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1. Site Investigation vs Geologic Risks

2. Summary of Available SI Techniques/Methods 

3. SI Program Planning – Program in Phases

4. Choose Suitable SI Methods in Each Phase

5. SI Layout Planning

6. SI Quantity & Budget Planning

7. Description of Typical SI Techniques/Methods

8. History of Past Rock Investigations for Undergrou nd 
Cavern Development in Singapore
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Locking ring in open position is adjusted 
to the desired direction of rock core

The orientation device is connected to 
core barrel

When activated, locking ring is 
compressed to lock indicator ball into 
place at desired orientation in borehole
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Borehole drilling is accurately controllable & steerable according to

predetermined trajectory ----- The State-Of-The-Art drilling technique in the world
Drilling in inclination, then curve and finally horizontal direction is feasible
Rock cores are extracted along the whole drilling route for geological & rock quality

assessment
Especially suitable for geological investigation at seabed or for tunnels cross river.

Horizontal Directional Drilling (HDD)
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Properties Range Average  

Density (g/cm3) 2.62 ~ 2.67 2.65 

Uniaxial compressive strength 
(MPa) 

108.09 ~ 
224.89 

163.83 

Young’s modulus (GPa) 37.10 ~ 111.25 65.87 

Poisson’s ratio 0.14 ~ 0.35 0.24 

Cohesion (MPa) ¾  24.51 

Internal friction angle (o) ¾  59.02 

Point load index 5.6 ~ 16.1 8.7 

Brazil tensile strength (MPa) 8.46 ~ 14.30 11.71 

Three-point tensile strength (MPa) 13.25 ~ 27.30 19.94 
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Site Investigations and Geologic Data Base

Scheme 1 – Islandwide broad Site Investigation for a master plan of underground space 
development in Singapore
Boreholes down to depth 100-150m,  associated with seismic survey and lab tests;
followed by pre-feasibility study for quick and preliminary assessment of geology, bedrock 
depth, RQD and rock mass quality.

Scheme 2 – Zoom into the identified cavern locations with strategic considerations for 
industrial usages
Further comprehensive site investigations and detailed feasibility study are recommended to 
achieve the following purposes: 

��� � Topographic features and geometry
��� � Overburden thickness, bedrock depth and rock strata/layer
��� � Weathering grade and thickness
��� � Soil & rock material classification and properties
��� � Major fold and fault structures
��� � Rock joint sets and grouping
��� � Groundwater and permeability
��� � In situ stress condition

Followed by systematic geologic investigations, a global geologic data base shall be established 
and shared for underground master planning & project planning in Singapore. 
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