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T i i iT i i i•• Two tsunami scenario impacts at Two tsunami scenario impacts at 
refinery in northrefinery in north--eastern Sicily :eastern Sicily :refinery in northrefinery in north eastern Sicily : eastern Sicily : 
a)a)Tsunami triggered by MTsunami triggered by Mww 7.0 7.0 

th k l C V ti f ltth k l C V ti f ltearthquake along Capo Vaticano faultearthquake along Capo Vaticano fault
b)b)Tsunami triggered by landslide at Tsunami triggered by landslide at )) gg ygg y

StromboliStromboli

•• Modeling ith H Fl 2 singModeling ith H Fl 2 sing•• Modeling with HyFlux2 using Modeling with HyFlux2 using 
nested grid system (400mx400m to nested grid system (400mx400m to g y (g y (
100mx100m to 20mx20m to 100mx100m to 20mx20m to 
5mx5m)5mx5m)5mx5m)5mx5m)



Floor plan of the refineryFloor plan of the refineryFloor plan of the refineryFloor plan of the refinery



Location of 127 storage tanksLocation of 127 storage tanks



Tsunami impactsTsunami impactsTsunami impactsTsunami impacts
•• Flow velocities generally low (<1 m/s) Flow velocities generally low (<1 m/s) 

for Capo Vaticano (a), with some peaksfor Capo Vaticano (a), with some peaksfor Capo Vaticano (a), with some peaks for Capo Vaticano (a), with some peaks 
at 3at 3--4 m/s4 m/s
Fl l iti 1Fl l iti 1 2 8 / f St b li2 8 / f St b li•• Flow velocities 1Flow velocities 1-- 2.8 m/s for Stromboli 2.8 m/s for Stromboli 
(b), with peaks over 3.5 m/s(b), with peaks over 3.5 m/s

•• Max runup heights 1.3 m and 1.6 m, at Max runup heights 1.3 m and 1.6 m, at 
inland distances of 140 m and 160 minland distances of 140 m and 160 minland distances of 140 m and 160 m inland distances of 140 m and 160 m 
for a) and b) respectively. for a) and b) respectively. 



a.  Maximum water run-up for 
Capo Vaticano

b. Maximum water run-up for 
Stromboli



a. Distance to the sea of the 
maximum water run-up for 
C V ti

b. Distance to the sea of the 
maximum water run-up for 
St b liCapo Vaticano Stromboli



a) Maximum water velocity in 
the shoreline for Capo Vaticano

b) Maximum water velocity in the 
shoreline for Strombolithe shoreline for Capo Vaticano shoreline for Stromboli



Tsunami impactsTsunami impactsTsunami impactsTsunami impacts
•• Refinery port terminals subject to 2 m Refinery port terminals subject to 2 m 

height differential height differential gg
•• 18 storage tanks at refinery subject to 18 storage tanks at refinery subject to 

flooding; tanks near shore subject toflooding; tanks near shore subject toflooding; tanks near shore subject to flooding; tanks near shore subject to 
0.8 m inundation0.8 m inundation

•• Western section of refinery subject to Western section of refinery subject to 
higher flood depthshigher flood depthshigher flood depthshigher flood depths

•• Central section of refinery subject to Central section of refinery subject to 
hi h t fl l iti (hi h t fl l iti ( ))higher water flow velocities (higher water flow velocities (v)v)



St t k (d t ) d i t f l lStorage tanks (dots) and maximum water surface level

a. Maximum water surface level 
(zmax) for Capo Vaticano

b. Maximum water surface 
level (zmax) for Stromboli(zmax) for Capo Vaticano level (zmax) for Stromboli



Vulnerability AssessmentVulnerability AssessmentVulnerability AssessmentVulnerability Assessment
•• For low water flow velocities, damage to For low water flow velocities, damage to 

tanks likely due to buoyancy loads tanks likely due to buoyancy loads 
•• Low likelihood (< 5%) of hazmat release Low likelihood (< 5%) of hazmat release 

from pipes and flange connections due to from pipes and flange connections due to 
fl ti ff f ti ll f ll l t tfl ti ff f ti ll f ll l t tfloating off of partially full or almost empty floating off of partially full or almost empty 
pipelines and storage tanks/containerspipelines and storage tanks/containers
Hi h lik lih d f lt t i t i lHi h lik lih d f lt t i t i l•• High likelihood of salt water intrusion on low High likelihood of salt water intrusion on low 
lying equipment such as motors, pumps, lying equipment such as motors, pumps, 
electrical equipment and control panelselectrical equipment and control panelselectrical equipment and control panelselectrical equipment and control panels



Vulnerability analysisVulnerability analysisy yy y
Excerpt from table showing storage tank data, tsunami forces (fmax), 

and ratio of buoyancy force to dead weight of tank (Wv). y y g ( )



ffEstimated flood Estimated flood 
vulnerabilityvulnerabilityvulnerability vulnerability 
index (index) of  index (index) of  
t t k *t t k *storage tanks*storage tanks*

*Based on damage curves 
by Campedel et al. 2008y p



Vulnerability AssessmentVulnerability AssessmentVulnerability Assessment Vulnerability Assessment 
(cont.)(cont.)( )( )

•• Some damage to pipelines, warehouse and Some damage to pipelines, warehouse and 
ibl f i t f fl ti d b iibl f i t f fl ti d b ipumps possible from impact of floating debris pumps possible from impact of floating debris 

in central area of refinery near the shoreline in central area of refinery near the shoreline 
wherewhere v > 3 m/sv > 3 m/swhere where v > 3 m/sv > 3 m/s

•• Possible erosion and scour in this area could Possible erosion and scour in this area could 
undermine equipment foundations and pierundermine equipment foundations and pierundermine equipment foundations and pier undermine equipment foundations and pier 
pilespiles

•• At port terminalsAt port terminals differential between wavedifferential between wave•• At port terminalsAt port terminals differential between wave differential between wave 
crest and trough (crest and trough (almost 2 m) could result in almost 2 m) could result in 
breaking off of connected loading arms andbreaking off of connected loading arms andbreaking off of connected loading arms and breaking off of connected loading arms and 
possible spillspossible spills



Conclusions and recommendationsConclusions and recommendationsConclusions and recommendationsConclusions and recommendations
•• Low likelihood of damage to large storage Low likelihood of damage to large storage g g gg g g

tanks under the two tsunami scenariostanks under the two tsunami scenarios
•• Some likelihood of small oil and other chemicalSome likelihood of small oil and other chemicalSome likelihood of small oil and other chemical Some likelihood of small oil and other chemical 

spills from broken flanges and pipe spills from broken flanges and pipe 
connectionsconnectionsconnectionsconnections

•• Possible oil spills from loading/ unloading arms Possible oil spills from loading/ unloading arms 
at port terminals due to high wave differentialat port terminals due to high wave differentialat port terminals due to high wave differentialat port terminals due to high wave differential

•• Salt water intrusion on sensitive equipment Salt water intrusion on sensitive equipment 
t i d dt i d dmay cause extensive damage and cause may cause extensive damage and cause 

complete shutdown of plantcomplete shutdown of plant



Conclusions and recommendationsConclusions and recommendations
•• Risk reduction measures Risk reduction measures to reduce exposure and to reduce exposure and 

Conclusions and recommendationsConclusions and recommendations
pp

vulnerability of people and propertyvulnerability of people and property at the refinery at the refinery 
during a tsunami:during a tsunami:gg
–– construction of breakwalls or other external barriersconstruction of breakwalls or other external barriers
–– elevation of sensitive equipment above max flood heightelevation of sensitive equipment above max flood heightelevation of sensitive equipment above max flood heightelevation of sensitive equipment above max flood height
–– Insure that all equipment is properly anchored to resist Insure that all equipment is properly anchored to resist 

possible buoyant forcespossible buoyant forcesp yp y
–– as much as possible secure free standing equipment to as much as possible secure free standing equipment to 

insure they do not become water borne during a tsunamiinsure they do not become water borne during a tsunami
–– Establish a Establish a tsunami monitoring and warning system tsunami monitoring and warning system 

accompanied with proper emergency procedures, drills accompanied with proper emergency procedures, drills 
d i id i iand trainingand training
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