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The idea of using a shield for protection is hardly new. Shields have been unearthed
dating to the Bronze Age. Indeed, many ancient military formations comprise shield
walls—fortifications made up of lines of shields.

The linkage between shields and our three drainage tunnels is more direct than it may
appear. The tunnels were constructed with tunnelling shields—a protective structure
first developed for the Thames Tunnel in London in 1825 that temporarily supported
the tunnel during its excavation. Equally prominently, Hong Kong’s drainage tunnels
stand guard silently as shields allowing the dynamic business of Hong Kong to continue
without disruptions from the threat of heavy rainstorms. As torrents are controlled to
bypass urban areas for direct discharge into the harbour, the ‘Silent Shields’ that
Drainage Services Department (DSD) has built for the public smoothly function and
prove their life-saving worth.

One of DSD’s endeavours is to provide a robust drainage infrastructure to keep Hong Kong
safe. It takes thoughtful planning and a resourceful team to tackle the wide-ranging flood
risks Hong Kong faces. DSD’s extraordinary efforts find parallels in the biblical account of
Noah, who built a great ark and confronted the awesome threat of a deluge. With meticulous
planning and toil, Noah and his animals survived the greatest of all storms—DSD personnel
exemplify this steadfast and enterprising spirit.

With Hong Kong’s continuing development, there is more to do to keep the city safe and
sound. I firmly believe that our vision and commitment will enable us to deliver on our
promises. With greater confidence than ever, we assure the people of Hong Kong a safer and
better living environment for years to come.

Permanent Secretary for Development (Works)
IR WAI CHI-SING
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A coastal city frequently lashed by severe storms, Hong Kong has
from time to time been affected by flooding, causing financial
loss and, in extreme cases, casualties. In 1989, the Hong Kong
Government established the Drainage Services Department (DSD),
charged with the dual roles of protecting the city from the ravages
of rainstorms and providing sewerage services to safeguard public
health. In these pages we focus on DSD’s flood prevention efforts.

Since its establishment, DSD has invested over HK$24 billion
to develop Hong Kong’s drainage infrastructure. Our vision is
straightforward yet ambitious—to provide world-class wastewater and
stormwater drainage services, enabling the sustainable development
of Hong Kong.

Achieving this vital goal is not without its challenges, not least
working in one of the most densely populated cities on earth. In
taking on this meaningful task, DSD ensures that disruptions to
the community and impact on the environment are minimised
and mitigated.
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In this book, we look at the three drainage tunnels in western
Hong Kong Island, Lai Chi Kok and Tsuen Wan that protect a major
portion of Hong Kong’s urban areas. The tunnels, both individually
and collectively, constitute a major component of our drainage
infrastructure, as well as an essential part of DSD’s endeavour
towards fulfilling our vision.

This book is dedicated to the general public of Hong Kong, whose
understanding and support of the three drainage tunnel projects
have been indispensable to their completion. We sincerely hope you
enjoy reading this special publication.

Director of Drainage Services
IRCHAN CHI-CHIU
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Ground investigation begun for tunnels
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Detailed design and physical
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HKWDT and TWDT alignments finalised
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LCKDT contract signed and works commenced
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HKWDT and TWDT contracts signed and works commenced
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INNOVATION
IN ACTION

The challenge of substantially upgrading the
drainage infrastructure in a metropolitan
urban area like Hong Kong cannot be
overstated. In the traditional approach,
whereby additional drainage conduits are
laid underground or existing ones enlarged,

works require extensive opening of busy

roads in densely-populated and commercial
districts. Trenchless techniques will
reduce the extent of open excavation, but
their application can be greatly hindered

by the lack of underground space owing

to congested utilities. Such a traditional
approach to drainage improvement typically
requires long construction periods and causes
traffic disruptions as well as inconvenience
to the public and commercial activities.

Mindful of these constraints and potential
impact, DSD explored novel ideas to
formulate alternative approaches that would
allow adequate flood protection with much-
reduced impact. The quest yielded two

MIDSTREAM
3

innovative schemes: stormwater interception

and flood storage.

The stormwater interception scheme is
devised to protect coastal urban areas
juxtaposed by a hilly hinterland, by way of a
drainage tunnel routed midhill. Stormwater
runoff from upland areas is intercepted
via intakes located on the main drainage
paths and funnelled into the tunnel for
direct discharge. This alternative drainage
path significantly reduces the amount of
stormwater runoff flowing to urban areas
downstream, effectively alleviating flood
risks. Drainage tunnels are designed to cope
with extreme rainfalls of a 1-in-200-years
return period.
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The flood storage scheme applies to urban
areas with a flat or low-lying terrain. It
entails the installation of an underground
tank to temporarily store excessive flows
to avoid overloading the existing drainage
system. The stored flow is subsequently
discharged in a controlled manner after the
peak flows have subsided.

The two innovative schemes directly
confront torrential flows upstream and
midstream. The downstream urban areas,
without any major works, can thereby
withstand heavy rainstorms of up to 1-in-50-
years severity. Notably, in raising the general
flood protection standard of an extensive
urban region, construction works are

Innovative

Flood

Control

Strategy
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concentrated in the urban fringe or localised
areas, greatly reducing disturbance to the
public, traffic and commercial activities.

Straightforward as their working principles
may seem, drainage tunnels demand
conscientious planning in order to be
optimised. The tunnel route needs to
be carefully chosen, not only based on
geological and engineering considerations,
but also to avoid encroachment into private
lots and minimise sterilising future land
use. The latter is favoured by a more uphill
rural tunnel alignment. On the other
hand, intakes have to be positioned for
effective interception, implying preference
for more downhill locations. The various

considerations should be suitably balanced
and, at the same time, retain overall
compactness and cost-effectiveness as the
tunnel and intakes are components of the
same system.

The three drainage tunnels constructed in
western Hong Kong Island, Lai Chi Kok, and
Tsuen Wan embody an important step in
protecting the city from flooding. Works
began in November 2007, and all three
projects were completed within a one-year
time span between August 2012 and March
2013. Since their commissioning, no flooding
has recurred in these urban areas. [

SILENT SHIELDS 06 INNOVATION IN ACTION
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All the drainage tunnels detailed in this

book were constructed using tunnel boring
machines (TBMs). These sophisticated
machines are incredibly well-equipped
to perform multiple tasks in tunnel
construction. Apart from drilling through
ground, they also remove excavated
materials and construct tunnel walls using
precast concrete segments. These activities
are conducted in cycles as the machinery
advances intermittently, steadily completing
the entire tunnel.

Owing to its length, Hong Kong West
Drainage Tunnel concurrently enlisted two
TBMs, affectionately named Oshin and Nuwa.
With an 8.3-metre diameter cutterhead, Oshin
was then the largest hard-rock TBM ever
employed in Hong Kong. It completed 6.5km
of tunnel starting from the downstream
portal at Cyberport in 22 months, crossing
the major Sandy Bay fault in its course, while
Nuwa covered the other 4km in a period
of 20 months from the upstream portal at
Tai Hang.



It has been a long-standing practice for a TBM to be
named after a famous woman. Dae Jang Geum and
Oshin are historical figures from Korea and Japan
respectively, both well-known for their perseverance
and intelligence. Nuwa is a fabled goddess from
China who saved the world from inundation. These
remarkable females all possess the qualities called
for in the mission to deliver a drainage tunnel.

Tunnel Boring Drainage Length (m) Diameter (m) Type Geology

Machine Tunnel

Nuwa HKWDT 170 7.2 Shielded Hard rock
Eastern section

Oshin HKWDT 180 8.3 Shielded Hard rock

Western section

Dace Jang Geum

LCKDT 125 5.7 Slurry Hard rock,
Shielded soil rock mixed,
soft ground

Running Free Dragon

TWDT 140 7.3 Shielded Hard rock

A TBM is typically equipped with a refuge chamber able to
withstand fire in the tunnel for some 12 hours. The chamber supplies
breathable air, water and food for the crew as they wait for rescue.

Vg 7 O 4% M — i T A BB R 52 BE O 9 K OE 12 /)N IR A B > R 2
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Lai Chi Kok Drainage Tunnel developed a sophisticated hybrid TBM,
Dae Jang Geum, able to cope with wide-ranging geological conditions
from hard rock to mixed ground and soil. Its design utilised a
pressurised slurry to stabilise the excavation face. Dae Jang Geum
alone completed both the branch tunnel in 11 months and the main
tunnel in another seven months.

Tsuen Wan Drainage Tunnel’s TBM, Running Free Dragon, is also
a hard-rock TBM. After 23 months of boring through numerous
geological faults underneath Tai Mo Shan, it successfully completed
its tunnelling works.

SILENT SHIELDS 07 SPEARHEADING THE EFFORT
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A TBM complete with back-up units is 170m long,
approximately the length of

an eight-carriage Tsuen Wan Line train.
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Decompression sickness, also known as divers’ disease or the bends, is a potentially serious
condition caused by the formation of inert gas bubbles in the bloodstream and body tissues
resulting from reduced ambient pressure. Working in compressed air requires meticulously-
controlled compression of the personnel beforehand and decompression afterwards.

Proper decompression timing and procedures serve to prevent decompression sickness.
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Throughout the planning and delivery of the drainage tunnels, the project teams never lost sight of the great
importance of connecting with the community. A multitude of communications initiatives was launched to explain
the projects and their objectives, maintain close liaison with stakeholders, and effectively address any concerns.

Stakeholder engagement plans were drawn up in the early stages of the projects. Briefing sessions and discussion
forums were scheduled in tandem with the works programme for advance consultation with stakeholders. These
communications were reinforced by the publication of project newsletters and a 24-hour telephone hotline service.
DSD also attended District Council meetings from time to time to keep the Councils abreast of the latest project
developments.

The scale of the drainage projects entailed operations which, if not carefully controlled, could have caused
potentially serious impact. Examples include tunnel boring and blasting. The project teams realised that, in addition
to conducting impact assessment and control as well as briefings about the measures undertaken, the single most
effective way to engage concerned stakeholders was through first-hand experience. Accordingly, site visits were
arranged when appropriate for stakeholders to witness prominent construction operations such as the first blast for
the excavation of an intake shaft.

Effective communication is founded on understanding, and education holds the key to building lasting
understanding. DSD placed strong emphasis on outreach activities to schools, introducing to students both
project specifics as well as general flood protection and sewerage services in Hong Kong. These activities were
sometimes enriched by special events like design competitions for site hoardings to further heighten the participants’
interest. All the outreach programmes were enthusiastically received by students and teachers alike as a valuable
chapter of their civic education.
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DSD planted a total of

1,670 trees,

r 50,070 shrubs and
1,120 climbers
across the sites of
the three drainage
tunnels.
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SUSTAINABLE
MISSIONS




Sustainability has been a key guiding principle throughout the
delivery of the three drainage tunnel schemes.

Minimising and mitigating environmental impact formed the
basis for design and construction decisions. The use of raised-
boring techniques in Hong Kong West Drainage Tunnel and the
ecologically-conscious intake design of Tsuen Wan Drainage Tunnel
are good illustrations. And in the case of Lai Chi Kok Drainage
Tunnel, the special hybrid tunnel boring machine eliminated the
need for a second machine, saving substantially on materials and
resources that otherwise would have been consumed.

In continuation of its enthusiastic dedication to building a greener
city, DSD planted a total of 1,670 trees, 50,070 shrubs and 1,120
climbers across the sites of the three drainage tunnels.

The drainage tunnels fulfil their flood protection functions without
consuming power. This is especially significant for Lai Chi Kok
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Drainage Tunnel considering its spatial constraints amid existing
railways and foundations, thanks to the special design of the main
tunnel with a purposely-introduced stilling basin.

DSD seized the opportunity to maximise utilisation of the stilling
basin. As its roof provides precious space for a pet garden, the
rainwater collecting into it is harvested for non-potable uses after
simple treatment. Apart from tapping the water for irrigation of
the pet garden, flushing and general cleansing, DSD took initiatives
to supply it to other government parties for off-site uses like street
washing as an ideal alternative to freshwater.

It is hoped that, taken together, these small but constructive steps
will contribute to a greener society and deepen everyone’s dedication
to sustainable development. [ )
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Design and Construction of
Lai CHi Kok Trapsfer Sehams

ZeRmABELRN




s f e 1 '-_::-‘L-:-‘a 3
4% by =
| ] :r"":\ '-'.'-"1
A=y R §
- [} -r.',.:ui
o B
e
J I'f :.
I. J
B
! " L o o = £ b~
LAI CHI KOK DRAINAGE TUNNEL ADOPTED A SPECIALLY:DESIGNED HYBRID TBM TO COMPLETE-TWO SECTIONS OF TUNNELS ©F MARKEDLY - . = AR gt
i C - - . i —_—
DISTINCT GEOLOGY. ELIMI#\IA ING THE NEED FOR A SECOND MACHINE AND s_A\,_ﬂNﬁ:sp;STAN_TbﬁLLY-ON MATERIALS AND RESOURCES - d o
i e
[ -

70 A K B B DA 51 0 SR RODE A B IR R TR d e ﬁﬁ%?ﬁé‘f'élﬁ%wma«;_xiﬁwuéw;ﬁ =T

Pt -

B e "
A =

The use of a single hybrid TBM in constructing LCKDT ! !
saved 650 tonnes of metal and other materials, heavier ="
than the weight of a fully-loaded A380 aircraft. -
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RECOGNITION

“Engineering Wonder of the 21st century”, organised by

The determined efforts to offer better [
services in the three drainage tunnel projects LA

the Hong Kong Institution of Engineers.

e (o mEagtiEdl denyln e reeommn e Selection resulted from voting by the general public.

gained in international and local awards that

extol innovation and excellence. o [21 AL v TR TR H ], 3 LA R R A B
i)
I AR B T B R B A A B0 58 0 5 B
B %2 TH 3= 5 A 07 R RS A B e 25 B B RR R AR I Winner of Project of the Year, “International Tunnelling Awards 20117,
4% 05 o ® N organised by New Civil Engineer and Ground Engineering, U.K.
(2011 4F i B MR % 28 T FR 4% | 48 TR | %, ( New Civil Engineer ) K
{ Ground Engineering ) ¥t

I Finalist for Project of the Year, “International Tunnelling Awards
N 2012 organised by New Civil Engineer and Ground Engineering, U.K.
[2012 4R R PR BB 78 T2 8¢ | FE TR EK ARBIEHE , (New Civil

Engineer ) } { Ground Engineering ) 5 it

I Finalist for International Project of the Year, “Ground Engineering
N Awards 2012”, organised by Ground Engineering, U.K.

[2012 4 B AR 28 | S TREXKABEH ,
{ Ground Engineering ) = 3

I Silver Prize in General Public Service Award,
) “Civil Service Outstanding Service Award” for 2011 and
2013, organised by the Civil Service Bureau, HKSAR

2011 4 Je 2013 4 5p il B2 45 [ B B 6B B 38 | — ik o JL I B a8
AU A B AT B O A B B R R

I Innovation and Creativity Award of the “Hong Kong Awards for
N Industries” for 2012 and 2013, organised by the Hong Kong General
Chamber of Commerce and the Trade and Industry Department, HKSAR

2012 4 J 2013 A 3 HIAEAS [ H¥ L 2E48 | AIEEE, B R TERE
BN T 5 % KA BT AR

I Merit Award of “2012—2013 in the Innovation Award for the Engineering
N Industry”, organised by the Hong Kong Institution of Engineers

[2012—2013 4 TRAZ K| |, 6 T~ M2 3
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INTERNATIONAL Fl” '
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International Project of the Year

L Drainage Services Department, AECOM
and Leighton-lahn Halland

L Chi Mk Draimame Tansal. Hoeq Keag

INTERNATIONAI
TUNNELLING
AWARDS 2012



TUNNELLING PROJECT
OF THE YEAR (BETWEEN
$100M AND $1BN)

Arup / DSD f DNIV

Hong Kong West Drainage Tunnel

SILENT SHIELDS 13 RECOGNITION
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Lai Chi Kok Drainage Tunnel
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FRANKY PONG

Senior Engineer

Senior Engineer

The Hong Kong West Drainage Tunnel was a very

challenging project, that won the International

Tunnelling Awards 2011. It was an excellent experience
to work with such a dedicated team.

1AMYH
‘dnyy

DAMAN LEE

Project Director

The project realises the dream of engineers, with a fine
team working and creating sustained value for society.

LAMIH

‘NSIYWIHSIN
-$319v3v4a

The Lai Chi Kok Drainage Tunnel helped me realise
that when you aspire to greatness, something wonderful
can happen.

SEAMLESS
GOOPERATION

111). 5]
NOLHOIA

DANIEL ALTIER

Project Director

PIERS VERMAN

Project Manager

We are proud to take part in making Hong Kong more

sustainable through the construction of this world-

class stormwater drainage system. This one-of-a-kind

technically demanding project is being realised through
the adoption of a number of technical firsts.

Construction of the bored tunnels with innovative
tunnelling solutions presented huge challenges for the
tunnel team. Pushing the technical boundaries enabled
big outcomes to the benefit of the client, engineer,
contractor and all the individuals involved.



L1AMIH
‘dnyy

»

—_

L
; 1\

-

1011
‘NOLHOH

LAMIH
‘dndy

BOB EVANS

Chief Resident Engineer

MALCOLM PLUMMER

Project Director

JAGKSON WONG

Chief Resident Engineer

It has been a great privilege to help alleviate the risk of
flooding and improve the living environment of Hong
Kong citizens for generations to come.

10191
‘WO

When we started the Lai Chi Kok Drainage Tunnel,
there were many challenges not previously encountered
in Hong Kong. Cooperation between the client, engineer
and contractor enabled practical solutions in a timely
fashion, which made this contract a noteworthy success.

10M1

‘GTVNOGIYI
LION

EDWIN CHING

Chief Resident Engineer

THOMAS KANE

Chief Resident Engineer

Partnership between DSD, AECOM and Leighton

to address conflict as it arose was a key ingredient

in the successful completion of the Lai Chi Kok
Drainage Tunnel.

The Tsuen Wan Drainage Tunnel posed many

challenges; however, with the close cooperation of all

involved, the project was successfully completed for

the betterment of the communities in Tsuen Wan and
Kwai Chung.

I enjoyed every moment working on this challenging

project. Upon its completion, the Hong Kong West

Drainage Tunnel supports the continuous economic
growth of Hong Kong.
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CHRIS HOWLEY KEITH TSANG KM YEUNG
Project Manager Project Director Project Director

We are proud to have contributed to Hong Kong’s

innovative drainage improvement scheme through

our involvement in the Tsuen Wan Drainage Tunnel,

working closely with DSD, the contractor and

community stakeholders for the successful delivery of
this challenging project

It is an unforgettable experience to participate in such a
world-class tunnelling project.

We are deeply proud of being the lead consultant on the

Tsuen Wan Drainage Tunnel, from scheme inception to

design and construction. Its successful completion has

demonstrated the great partnership and proactive working
attitude of the whole project team.
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HIROSHI UETAKE

Deputy Project Director

RAYMOND TAI

Chief Engineer

JOHANNES LEUNG

Senior Hospital Administrator

The successful delivery of this project is a fitting
testament to the seamless cooperation of all parties
involved. Even with the best tunnel experts on board,
we could not achieve this ambitious project without the
support of our client and the community.
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It is hard to put into practice what is already well-
known in theory but the excellent team work witnessed
the hands-on success of this project. Seamless and
efficient coordination mitigated concerns regarding
construction in the vicinity of our hospital.

PAKIN GHEUNG

Engineer

Commissioning the LCKDT is just like working out M.C.
Escher’s masterpiece “Waterfall’—
making the impossible possible.

MATSUKI DOITSU

Deputy to Project Manager

] B R

We are indebted to DSD for helping us in our pursuit of RCHE T B A A BB R 8 B e B 4

the relevant parties to proceed with blasting to expedite
the intake construction, which was critical to the timely
completion of the project.
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ALAN KAM

Deputy General Construction Manager

Excavation of drop shafts within an area as small as

half of a basketball field presented great challenges.

Through active engagement of stakeholders and

adoption of eco-friendly raise boring construction

methods, we managed the successful completion of all
34 intakes.



A WIN-WIN
s IT“ATI 0 N SIMON LI STEPHEN LAI

Chief Section Engineer Project Manager
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We were never short of constructive advice and  We made it! What an achievement to realise this
full support from both the Supervising Officer’s innovative and cost-saving tunnel scheme!
Representative and the Client in dealing with the most
prickly problems involving opinions of the public that

might hinder the progress of our Works.
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HARRY LOUIE AGNES SO @

Senior Engineer Engineer

What a relief to see the commissioning of the Tsuen Wan — {E£ TR > A % & 2 S5 & W — 16 W K BE ik b
Drainage Tunnel. A difficult job well done. ZH— s RS  WOERE R A kR s

Thanks to you all B R KERE R EME [FRTR] - FIJ

p
RAI DEB BAHADUR mRE

Tunnel Foreman ZEEEEHR

We gre working within élusters of buildings. While R AAE R R TR
sorting out various technical challenges, we also need
to have good relations with our neighbours. Good
coordination between production team members and the
community is key to the smooth progress of the work.
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PATRICK KWONG - 3,327 ALEX MAN
Senior Site Agent o 6 [ [ 6 7 2 Engineer

The Lai Chi Kok Drainage Tunnel was a very JROCHHE s A ) [ B T T K BECREE | > ik The Hong Kong West Drainage Tunnel proved to be

a model tunnelling project delivered under difficult

circumstances. I'm proud to be part of this history-
making team.

challenging job. This really was a job to remember.
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Chief Engineer BRI E
ERMAR TAE THE MU T, 5% T 038 E B B 44 fﬁznﬁﬁm“f@ﬁwwdwﬁwﬁewwmwmf B KB A R - IR R
s = . s y n these important infrastructural projects to serve the
K fig B L HEME > HESCHREEAT > K
Am 1k B4 ] B F A A K AE| > JRAR B people of Hong Kong,
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mRE REXWT GABRIEL W00

5 8 1k 3k L HERIH A BB (N ) R Chief Engineer
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