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As liquid as it gets

PATHMA SUERAMANIAN
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lar caps are melting ar
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Taps in South Afnic

almost ran dry last
yvear while India and
Australia rece 'I- [aCed severne

droughts — the likes of which
has not been experienced in
decades.

Waler is becoming one of the
most coveted resources as global
warming, pollution, urbanisa
tion and an increasing popula
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global freshwater reserves. To ' e
exacerbate the water shortage, =™ ; N ' gonet b
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HOW BAD IS THE
WATER CRISIS IN INDIA?

(A TIMLINE FORECAST)

CHENNAI ALMOST RUNS OUT OF

2019 WATER

N
I 21 CITIES INLCUDING
2020 () BENGALURU, DELHI, HYDERABAD
| TO RUN OUT OF GROUNDWATER
2030 ( “0% OF INDIANS WILL HAVE NO
I ACCESS TO DRINKING WATER.
THERE WILL BE NO DRINKING
| WATER IN ALMOST ALL OF INDIA.

imamiilea
HTIPUISe

2040

SOURCE : COMPOSITE WATER MAMAGEMEMT INDEX BY NITI AAYOG | UN REPORT ON WATER CONSERVATION



Every dropcounts

As India reels from the effects of a severe water shortage, startups have begun offering innovative waysto

help people access safe drinkingwater. But how feasible are these solutions?

SMEHA RHATTACHARIEE

hisyenrsaw a city run out of water com

l pletely. 1L was one af the world's greates!
rourist destinations.  Cape Town.
Governirent reports suggest Indin's percaplts
avallability of water has been reducing pro-
resshvely dhuie 10 an ircrease in population and
(b country |5 facing water dres. To add to
this, a report titled, “The state of the workds
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per capita access to clean drinkine wuter =
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worage AAMAL per capiia water misy recice 1o
1,340 cuble meters (n 2085 and 1140 cubtic
Tieters in 2000, 1 ks i wekcome relief 10 st
somé onganisations Gsing Nuniral resources,
JOT (Iintertel of Things) o provide accessitel-
iy to safi el clonn drinkdng water
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Projected water demand in India for vanous sectors (Govt of India 2006)

standing Sub-Committee

of MOWR NCIWRD

sector

Year 2010 2025 2050 2010 2025 2050
Irrigation 688 910 1,072 557 611 807
Drinking water 56 73 102 43 62 111
Industry 12 23 63 37 67 81
Energy 5 15 130 19 33 70
Other 52 72 80 54 70 111

813 1,095 710 843

All values in BCM. H




Sources and Options we have to
address water supply 1ssue?

Sources: Rainwater, Surface water, Subsurface flow,
Ground water and Sea water
Primary renewable source of freshwater 1s Rainfall

OPTIONS

® More inland reservoirs

* Interlinking of rivers — to optimize the surface water

® Ground water
¢ desalination plants,
® wastewater reuse facilities,

® Coastal reservoirs

World Water Summit 2019 — 21st to 239 August 2019
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ANNUAL RAINFALL IN INDIA (MM)
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AVERAGE ANNUAL RAINFALL IN INDIA IS 1176 MM

13



World Water Summit 2019 — 21st to 239 August 2019

Global Dam Construction

- Very few large dams after 2000
- More and more people have realized the problems of large dam construction on land
- Silting process — reduce storage — 75% silt will be left on land

- Global large dam construction {1800-2010)

3

Mo, of Large Dams
g8 =

1%03 1910 1820 1930 1540 1850 1880 1970 1980 1990 2000 2010
Year of completion

Fignre 1. Global dam constuction over the past 100 years, Soarce: (Hobal Beseryoir and Dam (GRanlY) Database.

14
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"“DAMS ARE THE TEMPLES
OF MODERN INDIA™

Rams are the temples of
meadern India, where |
warship...

--Jawaharlal Nehru, 1954. First Prime
Minister of independent India

15
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India — A country of rivers 7 MAJOR RIVERS
e TR el - e ——— «Indus

«Ganga

«Brahmaputra

«Godavari

*Krishna

«Narmada
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f 400+ - Main Tributaries

“Damar & Diu ) :
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t g FRm T

A <

Arabian
Sea

Bengal

- | India has more than 5000 large dams
1 Indus River System 2900 2
2. Brahmaputra River System 2800 a3
3. Ganga River System 2525 .
4  Godavari River System 1465 >
5. Krishna River System 1400 - f
6 Namada River System 1313 = 7
7 ‘Yamuna River System 121 -
Lo W S0 3rd LARGEST DAM BUILDING
9 Cauveri River System B0O (-3
10. Tapti River System 724 = g
- International Boundary % !
¥ - o - State Boundary Y
£ 3 Rivers I N
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COASTAL RESERVOIRS

17
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What is Coastal Reservoir?

a water storage in a large water
body where inside and outside waters are

different in physical, chemical, biological
parameters. Simply, a freshwater reservoir
Inside seawater.

* |location: inner, outer or beside a river mouth.
» Purpose: drinking, irrigation, industrial usage,
flood defense, reclamation, energy storage,

red-tidal control, fish farming, ballast water
recycle..... 10

18
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Coastal Reservoirs

T.nka ge
ipline
Water Gate
] (r owvertiow

Freshwater
Soft barrier

Brackish water

Solid barrier
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Coastal Reservoirs

Fresh water

Typical Cross Section of Coastal Reservoir

20



All-in-one disaster-resistant
reservoir

Seawater

Typhoon or tsunanu
Sea-level rise,
subsidence

Earthquake proof water storage
City
AN

——> River flow

__CR for drinking

-

gates

%000

CR for enviro.
protection

=

seawater

®
=
7

Giant floodwater
detention pond

Zero waste to sea

Schematic of Coastal Reservoir that Enables storage of Fresh water during river floods
(Jianli Liu et.al 2013) o
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Flow gates

Freshwater

Polluted water

Seawater

Coastal Reservoir with Soft Dam

22
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| \Vi \/
Scawater
L LT Pty
Seawater \ Freshwater
sk
Curtain

Coastal Reservoir with Soft Dam

23
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Sea based reservoirs Vs on Land reservoir’s

Item Coastal Reservoir On land reservoir
Dam Site Sea (Inside / outside river mouth) Valley (limited area)
Water level At sea level Above sea level
Pressure Low pressure along with wave surges | High water pressures

Catchment area

Entire Catchment of the river course

Partial catchment

Seepage By density difterence (Slow) By head difterence (fast)
Pollutant Land based and sea water Land based
Land acquisition | Nil High

Environmental Nil (no forest damage, no displacement | Very high (difficult to
damage of people, etc.) build dams now a days)
Water Supply By pumping Mainly by gravity
Construction cost | Low High
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Advantages of sea based reservoirs

No harm to any of the river basins and
no alteration to the river course (no
temporary diversions as well)

No disturbance to any forest cover
No submergence of land

No physical displacement of people
and their villages / towns

Agriculture activity can be augmented
Coastal erosion can be minimized

Ground water recharge due to fresh
water in estuarine areas

Intrusion of saline water into wells will
reduce

Freshwater dredging will provide sand
for construction 2
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Advantages of sea based reservoir

Earthquake resistant sea walls
Solar panels on the sea wall — Solar energy
Tidal energy at the wall

Roadways over the sea wall, Fresh water Fishing, Navigation and
Tourism

Real estate opportunities

Length and width of sea wall - serve as a deep water fishing harbor -
benefit the fishing community.

Increase in industrial, recreational and fisheries activity around this
fresh water

26



Existing Coastal reservoirs around the world
(modified after Yang and Kelly, 2015)

Country

Name

Purpose

Netherlands

1. Afsluitdijk in the ljsselmeer, 1932
2. Zuider Zee, 1937

Flood control
Flood control

India

Thanneermukkom bund, 1974

Agriculture

South Korea

1. Sihwa, 1994
2. Saemanguem, 2010

Tidal energy
Land reclamation and
fresh water

Hong Kong

1. Shek pik, 1968
2. Plover cove
3. High land

Fresh water

China

1. Qingcaosha, 2011
2. Chenhang, 1992
3. Baogang, 1985

Fresh water

Singapore

Marina barrage, 2008

Fresh water

United Kingdom

Cardiff Bay project

Freshwater and coastal
area development

World Water Summit 2019 — 21st to 2379 August 2019
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On 25 September 1933, the Afsluitdijk, NETHERLANDS was
officially opened

f
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Construction of Large Freshwater reservoirs in Bays — Hong Kong

® 1963-64 — Water Rationing — every 4
days for 4 hours of water supply — use
of sea water for flushing

® Fresh water reservoirs in the sea

e The Shek Pik reservoir — 1957 to 1963 —
24M cubic meters

e Plover Cove reservoir — 1968 — 230 M
cubic m

e High Island reservoir — 1978 — 290 M
cubic meters

® Continuous water supply was restored

¢ Desalination plant commissioned in 1975
was even decommissioned
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a

Shek Pik reservoir High Island Reservoir Plover Cove Reservoir

Coastal Reservoirs of Hong kong

30
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HOW DOES THE BARRAGE WORK?

Top Water Level Steel Gate

i

-------

Marina Reservoir

Concrete Base

i Goiak o oo i o i Marina Bay,

stormwater to flow out to sea during heavy ralin

Singapore -2008

Nine numbers of 26.8-

metre-long hydraulically Operations
operated steel crest started Nov
gates, will be built across 20, 2010

the 350m wide Marina

Channel to keep out sea il e b e i b i
water. cannot be lowered or the seawater would rushin
Water is pumpad out from the reservalr to avert
any flooding. 31
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Saemangeum Seawall- ROREA

32
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Qingcaosha Reservoir in Shanghai

33
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Coastal reservoirs —Under Planning stage

1. Pluit Reservoir Revitalization Project, Jakarta, Indonesia,

2. Kalpasar project, Gulf of Kambhat, Indian Water Project, Gujarat,
3. Sydney and other coastal cities, Australia,

4. New York , USA

5. Netravati river project, Mangalore, India

34
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The India’s Water Scenario m

Rainfall Built more than 5000 Dams
1176mm Standing 8" in World
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Fresh Water Shortage

® Availability of freshwater
per capita is declining

* WATER STRESS —
Developing world

® Water demand in coastal
regions 1s also increasing

¢ India 1s not running out of
water but Water 1s running
out of India

54,

of India
Faces
High to
Extremely
High
Water Stress

Easeling Wale Stress.
(witharascals avaitable supply)

Low {<10%)
Low to Mot {10-20%)
Modium o High (20-40%)
I High (40-60%)
W Estremesty High [-60%)

. .
\3 [ Avid & Low Water Use

www.indiawatertoal.in WORLD RESOURCES INSTITUTE

36
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COASTAL RESERVOIRS
INDIAN SCENARIO

37
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Arabian
Sea

Bird’'s eye view of Location of barrages across
Thannermukkom barrage Vembanadu Lake

(S Kolathayar et.al 2018) 8
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(a) (b)
Gulif of Khambhat Development Project

¥ 100 m Level Canal
L 100m lrrigation Area .

Bl 80m Level Canal
I 80 m Irrigation Area s

50 m Lewvel Canal S5 s—
Commaned  sssnass

B 50 m IrrigationArea =

Coastal reservoir in the Gulf of Development plan to supply water
Khambhat in Gujarat State for the entire Gujarat coast using the

CR (Kalpasar (2016)
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First International Seminar on Coastal Reservoirs
Research
&
Review meeting of BWSSB project on Feasibility studies

of Coastal reservoir across Netravathi River

%] UNIVERSITY
, OF WOLLONGONG | SAHYADRI
Jl AUSTRALIA ) COLLEGE OF ENGINEERING & MANAGEMENT
MANGALURU

, XAV o g5 @ NEEL
CRC N o s L - 2,
EI— AL 6@ woman vawwes  THEARTOFLIVING O WATER TREATMENT

wholly owned subsidiary of AM( nternational Corp. WATER & MARITIME SYSTEMS PVT LTD
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New Mangalore Port |

i
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%
=
Z k
2 Mangalore
" Dlﬂ Mangalure Fort

4,

N - Netravati River

Kotepura

Ullal

HI

L]

| Someswara
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Erosionimanagement’. .
‘-eptions.at Ullal -~

Mangalore ©ld Port
- O

Natural
Sediment
bypassing

Offshore
submerged
reefs

Northing (m)

£ 2008 Digitalc

— 1416000

479000 480000 481000 482000 483000
Easting (m)

The bathymetry of the Ullal project area.
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Feasibility Implications
Enough water available?  YES upto 385 TMC per year

Can the water requirement of Bangalore &
Mangalore be met? YES. Just with less than 10% of runoff

Is Water quality good enough? YES No major treatment
needed

Is proposed reservoir safe from natural hazards?
YES. can provide extra safety against Tsunami hazard

Wil this enhance the overall coastal livelihoods?

YES Provided Fresh water fishing is encouraged. Need to bring
awareness.

Cost Effective? YES

43
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' Riverfront Development

- Coastal Frashwater Resa

s  300m CR2

Fisharman Wharf:
f
(LF ¢ S BT Tran e ir

An Attractive, Clean and Beautiful Mangalore Waterfront City
in Future with proposed coastal reservoir e
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The first International workshop on Coastal Reservoirs was
organized on 19th July 2017 at Amrita University Coimbatore which
was participated by 60 delegates from various organizations in
India and abroad.

Hearty Welcome
to the Dignitaries of

INTERNATIONAL WORKSHOP ON
i OASTAL RESERVOIRS IN INDIA

e
" o

et

~—=15inJa
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SAROVAR MALA

=coastal reservoirs — 1110 BCM connected

5 \‘["’ CuaStaI d Is tr' cts KWEt ?f:yil through sub surface pipeline in ocean —

>>"‘>v

Perennial water source by connecting to Ganga

= ) =250 million live within 50 & n Sy / Hooghly river
"-]-:* 3 i km of the coast 4 R s al A sol
u f v Ky - Reservoirs along with solar
ujara . . * 3 600 fishing villages T power generating stations to
-:: gna!n, Wrﬁ and i *‘ ) Orissa  generate enough power to pump
[ - minor ports el S
Maharashtra 1% //vvg = ha jche tl."eated fresh flood waters to
T "4420sqkmof -5 4. - interior dams and ponds / tanks

\ "¢/ Subsea pipeline

_rfan D Lrwsik X, | .
< Sf=2< B Ardtii 9345860 - 4500 kms of plpehne

=226==7 : :
Goa 42 22§ Pradesh connecting 12 Reservoirs

- Size of reservoirs — can be
Karnataka

4 Sea based reservoir small also if we can use the
kere’s and existing dams to

store water in peninsular India
- Water will be available
‘ o thlioughout as Ganga basin is
N\ being connected to southern
grid

Lot — Tamil
= =~ Nadu

Andaman & Nicobar

Lakshadweep

Indian patent No: TEMP/E-1/44294/2016-CHE — Smart water network to store river flood
water in sea based reservoirs and a method of Interlinking these reservoirs (Sarovar Mala)
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River basins Considered

® Godavari

® Mandovi

® Nethravathi
® Mahanadhi
® Ponniyar

® Tapi

® Vaippar

* Kallada

23/4/2018 Amrita School of Engineering 50
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Possible coastal reservoirs
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Australia's water crisis

# THE AUSTRALIAN Water
Tf:g;lgls Drought shows political fallure crlsls

]
Tha states ara 1o blame for watar probiams not nature llmits

OMPRIMESPACE . g ro wth
Gearlng up b e |
for awar

over water | # THE AUSTRATIAN

When all the rivers run dry

We are facng the death of our greates: nver =ystem,
"’ wiile Selina Mitchell zrid Asa Wahlquist
B 14 0ct 06
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@ NEwWSPOLL
Drink recycled sewage

Percentage
support
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What will be the future reality?
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Summary and Conclusion

1. IACRR recognises that world is not running out of water, but water is running
out of our river mouths

2. Water dominates every policy and other Sustainable Development Goals.
3. Coastal Reservoirs provide a solution to water-food-energy nexus
4. Water can quench disputation to promote peace and harmony life

5. Welcome to Join IACRR and make your contribution to the world
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Thank You



	 Coastal Reservoirs-New Era Solution for Water Woes
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	 Praying Water for Bangalore
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Sources and Options we have to address water supply issue?
	YEAR
	Global Dam Construction
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Coastal Reservoirs
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Sea based reservoirs Vs on Land reservoir’s
	Advantages of sea based reservoirs
	  Advantages of sea based reservoir
	Existing Coastal reservoirs around the world �(modified after Yang and Kelly, 2015)
	On 25 September 1933, the Afsluitdijk, NETHERLANDS was officially opened
	Construction of Large Freshwater reservoirs in Bays – Hong Kong
	Slide Number 30
	HOW DOES THE BARRAGE WORK?
	Slide Number 32
	Qingcaosha Reservoir in Shanghai
	Coastal reservoirs –Under Planning stage�
	Slide Number 35
	Fresh Water Shortage
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Feasibility Implications
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	-coastal reservoirs – 1110 BCM connected through sub surface pipeline in ocean – Perennial water source by connecting to Ganga / Hooghly river 
	River basins Considered
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Summary and Conclusion
	1st IACRR World Congress in October 2020
	Slide Number 56

