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Natech accidents 

 

Hurricane Sandy (USA, 2012) 
 multiple hydrocarbon spills ( >1.3 million lt); 42 billion lt of sewage spilled 

Tohoku earthquake and tsunami (Japan, 2011) 
 major nuclear accident; fires and explosions in refineries, petrochemical and other 

facilities 

Hurricanes Katrina/Rita (USA, 2005) 
 113 off-shore platforms destroyed, 163 severely damaged; release of 30 million lt oil on- 

and offshore; hike in global oil price 

Summer floods (Czech Republic, 2002) 
 release of 80 t of chlorine & several dozen tons of other hazardous chemicals, including 

dioxins 

Kocaeli earthquake (Turkey, 1999) 
 multiple fires in a refinery producing 1/3 of Turkey’s oil-related output 

At least 40% of surveyed EU MS and OECD Member 

Countries have experienced one or more Natech accidents 
 



Complex and difficult response environment:  

1) Simultaneous releases from single or multiple sources over wide areas. 

2) Unavailability of lifelines needed for accident mitigation (water, power). 

3) Competition for scarce resources (simultaneous response efforts to 

cope with the natural and technological events). 

4) Hazmat releases (toxic, fires, explosions) can hamper emergency 

response by endangering rescue personnel and disaster victims. 

5) Non-functional or inappropriate standard civil protection measures. 

 targeted prevention, preparedness and response needed 
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Natech risk-reduction situation 

• Legislation, codes and standards for chemical-accident prevention 

rarely address Natech risk explicitly (BUT: Seveso III, regional acts!). 

• There is little knowledge on the dynamics of Natech accidents. 

• There are hardly any methodologies and tools for Natech risk 

assessment and no guidance for industry on how to assess Natech 

risk. 

• Emergency response plans do not consider the characteristics of 

Natech accidents (loss of utilities). 

• There are no Natech risk maps to identify areas in danger. 
 

Background 
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Expected increase in Natech risk: 

 more hazards 

(climate change, industrialisation)  

 higher vulnerability 

(urbanisation, interconnectedness) 

… in a situation where Natech risk 

assessment methodologies & tools 

and guidelines for Natech risk 

management are missing. 

Source: Kyodo AP 

Priority work areas*: 

– Implement and enforce regulations 

for Natech risk reduction 

– Develop methods, tools and 

guidance for Natech risk 

management 

– Develop dedicated Natech 

emergency management plans 

– Develop Natech risk maps 

– Raise awareness and improve risk 

communication  

– Train stakeholders on Natech risk 

reduction 

*From a JRC survey on the status of Natech risk reduction 

in EU MS and OECD 

E. Krausmann, D. Baranzini (2012) Natech risk reduction in 

the European Union, J Risk Research 15(8): 1027-1047 

Outlook 



JRC activities 

Accident analysis and guidance 
• Identification of vulnerable equipment (fixed, 

pipelines, offshore), scenarios and consequences 
(earthquakes, floods, lightning, hurricanes) 

• Site surveys for Natech damage assessment 

(Japan, China) & statistical analysis, lessons 

learning 

• Natech accident database: eNatech 

http://enatech.jrc.ec.europa.eu 

Risk analysis tools  
• Framework for Natech risk assessment 

and mapping: RAPID-N 

http://rapidn.jrc.ec.europa.eu 

Training 



Lessons learning 

Lessons-learning process: 
 

• Accident investigation 

 why and how did the accident happen? 

• Accident reporting 

 minimum of information according to a pre-defined set of criteria (incl. near 

misses) 

• Data collection 

 relevant and structured information on accident and safety measures 

• Data analysis 

 detect accident causation patterns (should include mitigation) 

• Generation of lessons learned and implementation 

 technical/organisational LL 

 



http://enatech.jrc.ec.europa.eu  



Accident Analysis 

Damage/failure mechanisms: EQ, Flood, Lightning 
 

Earthquakes: 

+ Direct shaking impact 

+ Ground deformation due to liquefaction 
 

Floods: 

+ Displacement due to buoyancy and water drag (water 

height & speed) 

+ Impact of floating objects 
 

Lightning: 

Direct: Ignition of flammable vapors; structural damage 

Indirect: Impact on electrical control systems 
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Liquid sloshing can 

compromise the structural 

integrity of tanks which are full 

or nearly full. 

 

Rigid connections between 

pipes and equipment are 

vulnerable to shaking damage 

and failure. 

 

Safety barriers, e.g. catch 

basins around tanks or 

sprinkler systems, may fail 

under earthquake loading. 

Liquid sloshing and the resulting 

dynamic loading on the tank wall 

need to be considered in the risk 

assessment in earthquake-prone 

areas. 

 

Specific flexible connections 

should be used in earthquake-

prone areas. 

 

Critical active and passive safety 

barriers in the facility need to be 

designed to withstand the forces 

of the expected earthquake. 

Examples EQ 



RAPID-N 
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Where are natural-hazard prone 

areas and which chemical 

facilities are at risk there? 

RAPID-N: Web-based decision-support tool for Natech risk 

assessment and mapping 

RAPID-N unites natural-hazard assessment, damage estimation, 

and consequence assessment in one tool! 



http://rapidn.jrc.ec.europa.eu 



xxxx Modular Structure 
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RAPID-N 
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Natural Hazard 

• Istanbul Earthquake 

• Scenario 

• JICA (2002) Model A 

• Epicenter 

• 40°45.00'N 29°24.00'E 

• Focal depth 10 km 

• Fault 

• Fault length 154 km 

• Strike-slip 

• Magnitude 

• Mw 7.5 

Case study 



Industrial Plant 

• Located in Izmit Bay 

• Fiber production 

• 315,000 ton/year capacity 

Case study 



Kerosene 

Acrylonitrile 



Flammable: 
Kerosene release – 
2nd degree burns 



Toxic: Acrylonitrile 
release – ERPG-2 



RAPID-N: Ongoing and future research 

• Extension to other natural hazards and infrastructures 

 Pipelines (ongoing), Floods (ongoing), Lightning (planned) 

• Automated Natech damage and consequence estimation (Alert) 

 Reporting to interested parties and authorities 

• Cascading effects 

• Consideration of risk receptors  

 



TRAINING 

Assessing and reducing 

the risk of natural-hazard 

impacts on hazardous 

installations 

March 2016: 

EU Enlargement and 

Integration Action countries 

February 2017: 

EU Member State 

authorities 



1. The chemical industry is vulnerable to natural-hazard impact but this is 

not always recognized 

 

2. The most vulnerable equipment type are atmospheric storage tanks 

with a high storage capacity and a high likelihood of release 

during natural hazards 

 

3. The design basis of hazardous installations is not always adequate for 

natural-hazard loading and design limits need to be 

understood and acknowledged 

 

4. Natech risk reduction measures are available for several natural 

hazards and research is ongoing to fill existing data and 

knowledge gaps 

Key messages 
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Thank you for your attention! 

RAPID-N tool for rapid Natech risk assessment and mapping: 

rapidn.jrc.ec.europa.eu 

 

eNATECH database for Natech accidents 

enatech.jrc.ec.europa.eu 

 

  

 

Contact: elisabeth.krausmann@ec.europa.eu  

 


