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Risk Analysis and the Meaning of Words
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Incident(s)/Accident(s) (Definition: Cambridge English Dictionary )
- Incident: an event that is either unpleasant or unusual

- Accident: something bad that happens that is not expected or intended
and that often damages something or injuries someone

G O

A question arises from the point of view: an accident involving myself can be
an incident from an outside observer?
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A second question arises from translation:

Seguranca (PT): Safety (UK)
Security (UK)
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How good can/must be a definition?
The Qualitative/Quantitative dilemma

IMPACT

Medium
LIKELIHOOD
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Frequency of Consequences (Severity of Accident)
Occurrence
{or Likelihood)
Incidental Serious Catastrophic
(1) {3 {5)
Frequent
(5) M
Oecasional
14) M
Seldom
3 L
ﬁag;&le L
High LOW
. Unlikely L
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Risk Analysis — Structural Safety
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2 tubes or more

Gradients <5%

Emergency
walkways

Emergency exits
at least every 500
m

Cross connections
for emergency
services at least
every 1500 m
Crossing of the
central reserve
outside each portal

Lay-bys at least
every 1000 m

Drainage for
flammable and
toxic liquids

Fire resistance of
structures

Normal
safety

evacuation

Mechanical
Ventilation

Special provisions
for (semi-
)transverse
ventilation

L> 3000 m

§2.1

§2.2

§2.3.

1

§2.3.

2

§2.3.

3
to

§2.3.

9

§2.4.

1

§2.4.

2

§2.5

§2.6

ofe

~2

>1

1,2
to
1,5

1,2

>1

>3

>2

>2

ADT (2030) 4500
veh/lane
(ref. ADT 10000))
Gradients 0.5 and 1%
(ref. 3%)
According with directive

1 elevated walkway and 1
shoulder lane each side
(1,2 m) Above directive

requirements(?

300 m Above directive
requirements
(ref. 500 m) . Linear Evac
model3)

1200 m Above directive
requirements
(ref. 1500 m)3)

According with directive

600 m Above directive
requirements
(ref. 1000 m)

According with directive

According with directive

Above directive
requirements (operational
requirements demand
compensation)

According with directive
According with directive
According with directive

Comply with directive

100 % redundant system.
Above directive
requirements (design fire
30 MW - capability of the
system above 50 MW) 4

According with directive

Above directive
requirements

At least 250 m

Video (CCTV)

Automatic incident detection
andjor fire detection

Traffic signals before
entrances

Traffic signals inside the
tunnel at least every 1000 m

Radio re-broadcasting for
emergency services

Emergency radio messages
for tunnels users

Loudspeakers in shelters and
exits

October 18th, 2019, Lisboa, Portugal

§2.11

§2.12

§2.13

§2.14

§2.14

§2.15.1

§2.15.2

§2.16.1

§2.16.2

§2.16.3

§2.17

§2.18
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>1

>2

>2

>1

>1

>1

Comply with directive
According with directive
Comply with directive

Every 300 m
Above directive requirements

Above Directive requirements

Two control centers (one as a full
reserve in case of failure)®
Above directive requirements

Above directive requirements

DIA including smoke
Above directive requirements

Above directive requirements

LHD (3 modes), CCTV(DIA and smoke)

€O and oppacity detection(®

Above directive requirements

Above directive requirements )

Every 300 m
Above directive requirements(?)

Above directive requirements

According with directive

According with directive

According with directive
Comply with directive
According with directive(®
Comply with directive
According with directive

Comply with directive

Strucutral measures, systems and

Equipments above directive
Requirements

11
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L > 3000 m

§1.3.2
§3.1

§3.2
§3.3

§3.4

§3.5
§3.6

§3.7

§3.8

§3.9

§4

60%

>0.25

>0.25

>1

>0.06

Dinamica Aplicada

~95% of HGV of 12 to 15 ton®
According with directive

According with directive

According with directive

According with directive
(emergency services at the tunnel portals)

According with directive

According with directive

Though above the directive no ADT or vehicle
inspection mandatory
(traffic control includes outside overheight,
smoke emission and temperature of
vehicle)(0)

No overtake allowed
(just under operation control)
Above the directive requirements
(in 2030 ~1/2 of tunnel traffic capacity for
peak hours used)1)
According with directive

Operational conditions heavy demanding
compensation from minimum requirements

5th International Seminar on Underground Space
Health & Safety in Underground Space

October 18th, 2019, Lisboa, Portugal
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The PLAN FOR RISK MANAGEMENT (PRM) must presente a
detailed procedure for RM following ISO 31000, the following
minimum requirements must be considered:

1 - Definition of the context using minimum cost and scheduling as
the main criteria and reputation and image as secundary subjective
criteria

2 - Risk evaluation (Risks ID;Risk Analysis; and Risk evaluation)
3 - Risk mitigation (including monitoring and communication)

At least the following themes must be looked upon:
Arquelogy
Geology and Geotechnics
Environment
Local envelopes
Equipments
5th International Seminar on Underground Space

Health & Safety in Underground Space
October 18th, 2019, Lisboa, Portugal 13
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The demands from the bid are those of ISO 31000:2009

stablishing the context (5.3

Risk assesTnent (5.4)

+ Risk identification (5.4.2)

Communication Monitoring
e . Risk analysis (5.4.3) . and
consultation review (5.6)
(5.2)

Risk evaluation (5.4 .4)

h

Risk treatment (5.5)

5th International Seminar on Underground Space
Health & Safety in Underground Space
October 18th, 2019, Lisboa, Portugal
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Principles; Framework and Process of risk management

a) Creates value
Mandate |
b) Integral part of and —
organizational processes commitment (4.2) p—— ‘t'he —
l—> stablishing contex 5
¢) Part of decision making I 5.3
|
d) Explicitly addresses 2
uncertainty Design of _ Risk assessment|(5.4)
framework ]
e) Systematic, structured for managing risk = _
and timely (4.3) 2L le 4 Risk identification (5.4.2) Il: » g
J —
f) Based on the best .;
available information ) 3
) Continual Implementing §
g) Tailored improvement risk 'E i A £
of the
management = let—»| Risk analysis (5.4.3) | =
h) Takes human and framework (4.4) L oo oo I £
cultural factors into (4.8) 2
account 5
=
i) Transparent and inclusive
o A 4
oleal
j) Dynamic, iterative and Modniloﬁng 1> Risk evaluation (5.4.4) ll-: >
responsive to change ANG TV
of the
k) Facilitates continual frarr:‘e:ork
improvement and (45)
enhancement of the
organization 1—’[ Risk treatment (5.5) I‘—'
Principles Framework
(Clause 3) (Clause 4) Process
(Clause 5)

5th International Seminar on Underground Space
Health & Safety in Underground Space
October 18th, 2019, Lisboa, Portugal
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Qualitative
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Severity Lesser

I

O Greater

Lesser |

!

AITES

ALARP (As Low As Rationally Possible)

Probability Excepcional Remote Medium Ocasional Frequent

A—
Comissao Portuguesa
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Severity (1) (4) (5)

Catastrofic (5)

High (4)

Medium (3)

Small (2)
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Incident (1)

Risk Classification = ProbabilityxSeverity
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Calibrated Risk Matrix
Calibrate the matrix to reflect your Operations business-wide impact of failure
The cost consequence is estimated on the DAFT Costing worksheet
The likelihood is determined from the historic frequency occuring in your Operation or from other comparable operations
s o
o 2|l=21818|2
® = o S ]
o E eE|18|18 |8 : -1 8
Likelihood of Equipment Failure Event per Year S8 sclelg8lgl8la|lS|alglg]ld
[T o o o o o o o o o =] o o o
|18l |8|=|lzg|2|8|2|8|zlzl2|8|2|8]|z2
[ad L “r [ad “ ©“ o [ “ © “ “ “ [ad [d @
Probability | Sigma| Event Descriptor
e O [T [ ———— Time Scale . Historic Description 15| 2 | 25| 3 | 35| 4 |45| 5 | 55| 6 | 65| 7 | 75| 8 | 85| 9
100 Twice per week 2 as |4
Once per
30 fortnight 1.5 35| 4 | 45
1 10 [Onceper Certain 1 35| 4 | 45
month
Once per
03 2 3 s . 05 451 45 N5
Almost vent will occur on an annual
1 1
0 3 Once per year Certan [basis 0 4 |45} 6
003 03 Once every 3 Event has occurred several 05 4 |as] 5
years Likely  ltimes or more in a Ifetime
0.01 4 0.1 Once per 10 Foaslile Event might occur once in a 1 2 45 B
years ifetime career
0.003 003 Once per 30 Unlikely Event does occur somewhere 45 4 45 18
years from time to time
Once per 100 Heard of something like &
0.001 0.01 e Rare otcyvion alsstns -2 45| 45 |5
0.0003 008  [ONSe Wy 25 4 |as]| 5
years
Once every
0.0001 5 0.001 1.000 years Very Rare |Never heard of this happening -3 451 45 N
Once every
0.00003 0.0003 3,000 years 35 4 45 5
Once every Almost |Theoretically possibie but not
i, 0400 10,000 years | Incredible |expected to occur = ol
Note: Risk Level 1) Risk Boundary 'LOW Level is set at total of $10,000/year
2) Based on HB436 2004.Risk Management 1-RELIABILI | Y
Amber = High  3) identify ‘Black Swan' events as B-S (A 'Black Swan' event is one that people say ‘will not happen' becausenhasnotyethappened)
Yellow = Mediurr 4) DAFT Cost (Defect and Failure Total Cost) is the total business-wide cost from the event (
Bms'*':' A:::'ﬂ % Risk = Consequence of Failure x [No Opportunities x Probability of Failure at Opportumty]

5th International Seminar on Underground Space
Health & Safety in Underground Space
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>The new ISO 31000:2018

Continual
Improvement

Human and Structured
Cultural and
Factors Value Creation (0100 TH

Available
Information

Principles (clause 4)

Leadership and
Commitment

MONITORING & REVIEW
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