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il oduction

> Ac anglng cllmate and extreme weather
EVE nts POSE major challenges

- entlfylng how these changes will affect
e Industry is vital to its security and
rellablllty

= * Sector is extremely complex and
Interlinked

* |mpacts likely to have ripple effects
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SIURIlcENE safety and environmentel s
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EEESNIOIM extremeNyeatherr EVents

S=XAENal Nazards not generally factored: In
PIOCESS| safiety analysis, industrial risk
ZSsEssMents and emergency response

= 12ns

= —*'—Nlost risk assessment requirements

concern Individual infrastructures and
rarely includes systemic risks

e Potential for chemical releases and oll
spills remain and may Increase




Baemeweather induced . chemmicaliss

EIEZSES and 0|I spllls
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o simultaneous

— multiple releases

== natural disaster

—— technological disaster

2 E< me event

“R esponse efforts

o Lifelines and . mitigation
safety systems — Iesponse
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*Sengul, H.; N. Santella; L. J. Steinberg; A. M. Cruz (2010).




Weather-related hazardous materials releases and
oils spills in the U.S. (1990-2008 )™

o

*Sengul, H.; N. Santella; L. J. Steinberg; A. M.
Cruz (2010). Occurrence of Hazardous Material
Releases Due to Natural Hazards in the U.S.
Submitted to Journal of Disaster Studies, Policy
and Management.
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Extreme weather event/

Or other natural hazard
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INDUSTRIAL FACILITIES LIFELINES COMMUNITY

(HAZMAT CONTAINING VESSELS, |4 >
PIPELINES, ONSITE LIFELINES)
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EMERGENCY RESPONSE
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*Steinberg and Cruz (2010)
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The challenges for
the oil and gas
sector in addressing
climate issues will
vary depending on
location
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- rJorr Stomajorfacilities (Ce:0.,, Ras dianure,

SetiMArabia; Jamnagar, India; Jurong Island
Re'f_ Singapore; Rotterdam Refinery and
m?f installations in the Niger Delta)

eresion

® Changing precipitation patterns and
population growth will affect water supply
regimes
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SHENUESTN ambient temperatilie:

> Chizf) gIREMERpPEaitES anaNVeather
Ocl££_"‘ may/’ lead torWater scarcity and
rwr s lIgher water costs.

| S ectlng energy production, water and
__-”mater cooling requirements for refining,

~ transportation, storage and distribution,
and water discharge requirements In
extraction and production
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- Jm lioportionate Warmlng wWill-ailifect

TR jm—.

EXAlecuion and produclion
F\JFT; 1 already 3°C increase
eductlon In sea ice may lead to

creased off-shore olil exploration
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-_ - 1\/Ie|t|ng of permafrost can severely affect
the Integrity of oil and gas extraction and
transportation infrastructure

» North Sea may see stronger storms




BESHEUIT* Coasty, Guliref Mexicor

- Mo”? freguent coastal flooding or
BElManent inundation due to rising sea
els (hlgher sea level rise than any other

-l—'"_--"_

= 1\/Iore freguent extreme weather events

~e Extreme weather events have already
caused unprecedented damage and losses




Hficanessatrinarand Rita impacts
SIIROIIFEINC gaSUROLISTY s g

> 7 O( ( 5000 glztifgrrrls eiifeeise

> 188 0|I anadl gas effishere platforms
Cof ;__pletely destroyea

B Elndreds of miles of oil and gas

il
e
s

—--.-.*p|pellnes were displaced or broken
(iInland" and offshore)

° |n Eeb 2006 over 46 9% still shut down

Source: Cruz, A. M. and E. Krausmann (2008). Damage to offshore oil and gas
facilities following hurricanes Katrina and Rita: An overview. Journal of Loss
Prevention in the Process Inadustries, 21 (6), 620—626.










~rlle s AUMDEr of spIlls
® Enterprlses Venice, LA — 85 0/00)

e Oll [eledoU

~d ol ~7 d s

Ml phy Oll releases 8000 bs affectmg
QO nemes (cost: $330 million class
tlon settlement)

——

ﬁm_:zOver 200 releases from onshore

-l—'"_--"_

fac:llltles and 400 from offshore
operatlons

® Ol spills totaled over 30.2 million It.

Source: Cruz, A. M. and E. Krausmann (2009). Hazardous-materials releases from
offshore oil and gas facilities and emergency response following Hurricanes Katrina
and Rita. Journal of Loss Prevention in the Process Industries, 22(1), 59-65.







diectediresidential areas s

Oil sheen in flood waters
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i Hurricane Katrina
. Chalmette

= T T

Over 1800 homes affected resulting in class action
Settlement.for
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2 Mtes of major oill and gas Infrastructure
Joc;: A" areas subject to environmental
2 diclimate changes

2 Vilnerabi ity to storms, tornadoes, high
—Wwinds, lightening, storm surge, flooding,
and landslides

* More freguent severe episodes with
Increasing global temperatures
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Syeeavy. rains aneghieorssss
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CHTH"‘L: medelNilinsynceRciusiEWIth
gﬁ PECT 10 pPrecipitation

o rms and extreme rainfall events with
r_e tentiall for flooding may be more likely

':%Areas Where storms & flooding are already

-l—'"_--"_
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= a concern, conditions could deteriorate

~® Increased rainfall could lead to more rapid
deterioration of infrastructure, raising
costs




Sie m"s?fd heavy rain fall
Will fas) et deliven andrdistribution

JJerere AtoN o roads and railfinfrastructure
WIIRENECE product delivery and distribution

- rJOF |ng can cause land subsidence and
— he 2ave ofi embankments

"‘“Accelerated deterioration of transportation

~ structures may occur where precipitation
events and freeze-thaw cycles become more
frequent, and In areas that experience acid
rain” (U.S. CCSP report 2008).
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ROL0S andrailwayss
VIHEEion andsadaption measuires
[T [T [T — N—

—

Jrrr@ rovements A engineering design and
rr structron methods and materials

= egular maintenance and monitoring
— infrastructure conditions

- » Planning and preparing for service delays
oI cancellations
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> Flood digzigisgsplaives
'JEE'J'G e rise
r\ccgu Wt for 34% of all
vvg - ‘patural disasters

E-*amhtleS located in river
" basins and near large

. Damage to oil and gas pipelines
walter bodies may be el o
subject to flood loads




..I.oads Include:

Stanlinepernsiowlyaneyingavaterloads,
'JLL antleads; leads due to fast meving

v\/:E y Breaking wave loads, and impact
dlng (debris)

|gher water velocities and higher water
depths Increase flood loads

~® Eood loads can damage pipelines,
buildings, steel structures, storage tanks,

and roads, railways and bridges
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Aes vulnerable terfleods

2EranErSEEsStNIIEtoEre treSPeItIng
gas

M jO I

pipelines are buried underground

=== ay 9e vVulnerable to flooding in areas of

°]*T|gh water velocities which cause soll erosion
and lead to exposure

® EXposed sections such as valves, pump
stations, and river crossings more vulnerable




SEIACINGO RIVEN Flood

HEUston, TX, 1994

SESEVEreNiopdingMestitedN i EipIpelines
ot res and undermining of 29 others

IEIRAL FIVEN crossings and new channels
ated In the flood plain

- r
-

. _ ore than 35000 barrels of oll were

= Ignition of the released products within
flooded residential areas resulted in minor
burns and inhalation injuries to 547
people, and over US$23 million in losses.
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sElieyVille Refinery.
@ ueevnle Kansas 2007

IR i —

rJO(‘? ed reflnery resulted In the spilll of an
mated 40,000 gallons of crude oll

- c 'spilll flowed into streets, homes and

f-usmesses affecting some 2,500 homes

i | —
-l—"_ _--"_

~and buildings

& Contaminated the Verdigris River, and
threatened to contaminate lakes In
Oklahoma
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- rJor 0 electrlcal equment and utilities

- J_g_n..; Slort circuiting or power failure
;L’_]Iting N process upsets, unexpected

Schtitdewn

' Hoodmg around storage tanks can make
~ them float off their foundations

® |nternal drainage systems containing
waste oil can flood, causing oll to float up
and out of the drainage system




S TeHneny in I\/Iohammedla
VIEIOCCO, 20025 ~

S BpningpefithesEllValehiRiver resultediin
Weleirlevels of about 1.5 m inside the
EHNED)

IBo0ed internal oil drainage system

dt fire and triggered explosions

people died and over 70% of the
thermo-electric power plant that was part
of the refinery complex was destroyed

Source: Krausmann, E., and F. Mushtaqg (2008). A qualitative Natech damage scale
for the impact of floods on selected industrial facilities. Natural Hazards (2008) 46
(2), 179-197.
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mey mclude ——
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Jike-a ssessment of flood prone Z0nes
Jdlng puIlding In flood-prone areas
\j\,. preofing (buildings, equipment)

B doption of slowing, steering and blocking

= .

-7-'- = Water technigues

~® Elevation of buildings or building
components above the 100-yr flood
contour level can protect building
functionality and contents
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SEHIOTY B EVVOIHAS

Mo*i Beveloped countres limiit 61 prohibit

IR ————— i

Lopment I the 100-year flood" plain
- I_a,\_)g generally apply tor new construction
- hging precipitation patterns and more

= fequent extreme rain fall events may result in

;._%100 VI flood events that occur more often

== New developments should include flood hazard
~ assessments that consider environmental

changes In the coming decades due to climate
change




Troglecligye ol

L

oliginate over warm waters of the North
r\rk @cean, the Caribbean Sea, and
G 0 f e Mexico; and In the Central,

.u-* astern and South Pacific Oceans

wmd Speeds and heavier preC|p|tat|on

e Future storms such as Hurricanes Katrina
and Rita are very likely
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pIgICENES and typnoons are

SEIgiCarly destitctive:

i
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L .r' storms, with impact radii of as much
ru\- 500 km, although damaging winds
==tk uaIIy limited to a 100-km radius

:?‘Accompanled by high wind speeds,
: tornadoes, heavy rains, storm surge,
fleoding, and lightning




-ricMéatrina, 20/0]5 -

IMAGERY COURTESY: CIMSS/SSEC
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Mm damage bundlngs and structures by

Ilng eguipment, processing units or

:'_age tanks, and dislodging roofs
EEPTOtruding parts such as rails, piping and
;__:::--: cannectlons between storage and process

~ Units vulnerable to high wind speeds

® Projectiles can damage equipment, break
pipes and connections, and puncture tanks




Hurricane Georges in 1998, Pascagoula, MS

Salt-water
Intrusion on
control panel

a tank farm

Control center &
moved by
storm surge

Tornado damages
cooling tower

(*Cruz et al., Natural Hazards Review, 2001)
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 liorTe ntlal lain faII (even Cat. 1 & 2) can
calise inland flooding and landslides (e.g.
1\/ teh in Honduras; Irene in Florida, 1998)

—_—

= Heavy, rains and flooding can cause major

""dlsruptlon and damage to oil and gas
inland extraction, transportation, refining,
and delivery
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SigisuIrge and coastal ey

S Storm) Uiiee.aneL high. Winds: can. affect
Offsf1o & 0|I and gas operations, vessel
anl ¢ lpellnes

va lAUndation and underwater wave
@ads can severely compromise structural

= _mtegrlty of platforms

eDamage to host platform or its risers,
and the Impact of dragging objects
damage pipelines
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PDailage to monilie C oIré @ C
NS (VIO
Hur;icane Number of MODUs
(Mobile offshore drilling unit-MODU)
Andrew 3
Lili 1
lvan S
Katrina 6
Rita 13
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o Sjic LOf] urge can calse apnormal rise n water
=) eJ of canals, lakes, and rivers connected to

;'r.he_
o |e mg te'inland flooding
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C’aﬂ disrupt river and canal navigation
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Lake Pontchartrain
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r\\/g]@"' g ouidinannTcoastalareas S stiject
ieoRtfcane Impacts
r\r pt fleed and storm surge protection

— neasures to slow, block, and/or steer
-: :—Water away from critical infrastructure

~ s Revise building code requirements, storm
surge and flood load requirements, and
wind loads for onshore refinery steel
structures and buildings
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SEVE| ate adequacy Of design standards of
OI_£_> platfoerms, mooring systems for
mebile rigs and pipe-laying

__erformance of MODUs can be improved

if"’ With 1ncrease in no. of lines, upgrading
materials and chain mechanisms,
Upgrading anchors, and better site

planning and mooring analysis




VB and downstieamioil.and . gas industny
2EUVitiEsTVulnerable to lightning Impact
BE=YPENENCE shiows that existing) lightning-

PliGLECtioN measures, such as e.g.

&= rounding of equipment or the installation

T i
——

= 0of lightning rods or circuit breakers, may

Aot be sufficient

® Poses a safety risk due to the possible fire,
explosion and release of hazardous
materials




PNCEIICALISE DOWET SUINJES, Process Upsets,
:.r"& INPOWEN Tailure

- | L, 1ning tends to strike tallest structures

= (erg., vents, roofs, stacks, towers)

..-- -".:ll.n._-:--—

:f *Frequency of lightning events expected {0

ncrease with the predicted rise In
freguency/ intensity of meteorological
hazards




MITE tlon and adaptation: -

e SUFGS

BBEVelopment of methodology for the
2\f) ly5|s O lightning risk at industrial
'_ zle silities

MViore research into the dynamics of the

".b.l._

- —
-—ll- -
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|mpact of lightning on egquipment Is
reguired to guarantee sufficient protection
of oll'and gas Infrastructures from lighting

strikes In the future
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S challenges

]\/IIJL S eetna nirastructure butwhen
Jmc Ol climate change were not yet
erstood thus not factored In

| ge nvestment needed to bring
Sifrastructure to new requirements

""'4 Avestment needed for new development

~ & How toInsure that the new infrastructures
Incorporate the likely effects of
environmental change, particularly in
areas where there Is high uncertainty




SIGONCILSIONS, —

2 OH;-:- gas extraction,, transpoertation; refining,

e REElIVEIN SUDJECT tor Climate Impacts
=BGIlties subject to extreme weather events

st vilnerable

J fiorr comprehensive risk assessment and
= dnalysis framework

s

= '_"'L; Some mitigation and adaptation options will
rfeguire large investments to upgrade facilities

e Adeguate contingency planning and emergency
response and recovery will be essential to insure

business continuity
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