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IntegInteg--Risk and NaRisk and Na--TechTech

T1.5.3 ERRA D3: Emerging risks related to interaction between 
natural hazards and technologies at community levelnatural hazards and technologies at community level 

Objectives: improving the resilience of industrial facilities to technological accidentsObjectives: improving the resilience of industrial facilities to technological accidents 
caused or aggravated by natural hazards 

D i ti f k P d ti f "H db k f G d P ti f NATECH Miti ti “Description of work: Production of "Handbook of Good Practices for NATECH Mitigation“

Contribution to other SP:Contribution to other SP:

SP2: by structuring NATECH risks as a public policy and risk management issues

SP3: by applying a methodology (vulnerability index and risk analysis) to two case 
t distudies 

SP4: by providing a handbook that will contribute to dissemination, training material etc. 
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Introduction: NAIntroduction: NA--TECHTECH

Industrial accident Natural disaster

Nat ral disaster Industrial accident

NA-TECH

Natural disaster Industrial accident

Spain (1998): 5 million m3 toxic waste-water 
from Aznalcóllar Mine flowed into Guadiana 

Katrina hurricane (2005) produced large 
environmental pollution after damaging

river, directly polluting 4500 h of land and 
wiping out almost all life in the river. 

Seveso Accident (1976): large contaminated 

Kobe earthquake (1995) resulted in 
overloading of emergency system, 
economical losses

area by dioxin after run-away explosion

…
…

Chinese earthquakes (2008) … hundreds of people were trapped under
two collapsed chemical plants in a town called Shifang, where 80 tons of
leaked liquid ammonia caused the evacuation of 6000 people…
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Introduction: NAIntroduction: NA--TECHTECH

Engineering Design (e.g. API 650) 
Only worst case or reference“ natural event (snow wind earthquake)Only worst case or „reference  natural event (snow, wind, earthquake), 

Main attention to structural considerations (no interest to hazmat losses)

Multi-hazard Loss Estimation Methodology (HAZUS-MH)
Main attention to economical losses following structural damages

Oversimplified analysis for Na-Techp y

Nuclear Industry (Nuclear-NaTech)
Even very small losses of contaminated materials have to be avoided
Population, workers, management well informed
Typically low likelihood of intense natural event (due to chosen location)
No overloading of emergency system (only specialist for Nuclear-NaTech)
Programmed shutoff (e.g. world larger nuclear plant shutoff in Japan after 
earthquake)
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Introduction: NAIntroduction: NA--TECHTECH
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Introduction: NAIntroduction: NA--TECHTECH
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Public awareness: NAPublic awareness: NA--TECHTECH

Tupra refinery (Turkey) - Koaceli earthquake (1999)

Main issues: Overloading of emergency system
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Main issues: Overloading of emergency system 
Strategic goods (oil) losses



Public awareness: NAPublic awareness: NA--TECHTECH

Katrina and Rita Hurricanes (2005)

Main issues: Environmental pollution
E i l l
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Economical losses
Long Early Warning



Public awareness: NAPublic awareness: NA--TECHTECH

Inclusion of new industrialised countries where natural events are 
frequent (risk perception) and public awareness is (was) scarce:frequent (risk perception) and public awareness is (was) scarce:

East Europe and Russia (after Chernobil)East Europe and Russia (after Chernobil)

China (see Shifang) and Far East (Taiwan, Philippines, Indonesia)

Indian Ocean countries (see Tsunami follow up worries)Indian Ocean countries (see Tsunami follow-up worries) 

Potential tsunami impact on a refinery in North-Eastern Sicily 
[Cruz et a., Geoph. Res.Abs., 11, 2009]
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Public awareness: NAPublic awareness: NA--TECHTECH
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NANA--TECH as NEW RISKTECH as NEW RISK

NA-TECH RISKS ARE NEW RISKS WHICH HAVE TO BE:

1) DEFINED

i. Environmental damage

ii. Human damageg

iii. Economical Losses

iv. Risk Acceptability Parametersiv. Risk Acceptability Parameters
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NANA--TECH as NEW RISKTECH as NEW RISK

NA-TECH RISKS ARE NEW RISKS WHICH HAVE TO BE:

2) ASSESSED: NEW METHODOLOGIES

Large-scale (often on the natural side)

Intrinsically multi disciplinary (Prediction)Intrinsically multi-disciplinary (Prediction)

Mitigation system often un-practicable (Mitigation)

Overloading of emergency systems (Response)
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NANA--TECH as NEW RISKTECH as NEW RISK

PREVENTION

i. Structural measures

ii. Organisational measures

iii. Na-Tech Early Warning Systems are now possible

(even for “fast” events (earthquake) :(even for fast  events (earthquake) : 

sensor systems (network)

rapid elaboration of signals (e g for seismic wave)rapid elaboration of signals (e.g. for seismic wave)

automatic safety interlock system

fast shut-off

hazmat transportation blockage
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NANA--TECH: What to do!TECH: What to do!

Na-Tech risk assessment: developing new methodology

Identification of unwanted events
(Process Safety Analysis, HAZOP, 
Event Tree,..) 
 

Quantification of probability of 
unwanted events  (Reliability data, 
Fault Trees) 

Risk evaluation
(perception, comparison) 

1 3 5

Industrial activity Acceptable activity Risk

1 3 5

Quantification of consequences of 
unwanted events (damage analysis

Quantification of risks of 
the activity

Measures to reduce risks
(technical organizational)

2 4 6 

unwanted events  (damage analysis, 
effect analysis) 

the activity (technical, organizational)

1) Hazard of Natural Event1) Hazard of Natural Event
2) Equipment Vulnerability to Natural Event
3) Mitigations system evaluation (Na-Tech damage)
4) N T h A bili i i d fi i i !!
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4) Na-Tech Acceptability criteria: new definition!!



NANA--TECH: What to do!TECH: What to do!

SIMPLIFICATION IS NEEDED

• Single or double degree-of-freedom definition of natural hazard

• Threshold values for Na-Tech Hazard

• Threshold values for Equipment Vulnerability in terms of structural 
damage (damage state)

• Threshold values for Equipment Vulnerability in terms of loss of es o d a ues o qu p e t u e ab ty te s o oss o
containment (risk state)

• Simple Acceptability Parameters for industrial installation or areas
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ConclusionsConclusions

Future conference (accepted papers/abstract) where Integ-
risk is explicitly cited (Conprici):

World Congress of Chemical Engineering (Montreal,  2009)

Loss Prevention in the Process Industries (Brugge, 2010)

Thanks you for your attention

Ernesto Salzano
salzano@irc cnr itsalzano@irc.cnr.it

16iNTeg-Risk


