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Water supply in Hong Kong

Early history of water supply in Hong Kong
1851: sinking of 5 wells 1n the “City of Victoria”
1860: tanks constructed at Bonham Road
1863: Pok Fu Lam Reservoir (first one)
1889: Ta1 Tam Reservoir = g
1910: Kowloon Reservoir S,
1917: Tai Tam Tuk Reservoir s ac
1937: Shing Mun Reservoir I
Video: TVB HK Historical Site’s feature story on
@_,_@ water supplies history (7 June 2020) ﬁiﬁggﬁ (HE
Lo hElR) KIS SRS (2020426 H7H )
(3:30) https://youtu.be/yQVyRG6P09s

o F.




Water supply in Hong Kong

Milestones of Hong Kong Water Supply

https://www.wsd.gov.hk/en/about-us/our-milestone/
Water wells & water streams t
Building of reservoirs (for storing ramwater)’ N

A < - Droughts & hygiene conditions
7&3-
ue 24 - Water rationing S
Import water from Mainland China (Dong;j ang)
Desalination technology
Reclaimed water & seawater for flushing

(See also: 150 Years of Water Supply in Hong Kong F &AL /K—F A +4F
https://web.archive.org/web/20060516074137/http://www.info.gov.hk/water150/index.htm)




History of water supply in Hong Kong (1946-2007)

1958
1959
196
1961
1962
1963

b

Completion of
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1333888838883
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1957 o d. = ) ;
Use of seawater T ——
for toilet flushing in 1960 1063
Shek Kip Mei and Lei Water Supply Agreement
Cheng Uk Estate with Guangdong
Supply from

1959
Completion of
Tai Lam Chung Reservoir
20.5 mcm capacity

Shenzhen Reservoir

Shek Pik Reservoir
24.5 mcm capacity

196
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

| S—

1968

Completion of Plover Cove
Scheme and

Extension in 1973

230 mcm capacity

June 1963 - May 1964
Severe Water Rationing

4 hours of supply every 4 days

(Source: Water Supplies Department www.wsd.gov.hk)

1965

Completion of Lower Shing Mun Reservoir
4.3 mcm capacity

1965

Water Supply Agreement with Guangdong
68.2 mcm/year of Dongjiang water supply
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2003
Commissioning of 83km dedicated
aqueduct for delivery of Dongjiang water
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History of water supply in Hong Kong (1946-2007) (cont’d)
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1981-1982
Last water rationing
in Hong Kong
—
n © - o v © m @ -
SRR EEREREEEREERE

(Source: Water Supplies Department www.wsd.gov.hk)
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Water consumption in Hong Kong in 2018 (1.292 billion m?)

(Source: Water Supplies Department www.wsd.gov.hk)




Fresh water consumption and supply in Hong Kong

BEIL K
Millson cebic mefroe Dongjiang water from Guangdong
1200 ¢ . .
is the main supply source
1000 | 233
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200
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1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
. Year
e 7K —— EREHKE 0000 - KRR K &
Fresh water consumption Supply from Guangdong Province Yield in reservoirs

(Source: Hong Kong Monthly Digest of Statistics, Feature Article: An Overview of Water Supplies in Hong Kong, April
2015. https://www.statistics.gov.hk/pub/B71504FB2015XXXXB0100.pdf)
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Dongshen Water Supply System -
Closed Aqueduct (Longitudinal Section)
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Taiyuan Pumping Station
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Linhu Pumping Station Jinhu Pumping Station Shawan

Water Tunnel
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Qiling Pumping Station gtq?ggl—lﬂ
Treuﬂsr'lent Works
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Hong Kong
Closed Tunnel Tunnel Canal Tunnel Tunnel %ﬁiﬁ
Aqueduct

Canal Open Canal Tunnel Trestle Open
Aqueduct Culvert Aqueduct Hydrop ower
Box Box Box Station

Culvent & Culvert Culvert
Culvert
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(Source: Water Supplies Department www.wsd.gov.hk)



GUANGDONG PROVINCE

2 ’Reservoirs & water

Water Gathering Grounds .
_ _ gathering grounds
B Impounding Reservoir

(Source: Water Supplies Department www.wsd.gov.hk) 1n HOIlg KOIlg




& TYPICAL FRESH WATER SUPPLY SYSTEM [SCHEMATIC)
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(Source: Water Supplies Department www.wsd.gov.hk)




GUANGDONG PROVINCE

Average NEW TERRITORIES
seawater
supplied in
each day in
HK (2019/20)
=848 000 m’
KOWLOON

LANTAU ISLAND HONG KONG ISLAND

LAMMA ISLAND

(Source: Water Supplies Department www.wsd.gov.hk)

Existing seawater
flushing situation &
proposed extensions

Existing seawater
supply zone

j Proposed seawater
supply zone




L TYPICAL SEL WATER SUPPLY SYSTEM [SCHEMATIC) BREVHS-{H-f 6% (BIER
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(Source: Water Supplies Department www.wsd.gov.hk)



Typical water treatment process in Hong Kong

(clarification >> filtration >> disinfection)
mERE  AE BT 5 )

Polyelectrolyte ~ Alum Hydrated Lime  Chlorine Fluoride ﬂ'gg:g*
IR

Typical Water
Treatment
Process

AL

Flocculation
Tank

s Bk S
c?’%ﬁ Treated Water
eaTranka €7 Pumping Station

788 Clarifier

Lz Tl

JFR7K
Raw

Water

RIEMFEE
Rapid Mix Chamber R

% @ % K Supernatant Sludge

Bk
Service
Reservoir

L

etk B
Washwater
Recovery Tank

Sludge
Thickening
Tank

RS RE
Sludge Cake
B Disposal ERREG

'
Filter Press To Distribution
System

(Source: https://www.wsd.gov.hk/filemanager/en/share/pdf/water treat.pdf)




Cold water systems r@

Water supply systems 1n buildings

Direct supply system: conveys water directly from
water mains to the point of usage without any
transit water storage tanks

Indirect supply system: conveys water from water
mains to the point of usage through a transit water
storage tank (usually a sump water tank and a roof
water tank)

Potable/fresh water, flushing/salt water and
water for fire services (e.g. FH/HR, sprinkler)




Government

main

(underground
or under road,
maintained by

WSD)

(Source: Water Supplies Department www

GOVERNMENT MAIN

Direct supply system (without storage tank)

Government land  Building lot ] 1N
<— —>
D L
T
P4 \
Dt 1.
Water Draw off
| meter point
o’ Individual
(W) consumer’s
| (M) pipework &
v communal
Control \ plumbing
Vfi:"e %5\ Stopcock (maintained by
| Gate valve individual
Connection to (Boundary valve) consumers &
Inside service property manager)

the main

.wsd.gov.hk)




Direct supply system (with storage tank)
1T —
oF. | e

Storage tank—| -

Water meter {M_
—@ %

LOT BOUNDARY

Check valve

GOVERNMENT MAIN
X
4

Gate 'Check meter (check leakage & consumption)
valve

(Source: Water Supplies Department www.wsd.gov.hk)




Indirect supply system (with sump and pump)

(For a high-rise building,
may require booster pumps
& pneumatic vessel to ensure
pressure for topmost floors)

Water

LOT BOUNDARY

GOVERNMENT MAIN

FLOAT SWITCH
— P | Q.F

FLOAT SWITCH

0.F

— (Roof water
' tank)

\Stnrage tank: '
<

meter: X

—=-
W<

—pd—I Draw off
pé—I~  point
—L

CHECK METER POSITION

PUMPS

(Sump water

storage tank

(Sump water tank or break tank)
(Source: Water Supplies Department www.wsd.gov.hk)

Transit water ':L b

pumps or up-
feed pumps)




Indirect supply system (with pneumatic vessel)

(* Pressure vessel 1s used Water meter % X

to adjust the supply e
pressure, 1f it 1S not y)

practicable to control the
pumps by level switches.)

—><4¢— Draw
pA—I  off
d+— point

LOT BOUNDARY
Pneumatic

= CHECK WETER POSITION /Q\
= vessel -
= s
= FLOAT SWITCH =
Ll
= ro— :._L
i ™0 | for '
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Transit water - ==} Y

storage tank }

(Source: Water Supplies Department www.wsd. gov.hE)




Comparison of direct and indirect water supply systems

Direct supply

Indirect supply

- Less pipework, smaller or
no water tank

- More pipework, large water
storage tank

- No storage to satisty peak
demand period

- Water storage to meet peak
demand

- Risk of contamination and
pressure fluctuation of mains

- Less risk of adverse etffects
by water mains

- Not feasible for high-rise
buildings due to main
pressure

- Can be used 1n high-rise
buildings




Cold water systems

Water tanks

Materials: reinforced concrete, fibre glass, etc.
Reinforced concrete 1s the most common material used

Fibreglass storage cistern for potable water shall be of
an approved type or certified, with no toxic materials
and suitable for storage of potable water

Storage capacities:
Assessment of water consumption & demand
Proportion:- Sump tank : Roof tank =1 : 3
Recommend to meet one-day (24 hours) demand
Domestic supply — follows WSD recommendations




Recommended storage capacities in water supply systems

Domestic water supply with Flushing | Temporary mains
sump and pump supply using | fresh water for
salt water* | flushing (TMF)

Up to 10 flats > 10 flats
135 litres/flat 90 litres Minimum 45 litres per
(total storage for each 1/2 day flushing apparatus,
including sump additional | consumption minimum 250
tank) flat litres

* For industrial use, recommended storage capacity 1s one-day demand.

Design criteria for flushing water 1. Residential:
storage: (Litres per flushing apparatus) | - Water closet 30
[minimum capacity = 250 litres] 2. Commercial
- Urinal 30
- Water closet 40

(Source: WSD, 2020. Technical Requirements for Plumbing Works in Buildings (November 2020 version), Water Supplies Department (WSD),
Hong Kong. https://www.wsd.gov.hk/en/plumbing-engineering/requirements-for-plumbing-installation/technical-requirements-for-plumging-
works-in-bldgs/)




Water tank basic requirements (for a gravity supply)

Gate vent Gap >= 25

valve Cover r /
I 1 'l
X / 1 overflow pipe

supply t . l L —

pipe

—

warning pipe
min. diam. 25 mm

| Outlet pipe
: A =30 (<5,000 litres)
Drain \ . :
off pipel | Gate valves /:old A =100 (>=5,000 litres)

feed pipe

et | T

(Source: Garrett, R. H., 2008. Hot and Cold Water Supply)




Cold water systems

Water pumps
Provide a duplicate set (duty + standby)
Pumping capacity >= designed out-flow of tank

Minimise vibration and noise problems
Adequate pipework support & anchor
Solid foundation

Common pump types
Horizontal end suction centrifugal

Vertical multistage centrifugal




Vertical multistage centrifugal pumps

P




Hot water systems

Design of a hot water system:

it

Determine the demand of hot water - quantity and

temperature

Selecting the type, capacity and heating surface of

the calorifier - or heat exchanger
Selecting the water heater or boiler

Design pipe scheme and size pipes

Domestic hot water (DHW)
Supply to taps & appliances

ALWAY S
IN HOT
WATER AT




Overflow from

Lavatory
Cistern

An example of cold and hot water supply system

Water
Stopcock Heater
Stopcock
Qutside

House

Stopcock
A

Stopcock

Hot Water Supply =——

High Pressure Gold Water from Riging Waler Main = == = ==




Hot water systems ’

Key factors to consider:
Quantity of hot water required
Temperature in storage & at outlets (55-65 °C)
Cost of 1nstallation & maintenance
Fuel energy requirements & running costs
Conservation of water & energy

Safety (explosion hazard, thermal burns, bacteria)

Hot water supply may be combined with
central heating systems (to radiators)




Hot water systems

System types:
Central & local
Gas-fired & electric
Single point & multi-point
Vented & unvented
Direct & indirect

Types of water heaters:
Instantaneous type (tankless) . ]

Storage type
High pressure (larger storage) I' ‘




Hot water systems

Storage type Water-jacketed Instantaneous type
ge typ tube type P
|
I I
: Combination : Combination boiler
primary storage unit
I | I |
Vented Unvented Gas-fired Electric
I | I |
I
I I I I I
Boiler system Gas-fired Electric water Multi-point Slngle
heater heater point
I |
Electric immersion heater in
storage vessel
[
I I I |
Gas-fired Oilfired | | Solig-fired | | Electric inlet Outlet
control control
| ] ] ]
I I
Indirect system Direct system
| The system chosen depends
[ | on circumstances and the
: : needs of the user, and may
Sealed primary Vented primary require the use of one method
| [ | or a combination of two or
. more.
Single fzed (veTted Double feed
secondary only) (Source: Garrett, R. H., 2008. Hot and Cold Water Supply)




Hot water systems

it

Consider instantaneous water heaters
Adequate gas or electricity supplies

Where constant flow temp. 1s important, the heater
should be fitted with a water governor at its inflow

Close control of temperature for showers

Variations 1n pressure can cause flow and
temperature problems

Multi-point heaters for showers should be avoided
Room-sealed types are preferred for gas-fired
Electric heaters must comply safety regulations




How Does a Tankless Water Heater Work?

The Process:

1. A hot water tap is turned on.

2. Water enters the heater.

3. The water flow sensor detects the
water flow.

4. The computer automatically ignites
the burner.

5. Water circulates through the
heat exchanger.

6. The heat exchanger heats the
water to the designated temperature.

7. When the tap is turned off, the
unit shuts down.

| Flow |
|Sensor

Gas

Hot Water Out Cold Wéter In

(Source: www.affinityenergy.com)




S1zing hot water systems for households

Electric storage hot water services

Off-peak electricity rate Peak electricity rate
(storage type heater)™ (continuous type heater)™*
Vpersons | Copacity | MRS | Capacity
served (litres) cerved (litres)
1 -3 160 2 40
2—-4 250 3 63
3-6 315 4 80
5-8 400 5 125

* Water 1s heated overnight to provide adequate hot water for daily usage.
** Can be very expensive to run so should only be used when other options are
not possible. For example, where space 1s limited.

(Source: www.energysmart.com.au)




S1zing hot water systems for households (cont’d)

(Gas water heaters

Storage Instantaneous (continuous flow)
Max. no. of | Capacity Max. no. of Flow rate

persons (litres) | outlets served at |  (litres per
served one time minute)

1 -3 90 1 16

2—4 130 2 20

3-5 170 3+ 24

4 -6 200

5-9 260

(Source: www.energysmart.com.au)




S1zing hot water systems for households (cont’d)

Solar hot water

No. of persons Capacity (litres) | Collector (m?)
served
1 -2 160 — 200 2
3-4 300370 4
5-6 440 6

(Source: www.energysmart.com.au)




Water heaters
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Common types of water heaters
Gas-fired water heaters
Electric water heaters
Water-jacketed tube heaters

Solar water heating

Heat pump water heaters




Water heaters

Gas-fired water heaters

Three types:
Instantaneous
Storage
Circulatory

With conventional or balanced flue
Pilot flame lights the burner

The heater may be supplied direct from the main
or a cold water storage tank




draught
diverter

Gas-fired instantaneous water heater

AN

PANNAN

finned Sad S
tubes TV Y
~— ‘
heat .
exchanger
pipe S
coil
“ l |
I- gas controls
l r gas supply
hot water cold water
outlet J inlet

With conventional flue
(Source: Garrett, R. H., 2008. Hot and Cold Water Supply)

fresh air
inlet

\._

exhaust
gas ‘\\_ .
outlet T
fresh air e & F i water
: 4 |k heating
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A g,
A VA controls
With balanced flue




FREREZEZEIRAZT —BE

KNOW MORE ABOUT GAS SAFETY

FiERmEaiEER
KIEDI BB Z T A R

Prohibition of Flugless Gas Water Heaters
Used to Serve a Bathroom or Shower

LR REEX me K
&HE

Substandard Flueless Gas Water
Heater Installations
REEA SRR AR R R
N BAEMKETESARNMSREZ2H - [
R BR(EEEEN R NEERERS
ERKRNREA NERERTE TAEREZER
MK -
Flueless gas water heaters serving bathrooms or
showers are considered dangerous because they
consume the air inside the room and the products of
directly into the room where the mmﬁﬂihﬂtﬂd.
and may build up to dangerous
levels if ventilation is :
inadequate.

(See also: https://www.emsd.gov.hk/gsp/en/a04.html)

2. BitERBEE A koL
AEEMERE
Prohibit Use of Flueless Gas Water
Heaters Supplying Bathroom or
Shower
ARLETERERRTE RN KRR RRM
IERR 1999 11 B ANl S A0 GHEET » RILE
AR RROR L AR AR - B
ETHE 52000984 M1 B IESUWSE © 1E9) « SFARMIARBELE
R A PR 2 S 4 ) SR A 2 oKl » B LI H
SRR RRRRE RNk -
In order to eliminate dangers from improper use of
flueless gas water heaters, LEGCO passed an
Amendment of the Gas Safety Reguiations in November
1999, which prohibits the use of a flueless gas water
heater to serve a bathroom or shower. The Amendment
will come into effect on 1 April 2000. In addition,
the new law also prohibits anyone from supplying or
installing a new flueless gas water heater or replacing
an existing flusless gas water heater by another flueless
model.

3. AR EABZATAR
Details of Amendment to Gas
Safety Regulations
BIZEABT8 MG BF— <BAMTZ(REEER)
1> AT I 5 2000087 1 BEA IR A THISE
S KR sUAE A MR -




Gas hot water heaters components

Hot Water (out) \' _., Flue

Gas Shutoff Valve

Cold Water (in)

Gas Supply Line Cold Water

Shutoff Valve

Temperature /
Pressure Relief
Valve

Water Line
Crwverflow Pipe

e

Tank Insulation

Dip Tube

/ Drain Valve

Sas Burner

Gas Burner Control

(Source: http://homerepair.about.com)




Water heaters

Electric water heaters

Common types:
Instantaneous

Cistern type (with storage)
Usually power consumptions of up to 6 kW
May be fitted above basins, baths or sinks
Hot water pipes must be as short as possible
Immersion heater must be electrically earthed

Cable of appropriate size (may need 3 phase
supply)




Instantaneous electric water heater (non-pressure type)

Anti-drip device O e T ,
: &7 i Insulation

Immersion heater
and thermostat

Hot water outlet
pipe

Baffle

Swivel pipe

Cold water inlet

direct from main
or cistern

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Typical uses for instantaneous electric water heaters

instantaneous electric
water heater over sink

Sink 1nstallation

alternative position
below sink - special
tap required

instantaneous electric
shower heater

hot
distributing

Shower installation ¢
pipe

shower head

bath

supply pipe
(Source: Garrett, R. H., 2008. Hot and Cold Water Supply)




Cistern type water heater
Overflow pipe Vent pipe

T a—

Cold water feed
cistern =9

Cold water inlet
direct from main

or cistern
Cold feed pipe

Hot water outlet

pipe
Immersion
heater and
thermostat Insulation

(Source: Hall, F. and Greeno, R., 2008. Building Services Handbook)




Cold-water inlet pipe

Cold-water supply valve

Hot-water outlet pipe

Relief valve
Electric power cable
Outer jacket

-

Drain valve

Upper heating element

Lower thermostal

"‘—-_._‘_‘—‘-‘-k

Upper thermostat E A

il

L

Anode rod

Overflow pipe
Dip tube

Access panel

(Source: http://magicwaterheaters.com)

Components
of a large
electric water
heater




Water heaters

Water-jacketed tube heaters

Usually as a form of instantaneous heater
Heat exchanger 1n a reservoir of primary hot water

Cold water feeds may be from the mains or from a
water tank

Primary circuit may be vented or sealed system
Heat exchanger warms secondary supply water




Water-jacketed tube heater

heat reservoir
(part of primary circuit)

primary flow
from boiler

hot water out
to taps —— heat exchanger
’,:_\ l
a3 T
. X
cold water in primary return
from supply pipe to boiler

check valve and expansion vessel
may be fitted

(Source: Garrett, R. H., 2008. Hot and Cold Water Supply)




Solar hot water systems

i

miorage

Collector plate
Tank

o Hicks

i

Heat %

i

Tank with internal
heat exchanger

Hot
Glycol thermosiphons
from collector into
tank.

Simple domestic system
(with integral storage tank)

Vacuum glass pipe trpe




Heat pipe evacuated-tube solar collector

Sunlight absorbed as heat
by the dark inner surface
w of the Evacuated-Tube

|I'.-. lllll




Evacuated-tube solar hot water system
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Water heaters

Heat pump water heaters (HPWH)

An effective tool to produce hot water

Extract energy from ground, water, or ambient air

Typical applications:
To preheat conventional hot water systems

To augment existing systems

To supply full hot water —

@

Reverse of the normal refrigeration cycle




Working principle of heat pump water heater

Ambieﬂf'réi‘} ‘

A

5

(Source: https://www.atlantic-comfort.com/How-to-choose/Choosing-your-water-heater/ Water-heating-technologies/Heat-pump-water-heaters-
working-principle)




Heat pump water heaters

Refrigerant Lines

)

Compressor
Fan
Compressor
Domestic Hot Evaporator
Hot water outlet Water &
E'i"-ﬂpﬂl'ﬂtﬂl' \ Accumulator Valwes
Temperature/ Temp &
pressure relief Pressure | _
valve Relisf Electric Booster
U th tat : Vihee Heating Hements
per thermaos ——— |
- { Anode | w— Cacrificial
Annode
| it
elemeants Tark Msulaticn “§ Condenser Wraps Around
: Condenser I { t g Tank To Transfer Heat
Lower thermostat —f] g - I
Cold water inlet 4Jﬂl Insulation
o) -
. ¥ 9 ‘u -
foish I:EIJ_ l\\"'--___--"/ : .
: j

Dirain Valve
Cold Water
Supply j
""!-El [i
Video: How a Heat Pump Water Heater Works (2:01) |
https://youtu.be/EMdZr-TAga0 .’

(Image sources: https://www.energy.gov/energysaver/water-heating/heat-pump-water-heaters;
https://cdn2.hubspot.net/hubfs/91341/waterHeaterModals/waterHeater002a.html)
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