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Abstract:

This large spreadsheet contains the details regarding each hazard and associated methodology and how it was
assessed in phase 1. This spreadsheet is the repository of detailed knowledge from phase 1. It is included as a
print as an appendix to the main report, but it is provided separately in its own right to aid its use and
understanding.

Context:

The Natural Hazards Review project will develop a framework and best practice approach to characterise natural
hazards and seek to improve methodologies where current approaches are inefficient. This is to improve energy
system infrastructure design and the project is intended to share knowledge of natural hazards across sectors.
The project will be completed in three stages. Phase one will focus on a gap analysis. Phase two will look at
developing a series of improved methodologies from the gaps identified in phase one, and phase three will
demonstrate how to apply these methodologies. Finally, phase 3 will develop a “how to” guide for use by project
engineers.

Disclaimer:

The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for
Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed
‘as is’ and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information
to the maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and
shall not be liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any
direct, indirect, special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated
profits, and lost business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding
any statement to the contrary contained on the face of this document, the Energy Technologies Institute confirms that the authors of the
document have consented to its publication by the Energy Technologies Institute.
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Wind gonerated vaves (longor o
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Tsunami X x X x
Extreme lowsea level X x X x
CHyarological, Hydrogeological Fiver lood X x X x
CHydrological, Hydrogeological  Flood due fodam failure  x X x
CHyarological, Hydrogeological Drought X x X x
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 ectromagnet pazara | SPACC weather (ncluding solar N
F-Bectromagnetic Hazard Hares, Natural EVP)
F-Bectromagnetic Hazard Solar v x
G-Combinations Hazard Combinations x X x
HOter Forest fre
HOter Meteorito impact xoxox
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(1) Staionary EVA; (2) scl, ot acapod ot shot s,

Very uncertain and inked to the
wind ovoluion, very variable across

extroms wind as input 10 103 (2) Depending on the
methodology used for the wind

xsung
very accurate in their predicton of
water levels from sunami

Enbanced TUNAM model usedby  MUndaIn. Howeer, i s very

Yes - rising sea levels will enhance

AR Reporton threat posed by

and
e UKoy EPPA 1] 26556 of e g it

rain model bathymet
Vaicatons basaton ikt mensueed
fer velociies are i

(1), 2) Huge icBHEites ave o e
smallamourt of data at the local
(1) stationary EVA - Direct Wethod;  scal, ot adapted fo short seies,

n

Upto 103, not valid forsies wih
vt rann
1) Huge uncertainties due fo the
Smallamount of data atthe local
le. ot adapted for shortseries,

(1) EVA, (2) Coupled Global

Tounani hazard, o
baselne sea water level

Y

Numerical Weat

[19] Hyrological and run ofi up t0 10-3, notvald for sites wih

evenls. Sea levelise wil affect the

@

f tivers making

Approach the hyrologicalcycle and the
amosphere

Hycraulc modeling of the flood

However,
corseavencs o ammeang o cEimaioncl th robabity of

flooding of the
diferentiate between change and PO 104
‘annual variabity (LKCR09 [12])
Un deof sea  floocing of the
level ises. pltform 104 *
water niake
acces to cooing
ater, 1
Alinsurable
property nes of
usiness can be
Un how cimate change effectod by river
wil effect ranfall patterns. Very. x flooding athough
local offect damage tends o

ground floors and
basemenis

Uncertaity from dependence on

Huge uncertainties due o the sl
amount of data at the local scale, not
adaptod for short seres, does not
use physical knowledge

Statonary EVA

hydrogeclogical modiling

couping fandside and hydrodynamic.
atthis continental scales.

ol
somms o bo very complex and time Unprecctatle
consuming for the moment
Jonal Ucean ol System

Hegi
General Lengih Scale Appmabh

‘and magnitude of extreme
precipiation events [29]

(ator avlitycecroases) (120
1 ABA); Projected ncreased

lvaquurmy of extremly dry summers.

4
Potenaly yos, dus to the potertial
ncrease in exreme ainfal,
How ever the Irk batw oen exireme
aintall and extreme ground water
level may be inpacted by other

Likely (Tab -1
confidence due to low resoluton of
projection modes [14];local and

gional ffects

ec d
hunidity temperature - hard to
unt for
topography/vegetation/sol propertis

Tianspor: A Frocess Orrio
Nmorial St 0 amounts or oara (spaai ana

Spat Dotvbion Anasis (71 el dsion o s,
tirrez, AH. Cooper, KS.

n sediment yield due to rainfal

account for teporal/ spatial

funolt [31]

Potentaly yes, dus to changes in
, fal, there could b

hnson, "entfication, predic »
andrate  landsides. Landsick "
evaport karst as past activiy. Areas of low  trigerred by exireme or long duration
aroas’, 2008) ety monkorng wilnrave raintal, 35].
voleanic
ash dispersion of the return period of th extraction
as there are
) tectoric best pracice. A large i
review (2) Seismic source model  on sufably qualfied and experienced
‘Ground motion
(4) Hazard

Jculatons. (5) b UK there are
» subjoctive. Unt
covered by expert liciation and

1o derive hazard. (6) Probabiistc

taily dible and

backed up by
S LSRples By L Reing

bioogical behavior, hycrodynanics,

nialy

NG Predicton and control site dependent; (2) Huge

fent h @
increasing of merine species du fo
the

1) EF

techniques (2) Stationary EVA
of data at the local scale, not

adaptod for short seres, does not

Peakore resol S s
(CLIMAX GL) provide fluence
e tor e periods up o

10,000y7 rp. use physical knowledge, up fo 10-3

Huge uncertainties due o the sl

Simulatons run nfabs are
dependent on using a variety of
Jamps to provide simiar UV exposure

Laboratory testing of panels  fromthe sun. Potentialimpacs listed

]

vorenuay yes, cnanges n e uv
wil depend on several factors.
ncluding relative huridty (the
‘ange of which i exiremely

tothe y not be directly from
N oxposure bt 6 it o

separate these.
ptform ik ean bo uanified for
alocaion or mulipl locatons
across mulipl perls; (2) Geospatial
studes - can use shapefies to
 unmodeled

ks 0.9 sinkholes, w here.
accumwlaiing locations witin these
shapefies aids inthe
quantfication/dentfication of
potenial s

Probabilsic Monte-Carlo simwaiion
approach deriving a stochastic

o much, except over
continentalland areas where water

Potenaly yos, depencing on the
single hazards nvolved

of water inake by
sand

catalogue of paramters from

Yes - warmer and

0]

scientiicaly adusted istorical
ditribuions.

o o gy o

meteorie impact causing Tsur

HPCis caloulated nearly maa xno
of occurrences. ); Estivated

(2) SDSS s stll now and need
improvements, designed for poteriial
aiven

(2) Spacial
Decision Support System
architecturs (not very mature

trom
hiting the ocean (tsunami [24]

Very dependent on clivate change _blockage of ai
eifects on preciptation, wind, and _ fietrs by volcanic
tomperature, varies by location 271 ash. 10-4
Alinsurable
property nes of
structuralintogriy x x ess car
eifectedby
earthquake
water niake
Uncertain - ongoing data collan  acces fo cooling
sessment water
Transission
electronic conirol ystom, eloctric
control systons)
Very Uncertain
depending on the
Uneertain conbination
Uncertainty from dependence on Allinsurable
property nes of
variatio n other contributing factors. x usiness can be
(ex. Rolative humicy), and spatal effected by forest
variation [30] e
causedby
teorte impact

of the platiorm, 10.
7

impact on waves
energy farms,
offshore wind
power, 50y return
period

2., Nuclear 7]

techniques across NG fleet
embedded info saely cases and
covered under

EDF NG Safety Cases and PSR AR
400 series cccupancy coding using

Numerical mx
Regional Frequency Analysis

Very limited vaiidation data avaiable
for inand flows and limitsc

Modeis require valdation for use n

wind power, 5oy

Placoment, construction and impacts

eturn period

stabity of the plle
foroffshore wind

P L Food  simuation. Trends understanding of the forces on
DEFRA) Feport: for dus o flow . Poor
Realsic Disastor Sconarios; APIST g i

offlood defenses could be better
understood

The UK, Study Commissioned by
Deira Fiood Management, 2005

Stuclies for NP along France and UK.

horeine

e p——
ricfor assessing

uncertainty in flvial flood risk

ceris oo cong Ncreasingresoluion of gl terrain

operaton guice (C889)); Models  rr 10 19 models and use of ower resolion,

damage
functons igher

Hand Lioyds synidcates must report

ork for assessing
uncertainty in flvia flood risk
mapping (721); Culvert design and
operation guide (CB8)):; BSIBS EN
12985

Sewers for adoplon; CFiA; APISTD
610 BSIBS EN 12285

Poiental impactof
landside on

affshore wind BsrB0i0
tams o siabiy
x APISTD 594; APISTD 600

SSHAC US guidance, Eurocodes.,
UBC'97, ASCE 498, BC 2000,

EDF NG Safety Cases and PSR

EDF NG Safety Cases and PSR

paleodata

Improvements o the deterrinistic

scouing of
foundatons and debris effects.

Placoment, construction and inpacts
of flood defenses could be better
understood

Lackcl upitacton et Understand locations wih
al maps quitacton potenial

Lackof UK ground motion prediction
equations - but due folow selsricty
ey o m e, Bl

dols uwsein
x Sovecy 1 i

AR coding
damage

European partners, but w ould not bo
y

must report exposure in relaton to
Realstic Disaster Sconarios, APt
STD S04, APISTDB00

Very ite specic guidance -
loadon offshore  overarching safely principles on
windfarms  maintaining cooling w ater avalabily.
Struciures  APISTD 594; AP STD 600; A
602 BS PDEOT0

BS61936;BS 7671

Solar - browing,
adhesion, and
debonding of
solar panels:

foroffshore wind,
f W sea combinaton in 1], ONR
wave, dos and  requirements inthe UK. [3],
s requirement, 4,5 and WEA
eturn period + requirements, 6-8]
margins

PR Tor Fre Hsk Assessmen,
Nodais require valdaion for use
Sowency L ), APISTD 54,

APISTD 600, APISTD607, EC
031, QG032 EO 600 it
n stan

functons

Studies across EDF NG fieet & gobal
Puclear

s spce wsstar st on
rod systems ant
aaticure,Foya Acadomy of
engincer (2013)

ool
constrain tal of the gutenberg-richier
relaionships. Use of next generation

ground at
oot
Lackol Nt s torrge
earthquakes in the UK ant
specific ground motion pvammmn
equations. Lack of understanding

Bter undarstanding of potental
range of ground motons for UK sites
would be desirable

Development of biclogical models,
hydrodynanics models, stochastic
models

Numerical modeling

struciures inthe UK

Lackof systematic understanding;
Jelyfish biooring phenomena not
eallyclear; Bifect of cimate change
on marin bcfouing; Aernaiives to
ehorination as sutable biofouing
conirol

Emerging sk, very lte know ledge

A gap exiss to confirmne exreme
emerging sk, very lte know ledge

B clctonsysars sganst e

Lackof robust methocology; Covers.



SOO®NO UM WN =

_ A a4
AW N =

15

23

24

25

26

27
28

29
30
31
32

IPCC terminology on likelihood of

References occurrence / outcome: (Tab IV-1
IAEA)

An International Design Standard for Offshore Wind Turbines: IEC 61400-3. 2005. Virtually certain
DNV OS 401 Extremely likely
ONR, T/AST/013, External Hazard, in Technical assessment guides. 2013. Very likely
WENRA, Safety Reference Levels, in Reactor Harmonization Working Group Reports. 2008. Likely
WENRA, Safety of New NPP Designs, in Reactor Harmonization Working Group. 2013. More likely than not
IAEA, No.SSG-9, Seismic Hazards in Site Evaluation for Nuclear Installations, in Specific Safety Guide 2010. About as likely as not
IAEA, No.SSG-18, Meteorological and Hydrological Hazard in site evaluation for Nuclear Installation. 2011, IAEA. Less likely than not
IAEA, No. SSG-21, Volcanic Hazards in Site Evaluation for Nuclear Installations. 2012. Unlikely
Garrad Hassan GHGL Very unlikely
Burton, I., Robert W. Kates and Gilbert F. White. The Environment as Hazard (New York: Oxford University Press, 1978). Extremely unlikely

Laugel, A. A comparison of dynamical and statistical downscaling methods for regional wave climate projections along French
coastlines. 2013.

UK Climate Projections 2009, UKCP09

Intergovernmental Panel on Climate Change. Summary for Policymakers in Climate Change 2013: The Physical Science Basis,
Fifth Assessment Report. IPCC AR5, 2013.

Met Office. Too Hot, Too Cold, Too Wet, Too Dry: Drivers and impacts of seasonal weather in the UK. 2014.

Jones, M., Fowler, H., Kilsby, C., Blenkinsop, S. An assessment of changes in seasonal and annual extreme rainfall in the UK
between 1961 and 2009. 2012.

Projected changes in hailstorms during the 21st century over the UK, M. G. Sanderson1,*, W. H. H, International journal of
climatolo

IPCC repg¥t “Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation”, http://www.ipcc-
wg2.gov/SREX/)

DEFRA, 2005. The threat posed by tsunami to the UK
http://archive.defra.gov.uk/environment/flooding/documents/risk/tsunami05.pdf

CCSM3.0 Community Atmosphere Model

Mahdyiar et al., 2010

Peng et al., 2004

Vaughan, D.G. et al. 2013: Observations: Cryosphere. In: Climate Change 2013: The Physical Science Basis. Contribution of
Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change

Collins, M. et al. 2013: Long-term Climate Change: Projections, Commitments and Irreversibility. In: Climate Change 2013: The
Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change

E. Garbonlino and P. Michel. Proposal of a Spatial Decision Support System architecture to estimate the consequences and costs
of small meteorites impacts. 2011, NHESS Journal

Met Office, Future changes in lightning from the UKCP09 ensemble of regional climate model projections (UKCP09 Technical
Note) 2010

J. Brown, B. Smith, and A. Ahmadia. Achieving textbook multigride efficiency for hydrostatic ice sheet flow. Submitted to SIAM J.
Sci. Comput. 2011.

Bao Yang et al. Dust storm frequency and its relation to climate changes in Northern China during the past 1000 years. 2007.
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