THE STORY OF SINGAPORE WATER

From a hole in the ground to running water at
the turn of the tap. Lim Tin Seng tells us how
far Singapore has come in its search for water.
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nd will always be a precious
in Singapore. In 2015, the

Institute identified the city-state as one
of 33 out of 167 countries most likely to
face extremely high water stress by 2040.!
To help overcome the absence of natural
water bodies, the government has come
up with innovative ways to expand and
diversify Singapore’s water resources.
Over the decades, PUB, Singapore’s
national water agency, has created a sus-
tainable supply from four sources: water
from local catchment, imported water,
high-grade reclaimed water (known as
NEWater) and desalinated water.? Together,
these four sources, termed the “Four
National Taps”, have come a long way in
helping Singapore meet its water needs.

Early Water Supplies

Securing a sustainable water supply is
key to Singapore’s development, a fact
recognised by the British since the time of
Stamford Raffles. One of the reasons why
the British chose Singapore as a trading
post was its access to fresh water. In fact,
digging awell for drinking water was among
the first tasks ordered by Raffles when he
landed in Singapore on 28 January 1819.3

Eight months later, the British com-
pleted building a reservoir near the foot of
Bukit Larangan (now Fort Canning Hill.

Despite being rudimentary, the reservoir
had an aqueduct that carried water to a
plaster-lined tank sited at the edge of the
Singapore River.* The tank had a spout so
that skiffs (small boats) dispatched by the
larger ships anchored in the harbour could
pull up beneath the spout to collect water.®

The reservoir remained as the
island’s main water supply until the 1830s
when demand exceeded its capacity. It
was subsequently replaced by a system
of wells that were dug around the hill.

As demand for water continued to
grow in tandem with Singapore’s develop-
ment as a trading port, the British real-
ised that using wells to supply water to
visiting vessels was unsustainable as the
low water rate - at a piddling four gallons
per minute — was too slow. This meant
that ships had to wait for several hours
before they could fully replenish their
water supply. Those whose patience wore
thin resorted to obtaining contaminated
water from the Kallang River.®

The First Reservoirs

In 1823, the British Resident John Craw-
furd proposed spending 1,000 Spanish
dollars to build a new reservoir, but this
did not materialise. In 1852, the Govern-
ment Surveyor and Engineer John Turn-
bull Thomson suggested drawing water
from the “Singapore Creek” - an early
reference to the Singapore River. The
lack of government support and public
interest, however, scotched this plan. Five
years later, in 1857, the idea of having a
proper reservoir resurfaced again when
Tan Kim Seng, a wealthy Straits Chinese
merchant, donated 13,000 Straits dollars
to the local government to improve the
town’s water supply.’

Tan’s offer could not have come at
a better time: the population had grown
eightfold from 10,683 in 1824 to 81,734
in 1860, and in their desperation, people
turned to contaminated wells and streams
for their water needs.® With Tan's dona-
tion, the government began making plans
in January 1858 for a new reservoir and
waterworks. But when cost estimates bal-
looned to 100,000 Straits dollars, the Bengal
Presidencyin Calcutta, which administered
the British coloniesin the Far East, refused
to sanction the project. The reservoir and
waterworks were put on hold until 1862
when the Bengal government agreed to
fund half the project.’ The remaining half
was raised through a loan in 1864.

The new Impounding Reservoir
(renamed Thomson Road Reservoir
in 1907 and thereafter as MacRitchie
Reservoir in 1922) began operations

in 1877, exactly 20 years after Tan Kim
Seng’s philanthropic gesture. Located off
Thomson Road, the reservoir comprised a
catchment area of about 1,890 acres and
a conduit made of masonry that could
transport water to within 200 feet of the
Singapore River.”

Managed by the Municipal Council, the
reservoir used gravity rather than pumps
to distribute the water. As a result, the
municipality had to construct a number
of service reservoirs on high ground such
as hilltops. Water from the Impounding
Reservoir would flow to a pumping station
at the foot of the hill before being sent up
to the service reservoir and distributed
to households. The first of such service
reservoirs was built on Mount Emily in
1878, followed by Pearl's Hill in 1898 and
Fort Canning in 1928."

By the end of the 1900s, Singapore’s
daily water consumption had surged to
4.5 million gallons. This was due to the
booming population as well as the growth
of New Harbour (now Keppel Harbour).
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Municipal Engineer James MacRitchie
decided that the best course of action
was to enlarge the Impounding Reservoir.
Carried out between 1891 and 1894 and
at a cost of 32,000 Straits dollars, the
expansion works increased the capacity
of the reservoir.”

However, the enlarged reservoir could
barely meet with the increased demand
during prolonged periods of dry weather. To
relieve the pressure, the municipality had to
curtail water supply to as few as two hours
perday. Italso resorted to supplementing
the water supply with well water despite
its inferior quality.”

In 1905, the Impounding Reservoir’s
embankment was raised to further
increase its capacity. To obtain the addi-
tional water, a tunnel was dug to connect
the reservoir to Kallang River. While the
construction of the tunnel was still under-
way, Municipal Engineer Robert Peirce
proposed constructing an embankment
across the valley of Kallang River to cre-
ate a second reservoir in 1902."
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(Facing page) Children splashing themselves with water at a standpipe in a village in Geylang Serai,
1960s. The government installed standpipes to provide water to residents who had no tapsin their homes.

Courtesy of National Archives of Singapore.

(Top) The service reservoir on Mount Emily as photographed by G.R. Lambert & Co., ¢.1880s. It was built
in 1878 to receive water from the Impounding Reservoir in Thomson Road and distribute it to households.
Courtesy of National Museum of Singapore, National Heritage Board.

(Above) Thomson Road Reservoir ¢.1910. Known as the Impounding Reservoir when it began operations
in 1877, it was renamed Thomson Road Reservoir in 1907 and MacRitchie Reservoir in 1922. Lim Kheng
Chye Collection, courtesy of National Archives of Singapore.
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Kallang Reservoir - renamed Peirce
Reservoirin 1922 and Lower Peirce Reser-
voirin 1975 -was officially opened in 1911 at
acost of around one million Straits dollars.
Capable of producing at least 3.5 million
gallons of water each day, the new reservoir
together with the enlarged Thomson Road
Reservoir (known as Impounding Reservoir
until 1907), supplied the town of Singapore
with 9 million gallons of water daily.”

While the two reservoirs provided
enough water in the first decade of the
1900s, there were concerns whether this
was sustainable, especially since the popu-
lation had swelled from 300,000in 1910 to
almost 420,000 in 1920. During the same
period, the average daily consumption of
water had risen to over 10 million gallons,
beyond the capacity of the two reservoirs.”

Peirce warned that the water situation
would end in “disaster” unless “large and
bold measures [were] taken to improve the
water supply without delay”. The Municipal
Council’s initial solution was to constructa
third reservoir at Seletar (renamed Upper
Seletar Reservoir in 1992], which was
envisaged to have a capacity of 700 million
gallons.”” But the project was subsequently
scaled down to a smaller reservoir that
supplied only 2 million gallons of water a
day in favour of something far more ambi-
tious - the Johor water scheme.'®

Water from Across the Border

The Municipal Council had explored the
idea of importing water from Johor from

WATER AGREEMENTS WITH MALAYSIA

Singapore and Malaysia have signed four
water agreements regarding the supply
of water from across the Causeway.

e 5 December 1927: This agreement
allowed Singapore to lease 2,100
acres of land in Gunong Pulai at an
annual fee of 30 sen per acre for the
purpose of supplying raw water to the
island. Singapore was not charged for
the water.

2 October 1961 (Tebrau and Scudai
Rivers Water Agreement): Replaced
the 1927 agreement and allowed
Singapore to draw water from Gunong
Pulai, Tebrau River and Scudai River
for a period of 50 years. Singapore

The Central Catchment Nature Reserve occupies over 2,000 hectares of forest and is home to a rich
biodiversity of flora and fauna. MacRitchie, Upper Seletar, Upper Peirce and Lower Peirce reservoirs are

as early as 1904 after Peirce predicted that
Singapore would continue to face chronic
water shortages even if it were to develop
all its potential water resources on the
island. Over the next decades, Scudai River,
Linggiu River (a tributary of Johor River)
and Pelapah River in the state of Johor
were identified as potential water sources
for Singapore (see text box below)."”
Finally, in 1923, the Municipal Coun-
cil concluded that the best solution was
to obtain water from Gunong Pulai in
Johor due to its height. Located some
32 miles from Singapore and standing
at 770 feet, Gunong Pulai allowed water
to be delivered to the island by gravity,

paid an annual rent of RM5 per acre and
3senforevery 1,000 gallons of raw water
it drew. After the agreement expired in
2011, Singapore handed over to the Johor
State government the Gunong Pulai and
Scudai waterworks as well as the pump
houses at Pontian and Tebrau without
any charges and in good working order.

29 September 1962 (Johor River Water
Agreement): This agreement is still in
effect today and allows Singapore to
draw 250 million gallons of water per
day from the Johor River for a period of
99 years until 2061. Singapore pays rent
forthe land it uses “at the standard rate
applicable to the use made of such lands
and in particular building lots on town
land”. It also pays for the water it draws
at the rate of 3 sen per 1,000 gallons.

which was the most economical means.?
Development of the Gunong Pulai
scheme, which cost 22 million Straits dol-
lars, involved the construction of a series
of dams to create a 1.2 billion-gallon
impounding reservoir at the mountain’s
ridge in 1927 and a second 3.2 billion-
gallon reservoir located some 5 miles
away in Pontian Kechil in 1931. As the
latter reservoir was situated on lower
ground, the water had to be pumped to
Gunong Pulai’'s waterworks for treatment
and then piped across the Causeway.”
With water supply boosted by the
Johor reservoirs, it was initially thought
that Singapore had met its water require-

e 24 November 1990: This agreement
supplements the 1962 water agree-
mentand s still valid today. The agree-
ment allows Singapore to purchase
treated water from Johor in excess of
the entitlement of 250 million gallons
per day of untreated water under the
1962 agreement. Singapore bore the
cost of constructingadamacross Ling-
giu River and maintaining it. Singapore
also paid a one-time upfront payment
of RM320 million as compensation
for the loss of land use, a premium of
RM18,000 per hectare and rentals for
the remaining tenure of the agreement
calculated at an annual rent of RM30
per 1,000 square feet (0.02 acre). The
1990 agreement will expire in 2061,
along with the 1962 agreement.
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ments for at least 20 years. However,
the introduction of a waterborne sew-
age system and an increase in British
troopsin Singapore led to an unexpected
surge in water consumption to 25 million
gallons a day by 1940. In response, the
Municipal Council embarked on a plan
in 1939 to turn Seletar into a permanent
reservoir with a daily yield of at least
4 million gallons. The project, which
cost 5.6 million Straits dollars, also
involved the construction of a second
Pontian Kechil-Gunong Pulai water pipe
toincrease capacity. With these improve-
ments, Singapore’s daily water supply
increased to over 31 million gallons.??
The continued rise in population -
from 570,000 in 1940 to nearly a million in
1947 - again cast a spotlight on Singapore’s
water woes.? Since the daily water supply
stayed relatively unchanged during the
Japanese Occupation and the immediate
post-war period, the increase in consump-
tion meant that Singapore was once again
facing the crisis situation it experienced
during the early 1900s.% To address this
issue, the Municipal Council curtailed
water supply and launched a Save Water
campaignin 1950 to reduce consumption.?
In urgent need of more water, the
Municipal Council - renamed the City Coun-
cilin 1951 - looked for a new water source
in Johor and decided on Tebrau River.?
Completedin 1953, the Tebrau water-
works alleviated the water situation in Sin-

gapore by adding at least 20 million gallons
of water to the colony’s daily supply. This
brought the daily total supply to at least 56
million gallons, surpassing the daily con-
sumption of 52 million gallons. Initially, the
City Council wanted to expand the Tebrau
waterworks, but the winding down of the
Communist-related Emergency from the
late 1950s allowed the Johor River scheme
toberevived in 1958 and finalised in 1961.%

When the new waterworks at Johor
River began operations in 1968, at least
30 million gallons of water were delivered
daily to Singapore. While the authorities
were planning the Johor River scheme,
they also built another waterworks at
Scudai Riverin 1965.

Known as Sultan Ismail Waterworks,
it provided Singapore with another 30
million gallons of water each day. The
additional water supply from the Johor
River and Scudai schemes was timely
for Singapore as the island’s daily water
consumption had more than doubled by
this time, from 52 million gallonsin 1955
to 110 million in 1970. This was largely due
to a population boom in the 1960s as well
as the growth of the shipping, services
and industrial sectors.”®

Securing Domestic Water Resources

Although the water supply from Johor
helped to relieve the water crisis in the
1950s and 60s, the government had already
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recognised its heavy dependence on Johor
for water. This was evident during the
Malayan Campaign when the water supply
from Johor was abruptly cut in January
1942 after the British, in a bid to slow down
the advancing Japanese forces, blew up
the Causeway and with it the main water
pipe system from Gunong Pulai.?’

In 1963 when both the Johor River
and Scudai schemes were still under
construction, coupled with the prolonged
dryweather, Singapore’s water supply fell
to critically low levels, thereby forcing
the PUB - formed in 1963 to take over
the utilities departments from the City
Council - to impose a 10-month-long
water rationing exercise between April
1963 and February 1964.%°

In 1950, the Municipal Council had
commissioned a study to investigate

(Top right) In an age when people had to collect water from standpipes, public education was vital in water conservation. Courtesy of PUB, Singapore’s

national water agency.

(Below) Then Prime Minister Lee Kuan Yew visiting the Sultan Ismail Waterworks construction site at Scudai River in May 1964. Completed in 1965, the waterwoks
provided Singapore with another 30 million gallons of water each day. Ministry of Information and the Arts Collection, courtesy of National Archives of Singapore.

(Below right) A 2001 poster by the Public Utilities Board exhorting people to save

water. PUB Collection, courtesy of National Archives of Singapore.
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the availability of new water sources in
Singapore. Led by the engineering firm Sir
Bruce White, Wolfe Barry and Partners,
the consultants recommended three
methods of drawing water from the
rivers: either damming or transferring the
water to a larger central reservair, tap-
ping on groundwater in the eastern part
of the island, and constructing wells and
harvesting rainwater. However, in light of
the revival of the Johor River scheme, the
City Council did notimplement the recom-
mendations except to create a groundwater
system in Bedok in 1959. Costing M$2
million, the project was a disappointment
as ityielded less than one million gallons
of water a day instead of the expected 5 to
10 million gallons.®!

After Singapore gained independ-
ence in 1965, one of the first post-inde-
pendence water projects carried out by
the PUB was the enlargement of Seletar
Reservoirin April 1967. Upon its comple-
tion in February 1969, the S$27-million
projectincreased the reservoir’s capacity
by more than 30-fold.*

In 1972, PUB embarked on the con-
struction of a new S$55-million reservoir
located upstream of Lower Peirce Reser-
voir. Upper Peirce Reservoirwas completed

in 1975 and officially opened in February
1977 with a water storage capacity seven
times that of Lower Peirce Reservoir.®®

Unprotected Catchments

MacRitchie, Upper Peirce and Lower Pei-
rce reservoirs are located in the Central
Catchment Nature Reserve. As it is not
possible to build new reservoirs within this
gazetted nature reserve, the PUB has had
to look elsewhere for water. In 1972, the
agency released the first Water Master
Plan, which charted the long-term devel-
opment of water resources in Singapore.

One innovative method adopted
by PUB was the creation of a string of
unprotected catchments across the
island. Unlike protected reservoirs,
such catchments are located in urban
areas, yielding water that is of lower
quality and with higher organic matter.
To improve water quality, a number of
measures were taken, such as using
stronger disinfectants, improving
filtration methods, enforcing stricter
anti-pollution controls, implementing
a more efficient waste management
system, and launching the Keep Sin-
gapore Clean campaign.®®

The Kranji and Pandan reservoirs
were the first two estuarine reservoirs
built in unprotected catchment areas in
1975. The S$75-million Kranji-Pandan
water scheme was formed by damming
the Kranji and Pandan rivers. The two
reservoirs served mainly the north-
western part of Singapore, including
Jurong Industrial Estate and housing
estates in the area.®

In 1981, dykes were built across the
mouths of the Murai, Poyan, Sarimbun
and Tengah rivers to transform them
into reservoirs under the Western
Catchment Scheme. These reservoirs
supply water to the western part of the
island, including Queenstown, Bukit
Merah, Telok Blangah, Pasir Panjang
and Alexandra.?’

In 1983, PUB initiated the Sungei
Seletar-Bedok Water project to meet
the increasing demand for fresh waterin
the eastern part of Singapore. Unlike the
earlier two estuarine reservoir schemes,
the main water source for this urbanised
catchment was storm water run-off.
Storm water collected from nine ponds
in Bedok, Tampines and Yan Kit was
channelled to Bedok Reservoir, which
was created from a former sand quarry.

Built across Marina Channel, Marina Barrage created Singapore’s 15th reservoir, the first located in the city. The barrage serves three purposes: it stores water,
alleviates flooding and supports recreational activities. Courtesy of PUB, Singapore’s national water agency.
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Asecond reservoir, Sungei Seletar
Reservoir [renamed Lower Seletar Res-
ervoirin 1992), was formed by damming
Seletar River. The river water was also
used to fill Bedok Reservoir (see text
box overleaf).®

Marina Reservoir, located in the
heart of the city, isanother urban reser-
voir. It officially opened in 2008 and was
created by building a dam - Marina Bar-
rage —across Marina Channel. Envisioned
by Singapore’s first Prime Minister Lee
Kuan Yew in 1987, the barrage is unique
in the sense that it stores water, allevi-
ates flooding and supports recreational
activities. The flood control function is
enabled by a mechanism that serves as
a tidal barrier to prevent rising waters
from advancinginland and flooding low-
lying areas. The barrage also keeps the
reservoir's water level constant, making
it suitable for water activities such as
sailing, windsurfing and canoeing.%

NEWater and Desalinated Water

Another recommendation of the 1972
Water Master Plan was the use of
reclaimed water, in other words, water
that has been purified to a high degree.
This was, however, not an entirely new
concept. Industrial water was firstintro-
duced in 1966 with the construction of
Jurong Industrial Water Works by the
Economic Development Board to supply
non-potable water for industries. The
objective was to help conserve potable
water by reclaiming the effluent from
Ulu Pandan Water Reclamation Plant.“°

In 1974, Singapore’s Sewerage
Department opened an experimental
plant in Jurong that attempted to pro-
duce potable reclaimed water by using
advanced membrane technologies,
including reverse osmosis, to purify
waste water. However, the plant was
decommissioned a year later as the
purification technologies available then
were unreliable and expensive.*

[t would take another 25 years before
technological advances made it possible
for PUB to revisit the idea of producing
potable reclaimed water. The Singapore
Water Reclamation Study (NEWater
Study) conducted in 1998 revealed that
water reclamation was a growing trend
globally and that membrane-based
purification technologies had become
more reliable and cost efficient. This led
to the opening of the prototype NEWater
demonstration plant at Bedok Water
Reclamation Plant in 2000.42

A comprehensive study of NEWa-
ter was carried out between 2000 and
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Waste water is treated at the Ulu Pandan NEWater Plant, which opened in 2007. Reclaimed water is today
one of Singapore’s Four National Taps. Photo by Richard W.J. Koh.
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2002. Although the study concluded
that NEWater was safe for potable use,
itrecommended blending NEWater with
raw reservoir water and then subjecting
the resulting mix to the same water treat-
ment process as raw reservoir water.
This would re-introduce trace miner-
als removed during the production of
NEWater and make the idea of consuming
treated and purified waste water more
palatable to the public.*®

Following the successful conclu-
sion of the NEWater study, PUB’s Bedok
NEWater Plant came into operation in
2002, marking the launch of NEWater
as the Third National Tap.** Since then,
NEWater plants have been built in Kranji
(2003), Seletar (2004 but decommis-
sioned in 2011), Ulu Pandan (2007) and
Changi (2010 and 2017).“° These plants
are expected to meet up to 55 percent of
Singapore’s future water needs by 2060.4

The 1972 Water Master Plan also
recommended tapping seawater as
another source of water supply. However,
minerals and salts have to be removed
from seawater first in a process known
as desalination. Unfortunately, as the
desalination technology available at the
time was energy intensive and costly, the
PUB decided not to adopt this method. As
more energy efficient water purification
methods, particularly reverse osmosis,
became available in the 1990s, PUB began
torelook the idea of desalinating seawater.

In 2005, desalinated water officially
became the Fourth National Tap with the
opening of the first desalination plant in
Tuas. Hyflux's wholly owned subsidiary,
SingSpring Pte Ltd, won a bid to construct
adesalination plant under PUB’s Design,

Build, Own and Operate (DBOO) model.
This plant, which has a daily capacity of up
to 30 million gallons, supplies PUB with
desalinated water over a 20-year period.

In 2013, Hyflux won a second bid to
construct the second desalination plant
under the DBOO model to supply PUB
with desalinated water over a 25-year
period.*” By 2020, Singapore is expected
to commission three more desalination
plants in Tuas, Marina East and Jurong
Island.*® By 2060, Singapore's total water
demand could almost double, with the
non-domestic sector accounting for
about 70 percent. By then, NEWater and
desalination would meet up to 85 percent
of Singapore's future water needs.

Other Water Strategies

Conceptualised in the 1990s as a solu-
tion for Singapore’s used water needs,
Phase 1 of the Deep Tunnel Sewerage
System (DTSS) comprises a 48 km-long
deep sewer tunnel running from Kranji
to Changi, a centralised water reclama-
tion plant at Changi, two deep sea outfall
pipes and 60 km of link sewers.

The heart of DTSS Phase 1, the
Changi Water Reclamation Plant, is
capable of treating 900,000 cubic metres
(202 million gallons) of used water per
day. The used water is treated to meet
international standards before itis chan-
nelled to a NEWater factory for further
purification or discharged into sea. At a
NEWater plant, the treated used water
goes through arigorous 3-step treatment
process to produce high-grade reclaimed
water.*’ Projected to complete by 2025,
DTSS Phase 2 can collect used water
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ACTIVE, BEAUTIFUL, CLEAN WATERS

Other than being one of the first urban
water catchments, Bedok Reservoir
was also one of three demonstration
projects under the Active, Beauti-
ful, Clean Waters (ABC Waters) Pro-

gramme. Launched in 2006 the pro-
gramme aimed to turn waterways and
reservoirs into recreational sites for public
use by enhancing them with amenities.’
Prior to this, the public held the view
that reservoirs were out of bounds and
strictly used for the collection of water.

Kayakers at Bedok Reservoir, 2011. This was one of three demonstration projects under the Active,
Beautiful, Clean Waters (ABC Waters) Programme launched in 2006. Reservoirs were beautified with
pathways, trees and street lights, and some were even opened for recreational purposes. Photo by
Richard W. J. Koh.
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As Prime Minister Lee Hsien Loong
quipped, “Our old attitude was, the water
is for the reservoir, don't go near it, keep
far away, keep it clean, no canoeing,
don'twalk nearit, if possible, don’t even
look at it".?

However, the ABC Waters Pro-
gramme became a game changer.
Selected reservoirs and waterways in
Singapore received extensive makeo-
vers. Street lamps were installed, trees
were planted and proper pedestrian
access was provided. In some cases,
even fishing decks and pontoons for
boats and kayaks were added.®
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from the western and southern parts of
Singapore for treatment at the proposed
Tuas Water Reclamation Plant.
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Conceptualised in the 1990s as a solution for Singapore’s waste water needs, the Deep Tunnel Sewerage
System uses a network of deep tunnels to convey waste water by gravity to NEWater reclamation plants in
Kranji, Changi and Tuas. Courtesy of PUB, Singapore’s national water agency.
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