real estate developers Altering Creek Morphology %

Private/ commercial
owners

Sewage department
Drying Inland Littoral Edge _

Stormwater department o
(o)

Waste department

000

Altering aquatic and avian 7/
habitations patterns

Forest department

Transport and infra O
Tourism
Civil society (o)
Ngo’s
F t 1 e
materiality, volume, frequency and source gradient of impact endogenous
influence
Accumulation frequen- One off in decreasing (ci)r_dir 5o i —— Monsoonal
: requency and intensity of impac i .
o cy O Accumulation by volume Easedon dheitvindlbdicalerdle —— Heavy monsoon (within predicted range)
O Diurnal (tidal) O Tidal Oft-off conditions of extreme or no
() Seasonal (monsoon) 'e) T — — precipitation. (limited to no-predictability)



Impact
Koli Commnnity
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Impact
Agariya Community




Accumulation dredging Clearance
socio-cultural practices ‘ Mun1c1p al
: Authority
) L dredeging | desilting | ; L
quarrying [ | i s.and mining
dredoi desilti (illegal)
human stormwater drainage 1_ewgJ_es uag l SWD
v netting : : | netting |
| :
landfill R i | = ks " fishers/ NGO
sewage
jan teb march april may june july aug sept oct nov dec
riverine sedimentation
more than tidal sedimentation
human .
- W
mangrove litter A A o S
phytoplanktons

Annual cycles of Clearance (material removal/ transposition)

Volume of accumulated Volume of matter cleared — 5 Local transposition of matter in space
matter =l |  in decreasing order
in decreasing order —

i

Where does the matter go ¢
Whose matter is it?
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Existing estuary - 2023 A non estuary- 2050



The Project: a landscape intermediary

Acknowledging the discordantly shifting environments, the project thus proposes a landscape of
buffer - conducing new synergies between the inland territorial practices/dependencies in response
to the altering ecology of the estuary. Aimed at achieving a resilient co-existence of both human
well as more than human occupants of the territory.

The proposal breaks down the homogenous identity of the wetland zone into smaller local cycles
of engagement with the water. Stipulated by processes of conscious release and clearance of
the accumulated matter, as a means of maintaining the socio-ecological integrity of the region.
Such that it cumulatively recalibrates the hydrological cycle on a macro scale by harnessing the
potential of the surface and subsurface to accommodate the rampant variations of water throughout
the year. Thereby making it (the eastern catchment area of the city) resilient to annual flooding caused
by heavy precipitation during monsoons.




Territorial Goals
Hydrological reconfignration

1. Lateral - Increase the influx of freshwater
into the creek

2. Horizontal- Expand the influence of
tidal waters into the inland reaches of { D
the estuary to maintain its characteristic
wetness.

3. Vertically- Harness potentials of thesurface
and subsurface materiality to capacitate
the territory across scales (micro, meso
and macro) against fluctuating volumes of
water throughout the year.

4. Quality- Consciously ensure an acceptable
biochemistry (refer to the quality page in
terms of bod as parameter) of the water N'
in the landscape to ensure survival of the ;
estuarine landscape as well as 1ts dependent
habitats.

. Mean water reach in the creek
monsoon Flood prone areas
T ---- Existing extent of the estuarine landscape
river , tide Top Soil

Alluvium soil
Clayey soil composite

Ik Basalt Rock bed

subsoil Subsoil Aquifer
site forces



Meso-Micro Goals

1. Internalizing the management of matter
(circular matter management)

2. Thriving ecological habitat -revive, secure
and create.

3. Safeguarding the edge

4. Bolstering local heterogenous identities
and new economies

5. Designing for decay(growth by decay)

6. Autonomous functioning (political
resilience)

L

//z';z;erna/z'gz'ﬂg

malerial
management

cmcafccccccdcccccadicccccdccacadadcccccacccaccaaaa

e S g o
safeganrding socio-political
the edge antonomons

Junctioning
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Designing with time
Approach

Macro scale of time, observed in the functional
cycles of the estuarine ecosystem as a whole.

adaptive
threshold

<

past trends

5 z T
[future projections time

altering
performance
w.r.t tO water

range
of alterations
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Designing with time
Approach
Meso to micro scales of time, observed 1n the

paces of adaptation in individual estuarine
elements.

rivulets

O )

A \J
mangroves littoral ~ creek aquatic
edge morphology and
avian
habitat

past trends <

processes

working range

new path dependancies

non—cstuary

designing
limit With time
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Designing for time
Towards maintenance

Calibrating landscape elements to function
across scales that through their decay restore
the hydrological integrity of the territory in

time

functional
composition

decay in time
with increased

/ hydrological /\

dynamics

terraformed
element

intergrated

estuarine hydrological
landscape cycle
materiality
N

W
.



The Landscape Collage

regional intervention

1. River avulsion

2. Sediment Traps

3. Un-banking the stormwater drains
4.

Waste water aquaculture

Regional Plan

Wetne i
P e gradient
- Mean flood tide
! Monsoonal tidal range
Perennial surface wetness
Impermeable urbanised area
Industrial land
~ 7 Salt pan lands

:] Unbanked storm water drains
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I. River Avulsion
strategic intervention

Un-Earthing
Re-Earthing

Initiation phase:
Desilting and Introducing barriers

Non-monsoonal clearance rate:
Ulhas River: 2.57days
Upper Creek: nill

——— Proposed sediment barrier
---- Desilting paths
1111111 Un-banking drains
Mangrove vegetation
Exposed tidal marshlands
Farmlands
Wetness gradient
777 Mean ebb tide

Mean flood tide

| 2 years 5 years
500m Annual Desilting (pre-monsoon - monsoonal l cate:
clearance) :

Ulhas River: 2.57days
Upper Creek: aprox. 4 days



Ulhas river ‘ Vasai creek

Initiation phase: Ebb tide. Predominance of riverine deposition Initiation phase: Flood tide. Predominance of fidal deposition from Vasai Stabalised tidal bar.
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A thriving wetland by 2050 with regions of per-
manent wetness. New and revived rivulets flowing



I1. Sediment Trap

Strategic Intervention

B e

.)—

= p—

L

Proposed sediment trap

Accumulated sediments

Mangroves
Tidal marsh

- Wetness gradient
Extent of tidal waters (non -mon-
soon)

Extent of tidal waters (monsoon)

& — 3.0m/s
<__
<__
-~ Vo.om/s

‘N

Sediment trapping in ebb tide



I1. Sediment Trap
Materiality

red laterite stone speculated with basalt
coarse texture

colloidal properties
« high iron ocxide content
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I1. Sediment Trap
Cycles Of Maintenance

Dredgin, 1
10 1 reduced

" frequency of
| clearance (yr5)

Y

s ) B T L i T L

=

localised impact

Uik ALY AT RV Sl ST &
7 = :
% // il 70000 ALY

. PP - .

N X R I bW 1 ok ] A DI i Al 4 B b

e s S S T S ﬂ,’” Sl L % A 7.
e R B4 x: Z z L B 4 & < o @

idal velocity 0.02m/s

expanded area of sediment accumulation I | |

Section through the site
~ Clayey mud

Sand
— — Original tidal velocity

— Tidal velocity after intervention

I:I Sediment traps



I1. Sediment Trap
Designed For Decay

Tidal lev

10.94m -
monsoon+flood tide

7A1m_L
monsoon+ebb tide

442m —

mean flood tide diurnal
251m L |Wet dry
mean sea level cycle
0.72m —

mean ebb tide

Material disintegoration

Laterite - Clay
composite : suitable
for plant growth

PO
absorbtion

nutrient
release

detritus
production

Decay of the intervention made from cheera

stone in time and its influence on the sur-
Accumulated sediments

' Phytoplanktons

“ii Clay

" Laterite clay composite

- Iron oxide

Blue green algae
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III. Un-banking drains

Strategic Intervention \

> - ¥
\ Vo me e wieyy
i

5 )
. [
Al 1

e e e e e d

% Mean ebb tide
. Mean flood tide
) Critical vulnerability to flooding
; Mangrove vegetation
[ -=== Primary storm water drains

Combined outfall point for storm water and
treated sewage water.

0 Pumps
|| Primary storm water drain intersections

771 Pilot site

22 % ' Scope for expansion along the edge

Exemplary site conditions



III. Un-banking drains

Strategic Intervention

Unbanking drains, to create more room lo capacitate excessive volumes of water and its influence on the surronnding

landscape.

Existing open drains unbanked
Subsurface drains integrated in the system

Wetland vegetation

~ Meadows and scrubs

Ponding- areas of residual tidal water.

Extent of tidal waters (flood tide)

Space for draining average monsoonal vol-
ume of water (50-115mm/hr)

Space for draining extreme volumes of water
(>115mm/hr + flood tide)

. Stormwater holding ponds

. Growing wetland vegetation
. Bastern express highway

. Kanjurmarg landfill

. Sewage treatment plant

. Salt farms

QN U W~
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Decreasing need/

[requency for : : : } =
landscape
maintenance G ; : : ;
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IV. Wastewater Aquaculture
strategic intervention

i Ponding- areas of residual tidal waters.

Mangrove vegetation
Gradient of wetness
- Mean ebb tide

- Mean flood tide

Mean tidal extent in extreme monsoon

& G

events

1. Existing sewage treatment ponds
(secondary)

2. Waste water aquaculture ponds (fish
farms)

3. Higher salinity ponds (crustacean
farming)

4. Higher turbidity pond (mussel
farming)

5. Deonar Landfill

Wastewater aquaculture embedded in the wetlands.

| {/‘N

0 500m



IV. Wastewater Aquaculture

strategic intervention

grey water

666mld. -185mld.

secondary sewage
treatment plant

small catch

clearance

annual harvest stability

> stock fishes

et & 15 days
= e Tr) T T
, fish '
feed TSI
: sunlight penetration
silt pits planktons bamboo discharge ‘
' harvested regL}lator 3
v o i " :
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IV. Wastewater Aquaculture

Implementation

Input Annual Output
Output form
: ies direct
Toand - s}odre] Industries (pvt.) BEOHD land rent
Godrej Industries // _sewage
(pvt.) / Wastewater Dept. (gov.) functional treat@ent
I ————— ., estuarme

maintenance
Raw Material Wastewater Kolt Sindcgcnous communitzz stock - stable fish
Wastewater Dept. Aquaculture catch
(gov.) 1 Local Industries stock <o water supply

\

Labour \ . g :
Koli _ Biomass plant | potential stock » raw matertal

(indegenous community)

‘ t ‘ ‘ ‘ ; | ‘ ‘ ‘
Jan Dec

Involvement and collaboration between the sectors on site
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IV. Wastewater Aquaculture
Economic Viability

Landscape Maintenance (3-4yr planktons
- 1. Drying ponds (7-8 days)

2. Reconstructing silt traps 3
3. Lime tilling \

4. Bund repair

1 | ; ; \
[ I I I [ | | [ |

silver carp
]

tilapia ,

:ordinarv carp i 4
mullet I |
cat fish

increasing salinity
requirement

mussels

tiger prawns

creek prawns
L

Functions and periods of landscape maintenance required to be done by the fishing community, thereby having a stable
year round scope for fish harvest.



Project Phasing
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Wastewater |, - m N landscape i
[—— 3 ] maintdined Landscape evolution
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—e——

= decay
= regulated and consistent

¢\ Limits of landscape evolution- period of

re-evaluation

Acupunctures in time. Phasing the project



Implementation

Prevalent governance Structure

Sor urban development

passive

+ 20 years

undefined/ variable time frame

active
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(DPCR 2016-2034)
State Government

Sewage Storm Water Water
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Research
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Maintenance
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Implementation
Proposed structure for
landscape maintenance

Regional Planning

T 20 years Legislation <

Department
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Critique and Limitations

Limited capacity to accommodate extreme or
unforseen hydological upheaval beyond the
projected scope.

impact under
predicted extreme

-

_———-—'

Project S
Tidal Cycle roject Scope

as a functional capacity

Monsoon
eyelic time

An Altering

conditions T Landscape

linear time
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Critique and Limitations

Necessity to initiate within the stipulated
timeframe

increasing
7 permmntations o
acconnt for
altering
Y_’_/—/// e landscape
‘ ‘ A ‘ shifting
| SOC10-economic
| )
0 5 7 years " ) 20 o
implementation
threshold

__, decreasing applicability of the
design intervention



A New Material Reading

A render of the proposed Trans-Harbour link in the Thane Creek.

Image Source: ARUP rapid environmental assesment report.

An actual visnal of the bridge under construction captured in September,
2022. Showing its material impact on the landscape. Bridge due for
completion in November 2023. Image Sonrce : @cbdbage/ Toitrer
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Tidal Water Vectors
in order of decreasing current speed
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stratified extent (vertically in meters)

Density
in decending order

Settlement in a tidal clearance cycle

31st March, 2023
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