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What is a Tree ?

branches foliage (leaves)

- branch

trunk

- lateral roots
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Older Trees




Tree with Fruits
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The Most Adaptive Tree
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Characteristics of Trees

m [t grows day by day,
and year by year

m [t grows with the
same structure

m [trespondsand
adapts to
environment

m However, it fails
without proper care
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A Tree of Life
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A Fault Tree

Top Event
Top
Ewvent
| |
All A+B A+B+C A+B+C
possible
causes

OO 000 90O
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An Event Tree

All possible subsequent events

Frequency of Consequence Event
Equipment failure frequency per
year
(A (B) © (D)
0.26 0.11 0.93
4.54E-02
Y Minimal 4.54E-02
1.34E-02
T E t From FTA 1.44E-02 Y Minimal 1.34E-02
op Even .
Train Collision 1.03E-03
N
1.03E-03
N
1.30E-01
Minimal 1.15E-01
N
1.15E-01

)

Consequence types
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Our Journey to Building
Risk Trees

-
How

: OurRisk & .
Risk ~ risk Bencfits Risk +

/ ey Challenges tree Mindset
helps

Risk
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= A hazard with a consequence

= Measurement
* Frequency (/year) + Severity (injuries/fatalities)

* |.e. rate of occurrence of the hazard resulting in that
conseguence
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Zero Fatality

What |S Safety ’) Accidents%juri\

Near misses

Hazards

Human errors

What is Risk Risks
Management ?

Unsafe acts/conditions

System failures

Unknown Risks

|

Driving for Continuous Improvement (ALARP)
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How Safety Management System prevents Incidents -

Threats

Risk
Management

Incidents/
Accidents
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Disneyland Resort Line
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m Heavy Ralil

> 10 lines (incl. AEL)

> Route length: 218.2 km

> 84 railway stations

> 1,786 train cars (+new trains)
> 8 depots

m Light Rail

> 11 routes

> Route length : 36.2 km

> 68 stops + 1 depot

> 141 light rail vehicles
(+ new vehicles)

m Bus
> 14 routes
m MTR keeps 4.9 million people on the move every - 143 buses
> Feeder service to the metro
weekday
network

m MTR services run for 19 hours a day (19.5 hours for
EAL and MOL)
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Growth in China & Abroad

Mainland China
= Beijing Metro Line 4 — opened Sept 2009

« Shenzhen Metro Line 4 — took over Phase
1 in July 2010, opened Phase 2 in June
2011

International

London Overground: since November
2007

« Melbourne train network — since November
2009

Stockholm Metro: since November 2009

(operations and/or maintenance
franchises)

MTR Corporation

Stockholm
(2009)

(2007)

@ oroL

1 September 2012
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In Hong Kong

. grom 2M to 4.9M passenger journeys per
ay

e From 541 to 979 escalators

« From no PSD/APG on MTR stations to only
20 stations on East Rail Line and Ma On
Shan Line to be fitted

From a Hong Kong based company to a multi-national company with presence in
Mainland China and Overseas

London [__

MTR Corporation



Our Safety and Reliability performance is among the

very best in the world

Total Fatalities / Billion Passenger Journeys

40
35
30 r I
5t \L B  2000-2009
etter
20 | .2001‘2010
5 l
10 9
I '|] I I
—.AL IAL 1 1 1 1 1 1 1 1 1 1
0
As” MIR As SA SA* Eu E Eu E Eu NA Eu NA
As - Asian Metros NA - North American Metros o COMET AL Pata 1
Eu- European Metros  SA - South American Metros SRR e 2009 reut)

MTR Corporation

Train Reliability

Million Car km between incidents

TBetter

As MTR As Eu SA SA NA Eu Eu Eu Eu NA Eu

0
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MTR Risk Management Challenges
= |ncreasing number and complexity within an
expanding network

= Too many types — Safety, Financial, Reputation,
Legal, Business, Environmental, etc.

= Multiple dimensions — system, people, location,
external/internal, strategic/operational/projects

= Different culture - sharing risks across all business
units

= Different mindsets — matured workforce and new
joiners

= Lack of new ideas to improve-
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Emerging Risk - Changing Passenger

Demographics

- More elderly passengers
and people with disabilities ‘l 0 “"f_

J& ulf
. Additional station facilities, _

better signage and station
manpower

- Listening and Responding
Programme
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~3000 Railway Operations Safety Risks
SCORZiSkZ@

Risk 9

Risk 9
Risk 15
Risk 5 SCI2

Risk 5 | SCI 2 Risk 16 Risk 12
Risk6  pisk 12

Risk 9

sCl 2
Risk6  pick 12 SCo3

Risk 5
Risk 8 SCI 2
Risk 6 :
Risk 4 Risk 12

Risk 11 Risk 9

SCO1

) Risk 2
SCI3 Risk 1 SCI 1
Risk 3
5 Risk 5
SCI 2
s Risk 6
Risk 4
Risk 7 Risk Risk Item
SCl1

SCl1 @ Precursor
Safety ga_ftt_aty I
SCI  cCritical SCO O“ ical

ltem perations
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5 New

Ex 56
. Pre km
Railwa SS p...
. y Raiy Lj to our network
Projects will Nk
J Risk 8 I H K
b Ky in Hong Kong
be added un .
Staff ;}ém@OD . by 2020
a . 1S A
Risk & Xtan.o
eror ,Uth lany ens;
L .
Train Door 'ne (@a
Nipping Risk Collision Risk 9
Wgsz
sco1 . Is, 56, Risk 12
e S Train herface B
scalator SCI 2
Stip, Trip Fall RISK6 iy 12
Risk 11 Foreign Risk 9 Risk 4
: Risk 2 OUblect _
SCI 3 Risk 1 : DerailmerRisk 231
Risk 3 Equipment

Step @ Failure B
Condition
] SCl2 Risk 15
m Risk 6 SCl1 2
Risk 4 )

SCI'1

SCI'1
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| need a risk management tool which can help me:

Read across

Intelligence

iGI V 1

Sensitl /i‘y

Know-how
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Risk Modelling vs Risk Tree

= UK RSSB Safety Risk Model (SRM)

= Risk quantification (based on

ETA/FTA)

= Validated with accident figures

= Well-established structure for
benchmarking by operators

Individval Risk (Probability of a fatality per year

l

HE No. Hazardous event description ; LT

P PassengerTram FremI]tTram Infrastructure OerPT o | Ottt st

: Driver Driver warkers

_ Collsian between fwa baing rasulting iom & passenger tram Cat A : : _ _ _ _
. HET0121 SPAD v i et o VGF 1 SED7 BIED 157EDR IRED 1 B0 THED

HETE Cn\hgmn betwen i passenger trains in station (ermisshe ST
! Warking)
5 HETE Train collsion with bufer stops IS LA9E ED
§ |HEHT Passenge: train collsion wih road seficle on level crossing bRAER JIRER 1 1BELR
7 |HEH! Honpassengertran colision with road vehiclz on lesel crossing B4R (RS 178606 383E08
§ |HER2 Deraiment of passenger tran 1190 1180 J4ED
§ HET3 Deallmert o nor-passenger tran TAIEB 181ED 2150 142k | 42608
10 HFTA7 Fire i tasgannet train 13Fm MR 9 4
RSSB: Rail Safety and Standards Board
MTR Corporation 1 September 2012
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Safety Risk Model
Risk Profile Bulletin
Wergion 7

B e b Lidwl] ek 0F B D PRaEE e by

T -
“Accident Category | FWiyear |Fataiities/| Major |
year injuries/
NB: POS = Possession year
Train Accidents (excl POS) [ 8.1 6.1 150
"Movement Accidents (excl | i
PoSandTrespass) | 24 | 112 | %8
Non-movement Accidents
| (excl POS and Trespass) l w2 58 Gl
Inside possession (POS) 86 20 508
Trespass. 186 | 457 | 970 ]
Total | w09 | 707 | 4669 |
Page 27 EIMTR




UK RSSB Safety Risk (SRM) Model

. ~S<B,

A" 1 B ey OF LT i , — NV Eersio g . = i
o 5 10 15 0 15 30 5 40 45 50
Trespass |
Slips, nps, and falls ’ : : I : : i SDE-HE‘SI!&] ABE{+13%)
Assaultand abuse ] E E- 11.5-:-I51i::-
Struckicrushed by trsin | :_ 28135
] ! .
Oin-boand injunies : T3S [-55%)
Platfiorm edge incidents (boardingfalighting) ] I | E.E--:—.E'%:l
Coontactwith object | : 1 53&.;:13%;.
Platfiorm edge incidents (not boandingalighting) ] : | 573 [+'I‘;%:-
Train accidents: collisions and derailments A 391{#1%)
Train accidents: collisions with road wehides at level crossings ] | 3;44-:-3%:.
Manual handliing/awlksard movernent 1 | 1.d5--:-§53ﬁj|

Fallsfrom height [0l 0.233§-75%)

Swuicide 0BG (-5%)
Other W 0B23(#13%)

Foad traffic accident DLTas (+1199%:)

Train accidents: collisionswith objects |l 0.781(#15%)
] : Passenger
Wiorkforee electric shock QEET (-19%)
. T : Workforce
Machinenwiool operation 0.585(-11%) .
1 o Public

Fires and explosions (notimeclving tmms] || 0525 (+1%)
Contzctwith person 0462 {+35%%)

Lean orfall from train m running D.-!24[+E-%:-

Train accidents: ofwer oass [—1;5-%:-

Chart 3: Risk profile for the hazardous events categories
Mote: The direct risk from suicide and attempted suicide has been excluded, however all secondary risk associated with suicide has
hean ncbdad
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Risk Tree

[N [N

= “Tree” applications in safety industry g %
bs _
i “lator pratform ‘é‘ﬁe
= Analysis of causes (Fault Tree) WL Y
Slips/Trips/Falls ' pﬁ;;pﬁ
in Station, Stop ‘j:l

= Analysis of consequences (Event

Tree) ff;‘éﬁw
Struck by e
= ARisk Tree e ‘*‘f@
] ) . Hit by
= Focused on one major risk scenario g o

(an even

\ i Vrll

Falls on Train,
t) LRV, Bus

= Looks at all underlying causes

= Depicts risks interrelationship and

relevant information Twelve Major Risk Scenarios
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ITR Risk Tree A

I Y 1 \1 [N \J\Jl\p

1V \JAWII

p roac

A thinking tool for systematic risk management
Highly structured — consistent hierarchy
Multi-dimensional — expandable branches
Systematic visual analysis by:

= Type/Line/ Risk Rating / etc.

Platform-Train
Interface

Platform Passenger / Public Staff / Contractor ‘ Equipment Failure ‘ Poor Floor Electric
Gap Error / Error / Condition Shock
Misbehaviour Misbehaviour Ry
Hot RX

Door Control
Failure

Car
Leveling

Door Detection
Failure

Platform Gap
Fillers
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Risk [Tree of Major Risk Scenarios -

Train

Platform/Train Escalator
Interface .
. Accident

) Ay B Precursor

\— ¢ 1

Risk 2 |3

Safety g@ft?ty I
SCI  Critical  SCO O” ical )
ltem perations
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Benefits of Risk Tree

= Enriching the risk management PDCA process

ANTICIPATING [ Risk ldentification } 1 SHAPING

Risk Monitoring Risk Analysis &
& Reporting Evaluation

R1, R2, R3, R4

o
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SHAPING -

Escalator
Accident

= Depicting the risk elements —
equipment, people, process and
external factors

Passenger Yy,
ehaviour

= Showing the big picture and risk
exposure by aggregating similar
risks

/ External

= Showing risk dynamics - where are

+tlan hAtarmAata ArnA +FrAnRAA~
Uuic lIUlprlb adllu Uuciius

= Allowing risk integration in a
structured and coherent manner
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SHAPING -

Risk Tree

Derailment
| Hot Spots
| | | |
Objecton/{| Track Staff Train
near track| | Failure| | Behaviou Failure
. I [ |
. Signalling | Coupler|| Brake | |Pantograp|
- Bogid = AP
sco | | | New S|C|
Derailment Derailment| | Derailment dug Derailment due to
SCl due to XX due to XX to damage of | structural damage of
SCO p rail (Rx) unloading (RX coil sxxs (Ry) bogie frame (Rx
ScCl
Root Causes
Sco
_ High
HIgn Consequence
Frequency Risks
Risks

ASRISK

MTR Corporation

1 September 2012
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Benchmarking of risks and controls across lines -

I?Iatform/Train
Platform/Train Platform/Train " Interface

Interface

'-*;é § r: /- & ; -.'*:,_
) I | = Précursor @
' ¥ ‘3;; 2%

(EiLéC\i\ﬁl)?L TWL/KTL/ISL/TKL TCL/AEL
(= KTE/WIL)
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Benchmarking of controls across business units -

) Ay 8 Precursor
Risk 2 s; ‘A 1

/-
ﬁ":f"b SCI 1 PgRisk 74 .- &

. B
SCO3 Pag 2

‘I;,,r‘.

o
{

Hong Kong Shenzhen
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Applying Fit-for-purpose Risk Strategy

Separate treatments for High Frequency or High consequence risk

High
Consequence

Train'| e
Interface

Slips/Trips/Falls
In%m

Influence

behaviours
Hit by
Falling
Object _SlipsiTrips/
N Falls on Train,

LRV, Bus

7:_:;,/f Review

'i*\\\\\$ robustness of

control
measures
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Risk Tree
Slips / Trips / Falls on Escalator

Heavy Rail Risk Profile

Slips / Trips / Falls
on Escalator

Major Risk Scenario
(MRS)

o

g = | Equipment Failure Staff / Contractor Passenger / Public Slippery Condition
B 2 Error / Error /

» Misbehaviour Misbehaviour

o
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Influencing Passenger
Behaviours
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= Vigorously reviewing the effectiveness of risk control
measures

= Facilitate questioning of risk controls adequacy and
effectiveness

= Review critical processes (check and balance)

= Minimise duplicated processes

= Strenathen robustness of contro

-’ L1 \lllvtl INVIT T I VN UUJLI D 11

Q
measure instead of procedure to prevent accident

— 11ISA A
oo

A

ngineering
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ANTICIPATING

= Hindsight + Insight = Foresight

Emerging risks

= Responding to new groups of
passengers and their behaviours

“You don’t know what you don’t
know. You know what you don’t

= from SARS to pandemics and business |~ you know more”

continuity

= from engineering system risks to human
factors
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Risk Management Organisation

= Risk oversight by Safety Committee (OSMC-HK)

= Risk Control & Analysis Committee (RCAC) reviews the risk
controls and oversees the change in risk profile

= Hazard Review Committee (HRC) of each department
reviews all related risks trees and controls

= Promoting Risk Tree ownership

= Fach Risk Tree and maior risk scenario is cham
J 1 I\ W\ IN\J I/ I ICA

DIO
1ALl 1 r.l
by a Department Head

El

= Lead the review of risk control measures with related
parties and explore better solutions
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Sharpen the Saw

= From Excel spreadsheet to Risk

Tree dlag ram ,:_: i
= Risk IT System (ASRISK) — tree = :
view of risks el
= Further application - OSSA — = — =

leveraging risk tree to examine

the robustness of risk controls
using a bowtie approach

N\ VWV LI WA

Risk Scenario
(RS0)
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A Solution to Risk Management

NWHNG

Risk

Risk Control

Risk Review
Human Factor
Safety Critical Item
Precursor
Emerging Risk

Report Types

Risk Reports
(BUSINESS-
UMIT/EMTERPRISE)

Risk Reports
[PROJECT-
DELIMERY/DSC)

4 Risk Reports

Mon-Risk Object Report
[OPERATIONS-SAFETY /
Project Related)

Emerging Risk Repart
Change Log
User/Cwner Report
Risk Dynarmic Report

Personal Setting
Access Control
Master Data Setup
Risk Type Config

System Admin.

(OPERATIONS-SAFETY)

ap

| Risk Reports I Risk pModel Data Sheet“ Risk Profile Report By Lead Risk Dwnerl
* Report Type:

Report Format:

Report Subtitle:

(C Brief Report O 1tem Listing O Detail Listing

RCPI Report l

O Full Report & Tree Repart O Associated Precursor

® Excel O POF

- General Selection
* Risk Type:
Risk Group:

Risk Status:

Risk Owner

Likelihood

Severity Level:
Risk Rating:

Area

Risk ID Range:

| Dperational Safety Risks

|TD Be Endorsed

[l concession-granted Risk(s) only

V|J [lLead Risk Owner anly

v O

v O

v Ol

E|

[To: |

Pleaze input a2 nurnber to list a risk or input a range to list rultiple risks,

- Advanced Selection Criteria

r Selection By Risk Hierarchy

Parent Risk ID:

| Pleaze input the full parent risk id.(eq: BOOOOZ2)

r Selection By Risk Category

Risk Category Type:

Major Risk Scenario

& and O Or

op Add New

Category Type Category |_|

V|| Platform Train Interface-DUAT V|J &£

4



Greatest Challenge in Risk Management

The risks that | don’t know ?
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= Know-how — know how the risk
occurred and manifested and how to
prevent it effectively







