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Need for Enhanced Use of Rock Caverns
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Hong Kong's steep hilly terrain limits the growth of the urban areas. Land is a scarce resource in Hong
Kong. Developing rock caverns is a viable source of land supply. Therefore, the Government is
conducting a study on "Long-term Strategy for Cavern Development" with a view to developing suitable
measures to render it as a sustainable means of expanding land resources.
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Rock caverns refer to large man-made
spaces in rock, which offer many beneficial
applications in terms of land uses.
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Existing Cavern Development in Hong Kong
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Since the 1980s, a number of public facilities in Hong Kong have been built in caverns to meet the needs
of the community, namely the Tai Koo and Sai Wan Ho MTR station concourses, Island West Transfer
Station, Stanley Sewage Treatment Works and Kau Shat Wan Explosives Depot. In 2009, the University of
Hong Kong constructed caverns to re-house the Western Salt Water Service Reservoirs underground to
release land for the Centennial Campus development.
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Western Salt Water Tai Koo MTR Station Stanley Sewage
Service Reservoirs Concourse Treatment Works
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Suitability of Cavern Development in Hong Kong
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W72 Not Suitable (6%)
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The hilly terrain and underlying geology of Hong Kong offer an excellent opportunity for rock cavern
development. In the feasibility study on “Enhanced Use of Underground Space in Hong Kong” completed
in March 2011, the Geotechnical Engineering Office produced a map that classified the suitability of
developing rock caverns throughout the territory based on sets of spatial data. The map shows that about
two-thirds of the land area of Hong Kong is suitable for cavern development.
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Conservatively assuming that 5% of this area could be made available for cavern development, this could
provide some 3,500 ha of developable land in plan area (equivalent to about 180 nos. of Victoria Park). If we
think three-dimensionally in cavern design, a substantially greater usable area could be created in
underground space.
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Reaping the Benefits
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Creating space Removing incompatible land uses
BIF: BRABTAFRE BlF ESREBENEEL
9. HKU Centennial Campus e.g. Island West Transfer Station
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for layout and geometry
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.. Warehousing, logistics, etc.

Protection of environment
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eg. Stanley Sewage Treatment Works (ot wwwoshnhotneugaliry)
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Stable and secure conditions
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e.g. Data centre
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Phase

Phase 182

Phase s
Phasa 3 Phaso 4
AR Future Expansion
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Providing source of rock products
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eg. Concrete Aggregate
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Flexibility for future expansion
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e.g. National Archives, Norway




. =
ENRERERRRE CEDD sxzmmme
Exhibition on Long-term Strategy R
for Cavern Development

N ZE A AT ERR ?

What are the Opportunities Underground?
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Restricted to”NIMBY” Facilities only m

er Station
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Other Possibilitiesm
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Itakeskus Swimming Hal, Finland
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Gjovik Olympic Mountain Hall, Norway
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Examples of Underground Facilities in
Different Countries
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Restaurant, Mexico
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Food Storage, France
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National Archives, Norway
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Data Centre, Sweden
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Roadmap for Rock Cavern Development
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Sai Kung Sewage
Treatment Works
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Study on Long-term Strategy
for Cavern Development
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Prepare a territory-wide cavern master plan
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A LA KR EKEKE Formulate policy guidelines to facilitate
Diamond Hill Fresh Water and g{m = 1@ IE E cavern development
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Develop a systematic relocation programme
for suitable Government facilities
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1st Scheme - Sha Tin Sewage Treatment Works
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Sha Tin Sewage Treatment Works

Y [EREBHTERE]
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Feasibility Study on‘Enhanced Use
of Underground Space in Hong
Kong' completed in March 2011
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Study on Long-term Strategy for Cavern Development - Key Tasks
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Prepare a territory-wide Cavern Master Plan for reserving strategic areas for cavern development.

e ZAMEWEBETE| Systematic Relocation Programme
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ldentify suitable government facilities for relocation to caverns and develop a systematic relocation
programme, thereby gradually releasing the surface land for other beneficial uses.
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Archives Warehouse
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Refuse Transfer Station

Vehicle Depot
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Service Reservoirs
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Formulate policy guidelines so that cavern
options would be considered in the initial
planning stage of government projects and
explore suitable mechanisms to facilitate
private sector participation In cavern
development.
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Policy guidelines
and mechanisms
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Cavern
development

Ea R A BEEEE

=00 3% R RY R 973 0p: )
Suitable facilities for Suitable areas for
cavern development ” cavern development
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Civil Engineering and
Development Department
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Study on Long-term Strategy for Cavern Development - Key Tasks
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Prepare or update

relevant technical

guidelines to enhance cavern development.
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Cavern Design
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Strategic

Environmental
Assessment
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Fire Safety
Design
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Blasting
Vibration
Assessment
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Study on Long-term Strategy for Cavern Development - Key Tasks
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The Study will evaluate the engineering feasibility of housing various facilities in caverns and identify

suitable locations for development of conceptual schemes.
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Data Centre
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Shopping Arcade /
Vehicle Parking
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Sports Hall

Columbarium
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Warehouse /
Logistics Centre




A~

CEDD tARIRHRRE
M Civil Engineering and
Development Department

=V /H?&E§= kkmﬁji?"iij.

Exhibition on Long-term Strategy
for Cavern Development

HMFEHETHNS RZEREIERE

Other Ongoing Cavern Development Projects
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Relocation of ShaTin Relocation of Sham Tseng
Sewage Treatment Works to Caverns Sewage Treatment Works to Caverns
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Drainage Services Department has substantially completed the Drainage Services Department will commence the Feasibility
Feasibility Study and will commence the Investigation and Design for the Study in the second half of 2014. The study will take 2 years to
relocation proposal in the second half of 2014. complete.
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Relocation of Diamond Hill Fresh Water and
Salt Water Service Reservoirs to Caverns
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Relocation of Sai Kung
Sewage Treatment Works to Caverns
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Drainage Services Department will commence the Feasibility Study in the Water Supplies Department will commence the Feasibility Study by end

second half of 2014. The study will take 2 years to complete. 2014. The study will take 2 years to complete.
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How to Construct a Cavern?
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Key Steps of Cavern Construction Works

2 B
////4
¥ =

S BHiEE A \ - QE :3: =BRFP A
| o LER2. BHECIZTEN AR =
BENAEERERSE = e e = iﬂz,\E}JA
( ) Step 2: Mucking out Step 3: Scaling ;_nd

Step 1: Rock excavation . |
(commonly by drill-and-blast geological mapping

or drill-and-break method")
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Repeat Steps 1 to 4 until
completion of cavern
construction works
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Step 4: Provision of temporary
support? if necessary
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Step 5: Provision of water proofing Step 6: Installation of internal structures and
measures and permanent support building services for the cavern facility
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< ° Temporary support is to ensure safe working conditions

during cavern excavation. Permanent support is to ensure

Drill-and-blast method uses explosives for breaking of rock, long-term stability of the cavern structure. Rock bolts and

which is more efficient but may induce more vibration. shotcrete may be used for both temporary and permanent

Drill-and-break method uses machinery for breaking of rock, support. Concrete lining may be provided as permanent
which induces less vibration but may require more time. support for areas of poor ground conditions.
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Technical Challenges and Solutions

IRIEE & Enwronmental Impact

o 7|<EjﬁfE = 15 =Y &L n$1${|7|<17jlj ,Z\;E;E TIRIE =/ e Cavern projects are required to carry out an Environmental Impact Assessment under the
BT+ o A T2 3 HAEEL_ W L{T , =i Err]\vwonkmental Im a%t Asseslsment Or mafnce Given that most construction acr;clvmes are WlthlnI
T = S the rock mass, with the implementation of appropriate mitigation measures, the environmenta

Hﬁﬁljgﬂi i —.[E%Qﬂﬁﬁﬁﬁ ﬁiﬁmg’ﬂ 7 impact can be effectively rrl?lmmlsed oRen ’

o i’@_l_7}<,)|bkl{':'.' Zol S NKN T S EMEAE ¢ Inflow of groundwater into the underground excavation may draw down the groundwater table
FEIRIE o 7/ E3E L\f_‘fiﬂ:u\;ﬁ_ﬁgﬁ;ﬁj: S REogHbE ~ 1T and affect the ecological habitats on the surface. The effect can be minimised by careful site

+ERETRE DR KZRSZIER i’]E)&FE 18 selection to avoid weak zones, implementation of ground improvement works and installation of
i’&/:ﬂwwlﬁlﬂ A5 5 o " a water proofing system.

o ‘jﬁéﬂﬁj’ﬂﬂ_ﬁj{FU HIY) 3 NEE » FHtLEE{REE e As compared to surface development, cavern development can avoid the need for massive
FE g B RIBE A A ARIRIE o BHi E’JE hiIIside. excavation, thus preserving the natural landscape, including vegetation cover and
75 7] 'Tllfi_ Tl S AR A 2R S8 BRI AR A ecological habitats. The excavated rock can also be processed as construction materials, thus

- b - = significantly reduce the production of construction wastes.

o IHIZ ;3K ALK EF] 5‘]"13_/757}@5@@ HE+ » B[ e \Western Salt Water Service Reservoirs and Stanley Sewage Treatment Works are good examples

= AR e aN{a s B A MtaT fY B ARIZIE o to demonstrate how cavern facilities can blend in with the surrounding environment.

HPFF Z & Fire Safety
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® Fire safety is a great challenge in cavern . _
development as smoke and heat can =D EIANPAZEES E%F_E’JLH%T% /_fg{ e M IE—REELEIDEENEER LTI T
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accumulate inside caverns and escape
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routes can be relatively long.
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e Cavern excavation works would generally induce certain
amount of vibration and groundwater inflow. Without proper
control, vibration may affect adjacent building structures and
groundwater inflow may draw down the groundwater table,
causing ground settlement.
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® |t is necessary to consider relevant fire
safety requirements (e.g. means of
escape, means of access for firefighting
and rescue, fire service installations and
equipment and fire resisting
construction) in formulating a
comprehensive fire safety strategy for
carrying out detailed design. An
effective fire safety management plan
should also be developed for
implementation during the life of a
facility.

® |t is essential to provide adequate ventilation
to maintain a safe and comfortable
environment within caverns and meet the
operational needs of a facility.

® Based on individual facilities’ requirements,
shafts may be employed to improve air
circulation.

® Currently, several large MTR stations are
being built in caverns, thus providing
valuable experience for dealing with fire
safety issues.

e Nearby traffic may also be affected during construction
period.

e A properly designed ventilation system can
effectively improve air quality in caverns
and prevent problems such as accumulation
of radon gas.

e |t is necessary to carry out related assessments and formulate

appropriate specifications and mitigation schemes for the
projects. By closely monitoring the construction works, the
potential adverse impact can be kept to a minimum.
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A Successful Rock Cavern Project in Hong Kong -
Relocation of Western Salt Water Service Reservoirs to Caverns
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In 2009, the University of Hong Kong (HKU) relocated two Water Supplies Department salt water service
reservoirs (total 12,000 m* capacity) to rock caverns, thereby releasing the surface land for development
of their Centennial Campus. As compared to the open-cut scheme, the cavern scheme preserved three
historic graded buildings nearby and significantly alleviated the environmental and visual impacts,
including minimising tree felling and ecological impact to the secondary woodland and reducing the
amount of excavated materials by 85%.
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Entrance of Western Salt Water
Service Reservoirs

Centennial Garden
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HKU Centennial Campus BB Ry 17 KL Hr 17 7KL

Access to Water Storage Tank Water Storage Tank
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Proposed cut slope
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Existing Slope Profile Existing Slope Profile H = ‘*’I— Cavern Information
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Cavern halls (2 no.) — About50m (L) x17m (W)x 17 m (H)
Access tunnel — Abouté5m(L)x7m (W)x7 m (H)

=D EPAE S AHIZ H 2= Excavation volume —  About 33,000 m’
Cavern Scheme Open-cut Scheme Construction method - Drill-and-break method

Proposed Service Reservoirs Proposed Service Reservoirs
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Underground Space Development Strateqy
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Underground Space Development
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g'Rock Cavern Development

at Urban Frlnges -
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Underground Space Development

in Urban Areas
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Planning and

Development Gains House suitable
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Rock Cavern Development
at Urban Fringes
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Rock Cavern Underground Space
Development Development
at Urban Fringes in Urban Areas
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Excavation in rock Excavation mainly in soft
ground
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% it Creating usable space

public or private ~ © BllENER T
sector facilities Enhancing district connectivity
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Improving the community
environment
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