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Introduction - The Global Situation
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Polar ice and glaciers

2% O ¢ 1%

Liquid salt water in
oceans and seas
97%

Circulating fresh water and water vapor
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Water and sanitation crisis

* Every month, water-related diseases kill more "’WARI\IIE G!
than 250,000 individuals (1 individual every 10 ' 'Sewage-
seconds, or 1 plane crash every hour) Avid conac with rve ater rin.

* More than 1.1 billion people worldwide, or
one-sixth of the global population, do not have
access to safe drinking water, and

=,
3

* nearly 2.6 billion lack access to basic
sanitation, according to the World Health
Organization
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Water Pollution

» Discharges of sewage (e.g. sewer overflows) and by
agriculture are effecting freshwater bodies and coastal areas

+ Avisible effect is the increasing growth of algae, even though
protective measures are implemented
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centralized water systems decentralized water systems

“end of pipe technology” considering “ecosan”
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Climate change — water stress

e @ \Nater Stress

é
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g A in Europe in
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Precipitation in the Netherlands — extreme years
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Climate change — low flows and drought

* The rising sea level and more
frequent low river discharges
during the summer will allow the
salty sea water to flow further
inland.

» The salination of the river water
will cause problems for the
freshwater supply for drinking
and regional agriculture.

» Especially in case of salination

of the Hollandsche IJssel, the
Haringvliet and the Spui.

Rijkswaterstaat, 2007
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Fresh surface water

» 73% of the fresh surface water  "**
in the Netherlands originates
from the Rhine (approx. 65%)
and the Meuse (approx. 8%).
The remaining 27% are o
originating from smaller rivers S
and from precipitation. #!
* The water use is water supply
(for drinking water, agriculture,
industry and cooling water) as
well as for transport (shipping)
and recreation.

Legera
B nhie

Moues

Middelkoop, 1999
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Water Resources & Withdrawal

Total renewable water e
resources: 89.7 cu km (2005)

Total Freshwater withdrawal:
+ 8.86 cu km/yr S =
Domestic: 6% 1
Industrial: 60%

Agricultural: 34%

per capita: 544 m3/yr (2001)

Legera
B nhie

Moues

Middelkoop, 1999
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Water Import Dependence

The ratio between the water footprint of a country's imports and
its total water footprint yields.

(Beef 1/13500, Soybean 1/2750, Rice 1/1400, Milk 1/790)
Water Import Dependence (percent)
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\\q' \50\ Selected Countries, 1997-2001, Chapagain and Hoekstra,
Water International, March 2008 / World Water Council
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Livestock Water Demand
= Based on 6 major types of livestock in the world (cattle, buffalo, sheep,
goats, pigs and poultry/chickens )
JARC =
CAN
EQ
CAP
ANT e i AL
¥ ? — i — —
] 0-0.1 NN o5-1 NN 2-5 [10° mo-a] Year 2000
| 041-05 HEEEE 1-2 NN 5-10
Data: FAO livestock densities [Yoshihide Wada, 2010]
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Irrigation Water Demand

m=  Based on monthly irrigated areas and crop calendars for 26 crops
around the year 2000

[ | 0-01 WEEEM 10-1co NEEEEN 500- 1000
10°ma’ [ Year2000 |
BN 010 EEEE 100-500 NENEEM 1000-2000 ' !

Data: MIRCA2000 and GCWM (University of Frankfurt) [Yoshihide Wada, 2010]
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Industry Water Demand

m  Based on industrial water withdrawal data of World Water Assessment
Programme

GV

[ --»1” ,L“V Y .~ -

[ ] 0-01 [ 10-100 [N 500 - 1000 ot _
a Year 2000

s 0.1-10 EEEEE 100-500 NENEEM 1000-7000 L0 M@ sa

Data: WWAP (WWDR-II) [Yoshihide Wada, 2010]
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Domestic Water Demand

= Based on gridded population map and county per capita water
withdrawal

ANT g = IGW P I S

| 0-01 NN 10-100 WEEEEE 500-1000 a0 o ~eas 3000

[ o1-10 M 100-500 MEEEEE 1000 - 2000

Data: PBL HYDE (Netherlands Environmental Assessment Agenc) [yoshinide Wada, 2010]
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Gridded Groundwater Abstraction

= Downscaled to spatial resolution of 0.5° using water demand as a proxy
considering sub-grid variability on countries’ borders (up to four
countries in a grid cell)

ANT e ¢W SRt ST
C | 0-2 M 20-100 [EEEE 300-1000
Year 2000
[ 2-20 MEEEEN 100 - 300 [mm-a]

[Yoshihide Wada, 2010]
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Historical Trends

m Past groundwater abstraction is relative to past total water demand.

m Past groundwater depletion = past groundwater abstraction —
average groundwater recharge from 1958 to 2001
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[Yoshihide Wada, 2010]
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Large-scale abstraction of groundwater
leads to a sea level rise of 0.8 mm per year.

This is about one fourth of the current rate of
sea level rise of 3.1 mm per year.

Wada, Y., L. P.H. van Beek, C. M. van Kempen, J. W.T.M. Reckman, S. Vasak, and M.F.P. Bierkens (2010),
Global depletion of groundwater resources, Geophysical Research Letters doi:10.1029/2010GL044571, in press.
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Freshwater Management in t
Netherlands and abroag/- 70
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Water and Water Supply Policy

» The total drinking water produced in the Netherlands origins
to approx. 60% from groundwater and 40% of surface
water.

+ High population densities and intensive farming practices
cause a continuing increase of pollution and potentially
hazardous substances in fresh water resources.

* 15— 20% of the delivery costs for drinking water are often
spent for the tracing and treatment of pesticides.

+ Collected river water is purified by sedimentation, aeration
and the adding of iron-sulphur (elimination of phosphate),
before it is either infiltrated in dunes for artificial groundwater
recharge or stored in lakes.

e
24 Assist. Prof. Dr.-Ing. Thorsten Schuetze TUDelft

12



Drinking Water from river water

Nature-orientated purification by the “river-dune” or “river-
lake” method (100 days holding time)

Further treatment in form of:
softening in a reactor,

treatment with activated carbon (for the elimination of
pesticides and a better taste) and finally

sand filtration

Duinwaterbedrijf Zuid Holland, 2008

25
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Responsibilities

The Waterworks, represented in the Association of Dutch
Water Companies (VEWIN), are responsible for

— the supply and quality of drinking water

— the management and

— the quality of all pipes up to the home water meter

The European legislation is leading for the National
Government (creates the legal conditions for the waterworks
in form of the ‘Water Supply Act’ and the corresponding
‘Decree on the Water Supply’).

The Provincial Government is responsible for the
regulation.

26
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Responsibilities

The Water Boards (District Water Control Boards) together
with the department of Public Works and Water
Management are responsible for

— the quality and quantity of regional water.

The Water Boards
— control the quality of surface waters
— monitor the physical water levels,
— discharge water if necessary
— physically maintain waterways and canals.

The water boards are organized in the Association of Dutch
Water Boards.

27
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National Water Supply Priority Series

The National Water Supply Priority Series determines the
distribution of fresh water in state-managed waters around the
country in periods of water shortage.

It applies to all areas to which the state-managed water can
be supplied.

The remaining areas are governed by regional priority
series, which are generally based on the national series.

The series gives different priorities to four categories.

28
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National Water Supply Priority Series

Flood protection and  Public utilities Small-scale, Other interests
prevention of high-value use (economic
irreversible damage considerations, also

relating to wildlife)

1. stability of flood 1. 1.drinking water — temporary spray — navigation
defence structures supply system irrigation of capital- = agriculture

2. compaction and 2. 1.power supply intensive crops — wildlife (provided
settling (peat and system ~ process water damage is not
moorland) irreversible)

3. wildlife (linked to - industry
soil conditions) - water-related

recreation
COMES BEFORE COMES BEFORE [T el pasceshwater fisheries

29
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EU Water Framework Directive

The EU WFD provides a framework for the integrated
management of groundwater and surface water for the first
time at European level.

For all surface waters general requirement for ecological
protection, and a general minimum chemical standard were
introduced, which are defining the two elements "good
ecological status” and "good chemical status".

A good ecological status is defined in terms of the quality of
the biological community, the hydrological characteristics and
the chemical characteristics.

30
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Competition of ecology and other uses

Set of uses, like essential drinking
water supply and flood
protection, can adversely affect
the status of water.

Derogations from the EWFD
requirement are provided to
achieve good status for these
cases, as long as all appropriate
mitigation measures are taken.

Rijkswaterstaat, 2007
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Competition of ecology and other uses

Navigation and power generation is also adversely affecting
the status of water, but these activities are open to alternative
approaches. Derogations for those cases are subject to the
exclusion of alternatives because they

are technically impossible,
are prohibitively expensive,
produce a worse overall environmental resulit.

32
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Groundwater

For groundwater the EU WFD is defining the chemical and
quantitative status.

Groundwater should not be polluted at all.

For the general protection of groundwater from all
contamination, direct discharges to groundwater are
prohibited.

Indirect discharges have to be monitored to facilitate the
detection of changes in chemical composition, and to reverse
any anthropogenic induced pollution.

33
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Groundwater

Abstracted may only be "
the amount of total e
yearly groundwater
recharge, which is
exceeding the demand

of connected ~ o " - -
ecosystems, like v e
surface water bodies or e
terrestrial systems (e.g. | I ey
forests or wetlands) ' 1 5
: 6
E '
UNEP, 2604
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Sustainable Water Management

» Sustainable (urban) water management is including the
different sections of the urban water cycleand water issues
which are relevant in the framework of the concept of
Integrated Water Resource Management (e.g. flooding,
drainage, irrigation an sanitation):

» water supply & distribution

» water use & saving

+ Water reuse and recycling 4
« water storage and augmentation

Schuetze et al. UNEP IETC DTIE & TU DELFT, (2008) e
Every Drop Counts, Environmental Sound Technologies for water use efficiency in the urban and domestic environment.

36
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Sustainable Water Management

Focus:

 Efficient use of ESTs

 Efficient is: optimizing the
balance between demand and
safe and sufficient supply

- Efficient and fit: selection and /| "= | o | TR
combination technologies that 4 S ) R e
fit in with sustainable
perspectives for the local \ /
situation e

Jike
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Environmentally Sound Technologies
in the Urban Water Cycle

Technological Description

Construction, operation and
maintenance

Relative Costs
When appropriate technological

approach =i sl
Advantages, disadvantages and - /
constrains =T

Cultural acceptability =
Extent of use Jide
References, Links and Literature

3
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Storage and Augmentation ESTs |

Ponds and Reservoirs

Artificial recharge of
Groundwater

Water Tanks

Rainwater runoff in surface
water

Rainwater runoff in
groundwater

Rainwater runoff in tanks
Effluent in surface water
Effluent in ground water

—
N

39
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Supply and distribution ESTs |

Surface water abstraction
Groundwater abstraction
Water supply reservoirs (tanks)
Transfer of water

Single pipeline systems (one
quality)

Dual pipeline systems (two
qualities)

Water containers (bottles, tanks) 3
Centralised treatment systems S
Point of use treatment systems W | i Jf 7z

40
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Use and Saving ESTs ,,

Waterless toilets (compost- and dry-)
Water saving toilets poss=s

\ 0 | —_—
Water saving urinals B ot “‘ ' D x|
i 56 JU U BT U UU

Waterless urinals L gy = W 5w

Water saving taps L
Water saving showerheads .' LMVULI)W k
Pressure reducers L - _
Water saving household appliances

Economised water use: personal

hygiene

Economised water use: cleaning &

watering

41
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A
s,

Reuse, recycle & disposal ESTs
quality and treatment issues

Domestic rainwater use
On-site treatment of grey water

Constructed wetlands imosao
On-site and near-site :""Q? .
treatment of black water and e ] _ ! o
mixed sewage _W ‘qq@ﬁ

Separating rainwater from
sewer systems
Environmentally sound
centralized sewage treatment
in developing countries

structed wethnd

42
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The urban water system

s
/ Natural
Augmentation Hydrological cycle: Freshwater
and discharge groundwater, surface extraction
of treatod water

water, rain and
\ percipitation

Collective
sewerage and
wastewater
treatment

Individual Individual water
augmentation and harvesting and
wastewater purification
treatment

Households, businesses, public buildings and
services

Potentially inverse infrastructures

=
1
1
)
1
1
1
1
'
1
)
'
)
)
1
1
1
1
1
)
Collective water |}
extraction and 1
purification .
1

1

'

1

)

1

1

1

)

1

)

)

)

1

)

1

1

)

1

1

1

1

Drinking water
supply
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Rainwater Management

Sustainable Urban Rainwater Management in general
consists of different modules which can be summarized
to the following main topics which are interacting:
rainwater retention and purification (e.g. by soil and sand
on green roofs or in tanks and basins, lakes and open
water systems),

rainwater infiltration (on surfaces like unsealed traffic
areas, in swales, infiltration ditches or infiltration wells)
rainwater evaporation (by open water surfaces and plants,
e.g. lakes, green roofs, gardens or lawn areas),

rainwater harvesting (from roofs or open spaces like
pavements courtyards and parking lots and roads)
rainwater utilisation (for cleaning, toilet flushing, garden
watering)

45
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¢ S s
...... rainwater
mmmm grey, blackwater filter

Decentralized Rainwater Utilization

ashin; oileé bk kitchen H {
o v .
| . .
. .
. "
. .

7“\ K ©
pAS (L tan o
oy

infilteration
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Decentralized Rainwater Utilization

outlet

water supply
pit

I——l7
%ﬁ—l;ation

or drainage

o=l mﬁl_tratlon

inlet or drainage -
collected ﬂ»‘—a_’:ove oW —
rainwater |

filter !
maximum
water level
! pressure
minimum
= water level
2 e i .i...) sediments
. e
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Decentralized Rainwater Utilization

» Rainwater collection
and utilization

* in many countries
allowed for service
water purpose

* Possible drinking
water source in
areas with polluted
fresh water
resources (e.g.
Arsenic, Fluor, Tin,
etc.)

e
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Supportive regulations for rainwater utilization

In Europe Belgium, England, France and Germany, provide
norms or guidelines for the utilization of rainwater.

In France “Veolia” supports the formulation of appropriate
regulation for decentralized and individually operated and
maintained systems.

In Germany since 2003 the planning, installation, maintenance
and is regulated via standards (DIN 1989 Rainwater Harvesting
Systems, DIN 1986 Rainwater Pipes, DIN 1988 Drinking Water
Installation), facilitating an easy planning and installation
process for the end-users and service providers.

— Despite the relative large savings on the water fee, generally the
installation and operation of such inverse infrastructures is not
economically profitable for private households.

49

e
Assist. Prof. Dr.-Ing. Thorsten Schuetze TUDelft

Supportive regulations for rainwater utilization

Nevertheless, about 75,000 new Rainwater Harvesting Facilities
are installed in Germany per year.

So far, a total of 1.6 million functioning facilities exist in 3.8% of
the 39.5 million households in Germany.

Their installation is subsidized by some federal states. In
Nordrhein-Westfalen up to 1,500 Euro subsidies are paid per
facility and Bremen covers one third of the installation costs, up
to 2,000 Euro.

In London/ England, the decentralized retention and infiltration
of rainwater is required in all new urban developments to cope
with declining groundwater tables (source of drinking water

supply).

50
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Supportive regulations for rainwater utilization

* In Belgium, all new buildings (with roofs bigger than 75m?)
have to be equipped with rainwater harvesting and
utilization facilities! (building code by the Ministry of
Environment - Vlarem Il (art. 6.2.2.1.2.).

» The rainwater systems has to be:
— 1. collected and utilized
— 2. infiltrated on the own property

— 3. retention and discharge in natural or artificial surface water
bodies

— 4. discharge in the rainwater sewer in the street

(1. is not obligate for existing buildings, however 2., 3. and 4.
have to be applied as much as possible)

e
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Rainwater utilization in Australia

53
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Percent Households

Rainwater utilization in Australia

» Water sources in Australia
(ABS, 2007)

* 93.4% of all Australian
households (98.5% in capital
city) are connected to mains,

+ 25% of all households
(17.3% in capital city) use
also rainwater

25

113 186 181

Mans Rainwater Bottled Bore/well Riverfdamicreek

Grey
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Rainwater utilization in Australia

» Rainwater use in Australia (ABS, 2007)

22

o Australia
m South Australia
O Adelaide

Gardening Showering/bathing Washing clothes Flushing toilets

55
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Barker

Area — metropolitan »
Adelaide and Mount

On average, the
collected rainwater
from 10.1% of all

Rainwater utilization in ustralia\

\

-

Queensland ‘

Western i "

installations (2.5% of Australia  South Australia |
all households) is New South
used for drinking. Jf‘ / Wales

. H ‘b
In South Austrgllan / -
households this Aoaice w g
percentage is even
22%(Rodrigo, 2009). Tasmania J
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Rainwater utilization in Australia

Over 3 Million people drink rainwater
without any sophisticated treatment

water supply company delivered
poorly treated water from the Murray
River to households

many people in Adelaide and Mount
Barker decided to install individual
rainwater collection tanks fro drinking
water supply.

People stick to their systems, even
after extension of centralized
systems

Soci-economical and quality reasons

57
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Rainwater utilization in Bangladesh

27° T T T T

Arsenic (pg L")
« <05
- 05-4
4-50

Arsenic Contamination of GW

26° |-

District: 59 out of 64 s |

Southern and Northeastern
districts are worse affected 247

25% of shallow tube wells -

Estimated 30 million are exposed
to Arsenic above BDWS

op0 | )

BD Standard for As : 50 ug/L 2t e ii i %
WHO Standard: 10 ug/L o LT

88° 89° 90° 91° 92° 93°
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Providing Safe Arsenic Free
Potable Water is the most
difficult challenge for the water
supply sector

Rainwater Harvesting is
considering the most suitable
option

Pond sand filter, Rain-feed pond
water, Rainwater harvesting are
the commonly used water
supply options in the Coastal
areas in Bangladesh

59
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Analysis of 21-years rainfall
from 1982 to 2002 - average
yearly rainfall is 2634mm

Excess rainwater in monsoon
has to be stored for use in dry
season

A roof catchment area of about
17 m? is sufficiently enough to
collect the required water
needed for a family of 6-7
members for domestic water
requirements during the dry
period.

Monthly Rainfall (mm)

450

mDhaka ®Khulna

400

350

300 1
250 1
200
150 1
100 4

50 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Portion of Roof for Rainwater Catchment

Catchment
not available
2.7%

Others
18.4%

Whole Roof
25.3%

Quarter Roof
22.6%

Half Roof
31.0%
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Household storage reservoirs
(51.3%) varies from 2000 to
32001

Community Based: Capacity >
10,000 |

Promoting and Constructing
RWH Systems

NGOs (58.4%)

Department of Public Health
Engineering (28.5%)

Local Government Engineering
Department (7.4%)

Personally (5.7%).

61
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Tank size (mass balance is
required)

Leakages in collection systems

During the dry period, the users

depend on other unsafe sources

(unsafe pond water, sometimes
far away from the household
premises)

The women need a long walk
and time for water collection.

WHO guideline (2008) can be
followed for the safe and

sustainable rainwater harvesting

in Bangladesh

Availability of water in the RWH system

Information
not available 4 Month
11.1% 2.8%

Whole Year
19.8%

6 Month
31.9%
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The imperative of integrated system approaches

+ At the local decision level there is a need for practical criteria
that can guide “the actors” in the planning process.

 What is efficient ?

> high results (sufficient sanitation and water for households,
farming, industry, health)

> low efforts (money, time, resources, human energy)

» But this is not all...

* Let’'s look at a case where quite a lot of things went really
wrong, due to lack of an integrated system approach ...

3
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The imperative of integrated system approaches

e
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The imperative of integrated system approaches

 Current situation Problems of erosion and pollution (storm
water & waste management)

e
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The imperative of integrated system approaches

* Freshwater
from wells

* Poor
sanitation

* Open
defecation
and
wastewater
discharge

e
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+ Self help
construction
project

i
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-

.
003000000 &
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stem approaches

U [ R M

New long distance water
supply and water taps.
New pour flush toilets
and pit latrines for
infiltration of sewage
liquids.

In principle good?
Manifold problems!

MINDARA

NEIGRURO0D LPURADING PROJICT 1904-87

69
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Electricity blackout = no water
supply

Use of old wells

Water is contaminated by

infiltrated sewage = health
thread

Less groundwater recharge
through drainage of rainfall

Drained rainfall leads to the
erosion of fringe and threatens
even houses

Plans have to be based on an
integrated system approach =
for flows areas and actors have
to fit together.

70
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IURM related to water and sanitation

Food
- — fa_eces
urine
greywater
drinking water

53
~J
IURM approach applied e.g. in Africa, India, Latin America...

[Sustainable Sanitation Alliance, 2008]

7
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IURM related to water and sanitation

greywater
- treated greywater
drinking water

IURM approach applied e.g. in Sweden, India, Africa, Latin America

72
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Riverbed Filtration & Groundwater recharge

In Berlin, riverbed filtration is used since 1850, based on natural
surface water and “recycling of domestic sewage”

75% of Drinking Water is produced in this way
Efficient and cost effective method to purify water
Additional purification = easy

Horizontal wells / o I
— B

Vertical wells
.

=Y
| e QNG

74
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Riverbed Filtration & Groundwater recharge

* |In Berlin, aeration and sand
filtration are the only
additional measures which
are applied to produce
drinking water

» Degradation of: organic
substances (DOC/ AOX),
trace elements,
microorganisms, algae and
toxic substances

[Berlin, Germany]

e
75 Assist. Prof. Dr.-Ing. Thorsten Schuetze TUDelft

Feldstandorte am Tegeler See

\UteTfiltiation:.

* Natiirliches System « Kiinstliches System (15 Mio. m3/a)
* Anoxisch/Anaerobe Bodenpassage + Meist oxische Bodenpassage

+* Entfernung Ufer — Brunnen 80-100 m + Entfernung Ufer — Brunnen ~100 m
* Aufenthaltszeit ~4.5 — 5 Monate » Aufenthaltszeit ~50 Tage

[Jekel 2005, Germany]
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Seawater Desalination — Barcelona, Spain

. Ad
Barcelona has immense water :
demand in an arid region

Less than 5% of the original wetlands
in the area remain

Big part of agricultural land has been
lost in the last decade

By the end of the 1980s, the Llobregat
River was one of the most polluted
and degraded in Western Europe. D

Overexploitation of ground water had
led to salinization of the aquifer,
rendering 30% unusable S i

>z
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EVOLUTION OF RESERVES IN DAMS

1982-2008

¥ sc g BEEZBEBEEBBERENEEY B

'
v
| |

1085 | 007 1vea Daowo Taooo Tvom Daosa Taows Tasme 2005 | 1om6 2097 1 10a Tiomo T 2000

= SankPonc - s Beellz - Ls Loza def Cavell (213 hen 3) —— SewSusqeds (38hm  3) [Agbar]
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Water supply for the Barcelona
Metropolitan area:

Ter River supply (50%)
Llobregat River (40%)
Groundwater (10%)

Since 2009 a seawater desalination
plant with a capacity of 60 Mm3/year
(covering 25% of total demand)

11/19/10

" TWATER RECLAIMED DEMANDS,
‘ i

BARRIER AGATIST
SEAWATES ITRLSION

PICREASE OF RIER ‘
WITER FLOW. \ AR
-

Awcuroe. %
WAGATION

U INSTALLED ELECTRICAL POWER: 36.000 kW

U CONSUMPTION:

Projected multi-purpose use of reclaimed water in Llobregat Delta for 2015
WWTP El Prat de Llobregat WTTP San Feliu de Llobregat
Mm?3/yr Mm?3/yr
Agriculture 11.83 7.32
Rzver stream flow 10.37 -
Wetlands 6.31
Seawater barrier 0.91 -
Municipalities - 0.11
Recreation - 0.37
Industry 5.48 -
Total 349 7.8
. 3
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CHARACTERISTICS OF THE DESALINATION PLANT
O PRODUCED VOLUME:
* Yearly production: 60 hm3
= Nominal daily production: 180.000 m3
= Maximum daily production: 200.000 m3
O TECHNOLOGY: Reverse osmosis (RO) s
o Cartndges
| W Maintenance.
0O CONVERSION: 45% B e

Electric power cost per cubic meter: 0,21 €

= Total: 4 kWh/m3
= RO process: 3 kWh/m3
[Agbar]
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Sewage to Drinking Water — Windhoek Namibia

* Windhoek is the only city in the world directly reclaiming
treated wastewater effluent for drinking water for the past 35
years

» situated in the center of one of the most arid countries in
Africa, with perennial rivers either 500 km to the North or
South,

* mainly depends on water supply from boreholes and three
surface dams in ephemeral rivers some 60 to 200 km away.

» supply of water from further away through the North Eastern
Water Carrier is not economically feasible (Central Areas JV
Consultants, 2004).

3
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YH)

VON BACHWTP

~— |

OMATAKO-SWAKOPPOORT VON BACH DAMS

« The water mmu ,g QJ
cycle of :

PS

Windhoek RECHARGE —{i« 7
* Drinking water [I E“—I g
mIX from RESIDENTIAL %us'rm;m éRECREATIONAL
sewage & |
dam water Ll'éEF?_ILI'éEF\_"—I N
- Standard 25%  wwre= worma ] wwirs

IRRI(‘ATION | IRRIGATION |

- max 35%
reclaimed tﬂ I-g;'-v_‘ raver

- GORFANGAB DAM

water B v <
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Principles for reuse and reclamation in order of priorities:
. Industrial: cooling & process water, construction activities
Agriculture: crop and commercial nurseries

Landscape: public parks, golf course, school yards,
cemeteries, greenbelts, residential

Recreation/environment: lakes, ponds, marsh enhancement,
stream flow augmentation, fisheries

On site re-use of Grey water: lawns, trees, ornamentals and
food crops

Non-potable urban: fire protection, air conditioning, toilet
flushing

Groundwater recharge

Potable reuse: through advanced water treatment based on

multi barrier approach provided that reclaimed water is
blended with water from other sources.

93
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New Goreangab Reclamation Plant (NGRP) - 21,000 m3/day:
Powdered activated carbon

Pre-ozonation

Chemical dosing and coagulation

Dissolved air flotation (DAF)

Chemical dosing: Caustic (NaOH) and permanganate (MnO#)
Rapid sand filtration

Ozonation and ozone contact

Chemical dosing

Bacteriological activated carbon (BAC) filters

Granular activated carbon filters (GAC)

Ultra filtration (UF)

Chlorination and chlorine contact

Stabilisation (pH)

94
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Removal ot Organics (COD, DOC, UV254) through various treatment Processes

70.00 -+ 0300
6000 |—R= =@ e = 0250
¥ som N L 1 0200 §
Z wm ‘,4\ i

N <o
8 0.0 -

§ 20.00 - ~
1000 W o
0.00 0.000

*\' ~‘ & -+ 0.100 §

B8 mix DAF SF o3 BAC GAC  FIN[UFt
ci2)

s DOC -05%P s COD-95%P = & =1V 254-05%0

Rem oval of Turbidity and Fascal Coliform through various treatment Processes

10,000.00 3.660

aso —
1,000.00

94.;
100.00

10.00
1.00
0.10 |

0.01

DAM B2 mix

OTurb-95%FP (NTU}
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Sewage to Drinking Water — NEWater Singapore

Land Area

Population

Average Annual Rainfall

Average Water Demand

.

ingapore

Country
Information

MALAYSIA

1D ONESIA

700 km?
4.7 mil
2,400 mm

1.6 mil m¥day

(approx 600 Olympic size

swimming pools)
[Hoong PUB, 2008]
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Sewage to Drinking Water — NEWater Singapore

» Singapore's’ aim is water independency in the long term

« NEWater = water that has been purified with advanced
membrane and ultraviolet technologies.

* NEWater is expected to meet 40% of Singapore's water needs
by 2020 (from 15 - 30% in 2010 with totally 5 plants).

Collection of used water (100% sewered) 180

176
175

172

170 170
170 +H—H—p—

126 165 165 165 165 165

s

5

il II II
155+

1934 1995 1996 1997 1998 1999 2000 2001 2002 2003 20§

it Tl " [Hoong PUB, 2008]
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Sewage to Drinking Water — NEWater Singapore

» The third "tap" in the "Four National Taps" strategy to provide
Singapore with a sustainable and diversified supply of water.

Water for All

FORATOML WP

* Local catchment * Conserve Water

* Imported water (Johor) * Value Our Waters
+ NEWater * Enjoy Our Waters
* Desalinated water

[Hoong PUB, 2008]
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Sewage to Drinking Water — NEWater Singapore

PUB manages the complete water cycle
From sourcing, collection, purification and supply of drinking water, to treatment of used water and
turning it into NEWater, drainage of storm water

Stormwater o Rain< Sea<

Management
[4

Direct Non- e

Potable Use Collection
of

Used Water in

[Hoong PUB, 2008]
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Sewage to Drinking Water — NEWater Singapore
Water Demand Management

UEW Control Water Conservation

Network
Management
_EL Pricing
Reflect the strategic
importance and

z Measures ity value of
Strict Leak scarcity value of
Legislation To Gontrol Con:%!e ==
IIE?
= Water
entage
10.0 Accurate onservatio
3.0 Metering
80 N s
70
sof Voluntary mranaaey
50 4.4 3P approach Cut down on excessive
40 = o flow and wastage of
'romof
2 rnessip o water =
X conservation
10
1990 2007
[Hoong PUB, 2008]
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+ NEWater = water reclamation process that puts used water
through four barriers to become drinking water.

Vortex Grit  Primary Settlement Aeration Final Settlement
Inlet Works Chamber Tank Tank Tank To

Sea

Coarse

Returned Activated
Sludge
Screen

Primar\glsl.lggéckene Thickening
Centrifuge

Centrate
(To Inlet Works)

e Des\raéered

H udge
Digester “ - o o Sludge dryer
—{IID .

Dewatering
m Centrate
Generator {Lo Injet Works) Disposal
—

[Hoong PUB, 2008]
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Sewage to Drinking Water — NEWater Singapore

* First barrier: conventional
water treatment process
where used water is treated
to globally recognized
standards.

« Second barrier:
Microfiltration to filter out
everything but dissolved salts
and organic molecules.

e
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* Third barrier: Reverse
osmosis traps bacteria, viruses,
heavy metals, dissolved salts,
aromatic hydrocarbons,
pesticides, etc. Only small
molecules like H,0 pass
through

* Fourth barrier: Ultraviolet
disinfection as an added safety
back-up, residual i
microorganisms are inactivated. |

» Final stage: Chemicals restore
the water's pH balance =

e
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Sewage to Drinking Water — NEWater Singapore

+ indirect potable use since
Sep 2002:

* Mixing NEWater with raw
water in the reservoirs
before undergoing
conventional treatment at the
waterworks for supply to the
public for potable use

» The amount will be
increased from 1% (2002)
progressively to about 2.5%
of total daily water -
consumption (2011). - TR M B

e
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MacRitchie Reservoir

i

Wiiprotected,,,., § i

¢ Catchment
e [

[] Protected Water Catchment
[0  Proposed Water Catchment

O Half of Singapore is already water catchment
O Catchment area will be increased from half to
two-thirds by 2011

[Hoong PUB, 2008]

3
105 Assist. Prof. Dr.-Ing. Thorsten Schuetze TUDelft

3-in-1 Marina Barrage
Water supply Flood Control Lifestyle attraction

“Creating a reservoir in the
city centre of Singapore”

[Hoong PUB, 2008]
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[Hoong PUB, 2008]
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Collecting every drop of rain

Kranji Upper Seletar Lower Seletar
Kranji Reservoir was aeated by damming up Upper Seletar Reservoir is Singapare’s third impounding Lower Seletar Reservoir was constructed by building a dam acaross Sunged
the river mouth and i rich In birdiife reservair, after MacRitchie and Peirce Reservairs, Seletar, Rainwater that falls in parts of Yishun and Ang Mo Kio towns s
biodiversity. Rainwater that falls in Choa Chu Rainweater falling InWoodlands town flovss to the Upper |/ conveyed to the Lawer Seletar Reservoir through drains and canals.
Kang and Bukit Panjang towns flows to the Sefetar Reservolr through drains and canals.
Keanji Reservoir through drains and canals. Pufgol aind Seeaigiocs
/ Punggol and Serangoon Reservoirs are Singapore's 16th and 17th
. / Teservoirs were formed by damming major rivers. Rainwater from
Sarimbun, Murai, Poyan iy / Sengka\g,mgqol. and Hougang lvml?\vil be channelled to them.
and Tengeh B >
These four reservairs are focated in | Lo
generally uninhabited areas o
In the west. . R
= o
. 0w Jp——
Jurong Lake T |
Jurong Lake is @ man-made & |/
freshwater ke TR hexn
Raimvater that falls in T,
the Jurong West and d N '
Jurong East towns is bad PA
channelled to the e 4 g v
Izke through — a?
drains and — e S
— o ——
canals. e & 8 _— ‘
£ D / = = Bedok
Pandan —— \ / e - The first to tap water from an urban catchment, Bedak Reservoir
Constructed Upper and Lower  / v ar ° wias converted from a farmer sand quarry. Nine stormwater _
aver swamp Peirce, MacRitchie collection stations tap the rainwater from surounding urbanised
land and the original Pandan The first of Singapore’s catchments like Bedok and Tampines towns.
river, Pandan Reservair reservoirs, these are located  Marina
receives ity water through within the nature reserves Marina Reservolr, Singapore’s 15th reservoir and the first reservoir -
drains and canals from areas The reservoir waters are in the dity, has the largest and most urbanised catchment at
such as Clementi and Bukit pristine as they are leftin 10,000 hectares. Rainwvater is collected from as far as L
Batok towns. their natural states, Queenstown, Geylang East, Ang Mo Kio and Toa Payoh areas.
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» Future water demand is set to double by 2060, when industry is
expected to account for 70 % of water demand.

« Singapore wants to triple its output of recycled water by 2060, to
meet growing demand.

» Water catchments will be expanded to cover 90% of
Singapore's land area in the long term

Where our water comes from

2 0 B

é Now | 30% 10% st
é 2060 | s50% 30% —

mdmx From 670/0 now, it will grow to 90% of land area by 2060.

ST GRAPHICS
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Active, Beautiful, Clean
Waters f‘V
-
§

The Blue Map of Singapore

[Hoong PUB, 2008]
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ABC Waters Programme

ABC Waters Programme is about:

A ACTIVE

New recreational spaces
B. BEAUTIFUL

Integration of waters with urban landscape
€: CLEAN

Improved water quality

_ b Yo

“... Turn Singapore into a city of gardens and water”
Prime Minister Lee Hsien Loong,
At ABC Waters Public Exhibition Opening

(Feb 07) [Hoong PUB, 2008]
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Water for All :Con:zm.Vauc.Enjoy -
Kolam Ayer Project - Before e () PUR

[Hoong PUB, 2008]
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Water for All: Conserve,Value, Enj;:/y
Kolam Ayer Project - After e P Pun

[Hoong PUB, 2008]

3
113 Assist. Prof. Dr.-Ing. Thorsten Schuetze TUDelft

Enjoy Water

< Cultivate a strong sense of bonding
and ownership of water through water-
based activities

Through the opening up of our reservoirs,
waterways & encouraging recreational use
of them

- Kayaking centres at MacRitchie, Bedok, Lower : = "
Seletar Reservoirs, Jurong Lake etc

- Upgrading of facilities at MacRitchie and Bedok
Reservoirs

[Hoong PUB, 2008]
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