Joint Research Centre

the European Commission's
in-house science service

European
Commission
I

Natech risk
assessment and
management

Elisabeth Krausmann

Technology Innovation in Security Unit
Directorate Space, Security and Migration




—
—
o
N
Q
X
]
)
o
{=
—
S
(]
L

Hurricane, 2005




Natural hazard triggered

technological accidents

\

; Y AU
ﬂ A \\\\\\
\ \

i \
[
. Flood ~

Earthquake
Lightning
Landslide
Y Wind
Tsunami

AT
—

B AN

(=

b

=irh
Toxic Release

Envirenmental

contamination |.
o
EXPlGSIionim



At least 40% of surveyed EU MS and OECD Member
Countries have experienced one or more Natech accidents

Hurricane Sandy (USA, 2012)
-> multiple hydrocarbon spills ( >1.3 million It); 42 billion It 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 It 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
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Natech risk-reduction situation

* Legislation, codes and standards for chemical-accident prevention
rarely address Natech risk explicitly (BUT: Seveso I, 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.
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Priority work areas™:

— Implement and enforce regulations
for Natech risk reduction

Expected increase in Natech risk:

- more hazards
(climate change, industrialisation)

- higher vulnerability
(urbanisation, interconnectedness)

— Develop methods, tools and
guidance for Natech risk
management

... In a situation where Natech risk
assessment methodologies & tools
and guidelines for Natech risk
management are missing.

— 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 e
es?arch Source: Kyodo AP
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Accident analysis and guidance

e |dentification of vulnerable equipment (fixed,

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

e Site surveys for Natech damage assessment

(Japan, China) & statistical analysis, lessons
learning

e 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
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RAPID-N

Name:

Date: 2014/06/03 08:27:59

Hazard Information
Hazard:

Hazard Map: ShakeMap (XML, Gzipped), 2014/01/21 18
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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
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Natechs
Country: - All - « Hazard: - All - « Natech ID:
Site: Date: - Status: - All - -
50 record(s) found. Page: 1 ~ @-ﬁi Rows: 20 ¥ Sortby: Date * Ascending ~
No Date Country Natural Hazard Site Natech ID
1. 1923 Japan Tokyo Earthquake Yokosuka Naval Base 10 Lﬁ
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http:/
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11.
12,

13.
14.
15.
16.

1989/09/20
1994/01/17
1994/02/22
1994/07/24
1994/10/19
1995/10/24

1998/02/27
1998/04/25

1998/09/26
1999/08/17
1999/08/17
2000/01/30

United States
United States
South Africa

United Kingdom

United States

Indonesia

Ecuador

Spain

United States
Turkey
Turkey

Romania

enatech.jrc.ec.europa.eu

Hurricane Hugo
Narthridge Earthquake
Merriespruit rain
Lightning

San Jacinto River Flood

Lightning

Landslide

Dofiana Disaster/The Los Frailes tailings dam failure/Aznalcallar
Disaster/Guadiamar Disaster

Hurricane Georges
Kocaeli Earthquake
Kocaeli Earthquake

Heavy rainfall

Authonty

Amerada Hess Oil Co.
ARCO-Four Cormers Pipeline
Harmony Gold Mine
Pembroke Refinery

Pipeline

Pertamina Cilacap Refinery (Unit
Pengolahan IV)

Trans-Ecuadorian Qil Pipeline

Los Frailes mine

Chevron Pascagoula Refinery
TUPRAS Izmit Refinery
AKSA Acrylic Fiber Production Plant

Aurul Mine

55
44
56
47
45
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27

28
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Source: Louisiana DEQ
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areas and which chemical ~ som  Lightning
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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!
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Update Property Estimator

Property. ‘ Peak Ground Acceleration [

Type:

[] Exact Estimate

Function: [if (INEHRP 185 =0
if ((NEHRP
if ((NEHRP S=2
return exp(4.16 + 0.69 * [Mw] + 1.24 * log{[deckm] + 6) -

Conditions

1. Property: [ Moment Magnitude

2. Property: |Ep|centra\ Distance

3. Property: |Fau|tmg Mechanism

Regions

1. Greece, Flinn-Engdahl Region @ *
2. Southem Greecs, Flinn Engdahl Region [T ] *

3. Dodecanese Islands, Greece, Flinn-Engdahl Region E
4. Crete, Greece, Flinn-Engdahl Region @ *
References

1. Margaris, B.; Papazachos, C.; Papaiocannou, C.; Theoduli
attenuation relations for shallow earthquakes in Greece"
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acility: Anadolu Tasfiyehanesi AS - Mersir

Type: Storage Tank

| Coordinate: | 36° 48 59.767", 34° 41 53.976"
Properties
Storage Condition: Atmospheric
| Shape: | Cylindrical Vertical
Roof Type: Floating Roof
C i i Steel
| Volume: | 22284 m3*
Height: 14011 m*
Diameter: 45m
| HID Ratio: 03114 m/m*
Fill Level: 85 %v¥
Substances
No Sub

1. Naphtha (CAS: 8030-30-6)
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Kocaeli Earthquake Single Plan

2012/08/28 13:11:13

Type:

Private

Hazard Information

Hazard:

Kocaeli Earthquake, 1999/08/1

Hazard Map:

ShakeMap (XML, Gzipped), 20C

Facility Information

| Facility:

A Power Plant, Turke

Damage Estimation

Damage Classification:

Flexible fragility curve selection: | Yes

Facilities

1. EErEa =u. Power Plant, Turkey



Create Risk Assessment

Mame: |Near the East Cost of Honshu, Japan, 2012/01/28

Hazard Information

Hazard: Near the East Coast of Honshu, Japan, 2012/01/28 *

Hazard Map: | ShakeMap (XML, Gzipped), 2012/01/28 00:42:19 |

Industrial Plant Information

Industrial Plant: Plants within the cutoff distance

Cutoff Distance: * km

) Exclude plants without units

Risk Assessment

Damage Classification: \ - Auto - W

[#| Flexible fragility curve selection

] Use private property estimators

Risk Assessment Parameters

1. Parameter: | Ambient Temperature v [* value:z0

2. Parameter: | Topography v |* valueUrban v [*

3. Parameter: |RMP Scenario v |* Value:| Worst-case ¥ |*

Notes

|§* Unit:E

Japan Earchguake cccurred on 2012/01/728.

hutomated natech risk assessment for Hear the East Cost of Honshu,

@

Data Protection

=y (2} + By § orz! e
+ = %% ) q%@;’@f %P"Pfan " g3k WQ‘E"1 Map | Satellite
- o , a <
1 ,r%g& gz S —pursa % %g,"::l Ns'mk,(m:rfg
=, [l = : d
P H % gemal
& ElagGenel Maa Elsktik ;?( C"e,:%"\gf & 2 ?—, . ygh Lale SK Lﬂ% Giidey, &
= | 3 (relim AS Ambarh & 5y & 81! ong ‘%E & Ca
| Fuel Oil DeEaic S 3 @ &
| m‘é‘ n:;n.;zgiu?mﬂsammh o0 SK . 23% % § ?
C7] _\)\fﬂ 5 Sade Zru Lop g o
& =) Tral Ve Atml Re Ko
& pasa Gd 5 g, @ of
£ N Ama gl |8 5
- i}
i 3 e 2
*, b o & Mj@* EC uc) I K
> e 3 g n & o £ Doy 8k £
)M, 2 N, 9 o s k) M
g4 ? 5, Teas, P %
g - JF Wl 7% o o e
N = 2 2o 9 W g
5 E . i 4 oSt
¢ @# E ) s 2 % & e BRG %
=5 *.”} o 2 @ § i e S & ‘C\k g{‘q, %
e g £ £ B = %, L‘Qg,"’»’}
B g g g
[ = 3 e ucy § o %
_E‘ €
¥ B EE
u
£
* acaale ¥
E’”'):'-‘,J"- Map data ©2012 Basarsoft - Temms 5 Use IT
Name: Kocaeli Earthquake Single Plant
Date: 2012/08/28 13:11:13
Type: Private

Hazard Information
Hazard:

Hazard Map:

Facility Information
Facility:

Damage Estimation

Damage Classification:

Kocaeli Earthquake, 1999/08/17
ShakeMap (XML, Gzipped), 2008/11/09 03:19:14

| Power Plant, Turkey

Auto

Flexible fragility curve selection: | Yes

Facilities

1. Power Plant, Turkey

No Process Unit

Hazard Parameters Fragility Curve Damage Estimate

Damage Parameters End-point Distance |

1. Storage Tank (T—STR)*
[Gasalineg]

PGA: 18.777 %g;
EMS: Slightly
damaging;

MM: Strong;
MSK: Strong;
MMI: 5.4866;

de: 101.38 km;
dp: 102.79 km;
PGAR: 74.415 cm/s2;
PGV: 15.573 cm/s
<«

0S00-F50-G = D52: 4.0546%

= DS3: 0.004631%

= DS4: Very low

Fire/Explasion Event: Vapor Cloud
Explosion; Qinvelved: 4250 ka;

fm, passive: 1; Pe, fire: 100%;

fv, involved: 10 %V; Vinvolved: 5.7432 m3;
P, release’ 30%; fyielg: 0.1; RMP
Scenario: Worst-case; tralease: 10 min;
Orelease’ 425 ka/min;

Qreleased: 4250 kg; Aggol: 6146.1 ft2;
Npoal: 1 0M; Grelease, ri 425 kg/min;

Ta: 1; R: 0.4; gg: 5000 W/m2; texp: 40 5;
Dt: 342 TDU; de: 270.58 m;

Qfuel: 4250 kg; Pdamage: 4.0546%,;
Pratech: 4.0546% ¢

271 m: 4.0546% ‘

Fire/Explosion Event: Vapor Cloud
Explosion; Qinvolved: 8500 kg »*

341 m: 0.004631%




Natural Hazard

o Istanbul Earthquake

e Scenario
e JICA (2002) Model A

e Epicenter
* 40° 45.00'N 29° 24.00'E
* Focal depth 10 km

e Fault
e Fault length 154 km
o Strike-slip

e Magnitude
e Mw 7.5
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Industrial Plant
 Located in Izmit Bay
e Fiber production
e 315,000 ton/year capacity
2 v \ 2 sy g Albanadir Sile
L Gatalca Hadimkdy 'N.|erke.z :MJ, Agva
>~ ; \v Cebeci $I$Il+-' K 2 Eredler Merkez Mh.
livri Alkent 2000 Esenler Besiktas Me?&ezflhv‘h X ;
e s Ak
Tepecik Aveilar sta ﬁblﬂ A i : Gaov
\ Maltepe,
Istanbul
Blyiikada -
{ Gebze
mm \ﬁga"""e$‘|<’esff§;_—rlzﬁw‘it
@ Atnova Hgizin Golcik g,
Ginarcik Yalova {
gsenkoy Termal
- Bt =
Kessijake Orhangazi Emur i
w7 Lake |znik > {
w 1z6dk Golu M W

Joint
Research

Centre




European
Comm ssion

L ) . e B / R '
- r “'. N v
Kerosene 'h . 'Q' ;
5 ~
Jeow! e st ’

5
'.“«:

MG @ .

A
)




| S |
Flénima'ble:
Kerosene release -
2nd degree burns
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RAPID-N: Ongoing and future research

e Extension to other natural hazards and infrastructures
= Pipelines (ongoing), Floods (ongoing), Lightning (planned)

e Automated Natech damage and consequence estimation (Alert)
= Reporting to interested parties and authorities

e Cascading effects

e 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
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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
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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
Q enatech.jrc.ec.europa.eu

Contact: elisabeth.krausmann@ec.europa.eu
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