Picture from Norwegian ¢

Current an iture Rock Cavern Projects
- Collaboratl Jgtween Norway and Singapore -

: ﬂ‘am Multiconsult AS, Norway
Dr Calq,In-n G# from Tritéch Consultants, Singapore

SINTEF-TRITECH-MULTICONSULT (STM)
CONSORTIUM




Agenda

* The first challenge

 The STM Consortium
 Principles of co-operation
» Transfer of competence
* The projects — so far

» Sucsess criteria

February 2009 @ SINTEF TriTech

cccccc

muLTiconsuLt PageNo.:2



The first challenge

“‘Bold" and "Iinnovative" - these are just two
adjectives used to describe JTC
Corporation's (JTC) latest undertaking.
Hitting the mark is the Jurong Rock
Cavern (JRC) project, Singapore's first
underground rock cavern facility for
hydrocarbon storage.”
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The first challenge

"JTC must keep on pushing the limits of
possibilities, to try out new ideas, and seek
opportunities beyond known frontiers.”
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The STM Consortium
intef Byggforsk Norway

riTech Singapore

ulticonsult Norway

« Leading Norwegian research institution.

« Leading Norwegian consultant with underground
competence.

» Leading Singapore consultant with underground
competetence.
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STM Consortium

 Etablished in August 2006.

* Norwegian partners already working
together in Norway.

 Sintef and TriTech working together in
2004 for geologic investigation at
feasibility study stage of JRC.

» Execution of Jurong Rock Cavern project

 Feasibility study of Underground Rock
Cavern Usages in Singapore
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Principles for co-operation

« Consortium agreement:
— Steering Comitte — regular meetings (half-yearly)
— Defining split of work and responsisiblity
— Shared overall responsibility for SoW

» Defined goal for long term co-operation in this
region
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Transfer of competence

* Project team based on defined split of
SoW

 All parties nominate resources

« Team work

 Trainee for defined positions/subjects
« Nowegian staff present in Singapore
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The flrst project — JRC
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Jurong Rock Cavern (JRC) Project

The caverns are designed store a variety of products like
crude oil, condensates, naphtha and gas oll.

Overall storage capacity of 1.5 mill m3.

There are now some 200 such caverns spread around
the world, in countries like Norway, Sweden,Japan and
China

An alternative storage medium, caverns allow resource-
scarce countries like Singapore to free up large areas of
land for other, more value-added activities.
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JRC Project

STM Scope:

— Project Management on behalf of JTC

— Review and approval of Basic Engineering
Design

— Provide technical advice through out the
project
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JRC Project

Organisational principles

* The project team:
— Singapore project director
— Norwegian project manager
— Norwegian manager technical review

— Singapore contract manager and project
engineers

— Balance
» technical skills — state of the art

« Management —execution large complex project
* Local knowledge and authority requirements
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On Site

Technical &
Contract Team

STM Organization [ Jtc
Client
STM Steering
Project Committee
Director
|
Project
Manager
Specialized
Advisors
Contract QA/HSE/Planning
Review & advice Manager (
Team Leader
Norway
Review & advice
service \
Singapore Y
Noway . .
Defined tasks and/or deliverables
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The second project — URC
from August 2008 to May 2009
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Media Report

Down in the cavern
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® Power stations and
electrical substations

M Incineration plants
m Water redlamation plants

m Landfills
» Reservoirs
m Warehousing and

storage
m Port logistics

m Airport logistics

m Data centre

m Wafer fab plants and
R&D labs

LEAD AGENCIES

Energy Market Authority

National Environment Agency
Public Utilities Board

National Environment Agency
Public Utilities Board

JTC & Defence Sdence and
Technology Agency (DSTA)
Maritime and Port Authority
of Singapore

Civil Aviation Authority

of Singapore

Infocomm Development
Authority of Singapore, JTC
and DSTA

Tc

Source: JTC Tender

;’Govt tender to study feasnblhty 0

ore facm’ues in rock cavern S

SLEY NG
ley@medtacorp corm. sg

. me of its mlhtary munitions in this way. And

is underway on similar storage facxhtles‘

crude oil and oil products

- Now, the Government wants to look at buﬂd— o
 power statlons warehouses, 1ncmerat10n

istrial landlordJ

rock cavern usage feasﬂ)lllty study” to see

ow subterranean grottos could be used to max-

imise land use. Among other things, the winning
_ consultant will have to study the costs and the

‘use of underground caverns in other countries. It
. 4w11! also advise JTC on the possible environmen-
 tal and health issues; such as polluhon radlatro

and damage to existing buildings and infrastructur

: Last July, TODAY Dbroke the story of how gov-
. ernment agenc1es including the JT C were explo
V»‘mg the feasrblhty of crea‘tmg cavems for living:

' d then that the potential for space underground
s “almost limitless” and was partlcu]arly useful

for - any facilities that are not desirable at surface
i level, for example sewage. treatment,plants -

© versity researchers ing

. ong Town Corpora’uon;
; C) last Fnday called a tender for a “under-

' The study now up for tender wﬂl look mere-

Iy at feasibility and not sites, aJ TC spokeswoman :

told the Business szes k
However potentlal 51tes could be areas Wlth de—
osits of igneous rock, such as granite, in the cen-

- tral, northern and northeastern areas of the island.
SCARCE Smgapore is already stormg -

- A'1995 paper by N: Techﬁologxcal Uni-
Prof Zhao, in the

Quarterly ]ournal of Engmeermg Geology, con-

onethird of the surface area of Smgapore ‘had good

potential for underground cavern construction.
The tender closes June 6; and the constltant

s expected to work with the Civil Awation Author-
ityof Smgapore and the Energy Market Authonty,

among others.
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Parties Involved

Project Drivers — JTC & URA

Lead Agencies for Specific Usages

Regulatory Agencies (Ac

's & Regulations)

Consultant — STM Consortium

Feedback from Local Industries

- leading Consultants &

Operators for Aboveground Facilities
(Codes, Standards & Local Practices)
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8.
9.
10. Data centre — Lead Agency IDA, JTC & DSTA

. Wafer fab plants — Lead Agency JTC

Generic R&D facilities — Lead Agency JTC

Warehousing and storage & port logistics — Lead Agency JTC & DSTA

Water reclamation plants — Lead Agency PUB

Reservoirs — Lead Agency PUB

Incineration plants — Lead Agency NEA

Landfills — Lead Agency NEA

Power station and electrical substations — Lead Agency EMA o,

Airport logistics — Lead Agency CAAS
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URC Project

STM Scope:

— Technical feasibility for 10 industrial usages to
go underground

— Limitations, issues of concerns and mitigation
measures

— Conceptual layout design

— Cost estimate, construction timeline and
comparison with aboveground facilities

— Land saving
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STM Organization - URC

Underground Master Plan

Taskforce Subgroup 2
|
JTC/URA
Client

STM Steering

Committee
International Project Project
Advisory Group Manager Management in

Norway

Quality Control

Defined studies and deliverables
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Sucess criteria of STM Consortium

* Top management commitment
* Respect

* Integrated team work

» Benefit from cultural differences
* Long term perspective
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STM Consortium

* Thank you for your time !

STM are prepared for the next project !

|
February 2009 @ SINTEF TnTech | = Il muLTiconsuLt Page No.: 21
|




