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* Introduction
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» Observations, measurements techniques and modelling tools

* Methodologies

* Related phenomena; seismicity, volcanicity, geological instability
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* Emerging trends
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hazards and seek to improve methodologies where current approaches are inefficient. This is to improve energy
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This  document forms part of the Energy Technologies Institute (ETI) project ‘'low Carbon
Flectricity Generation Technologies: Review of Natural Hazards', funded by the ETl and led in
delivery by the EDF Energy R&D UK Cenire. The aim of the project has been to develop a consisfent
methodology for the characterisation of natural hazards, and fo produce a high-quality peerreviewed
sef of documents suitable for use across the energy indusiry fo befter understand the impact that
natural hazards may have on new and existing infrastructure. This work is seen as vital given the
drive fo build new energy infrastruciure and extend the life of current assets against the backdrop
of increased exposure to a variely of natural hazards and the potential impact that climate change may

have on the magnitude and frequency of these hazards.

The first edition of Enabling Resilient UK Energy Infrastructure:  Natural Hazard ~ Characterisation
Jechnical Volumes and Case Studies has been funded by the ETI and authored by EDF Energy
R&D UK Centre, with the Met Office and Mott MacDonald Limited. The ETI was active from 2007
to 2019, but fo make the project outputs availoble tfo indusiry, organisations and individuals,
the ETI has provided a licence to the Institution of Mechanical Engineers and Institution of Chemical Engineers
to exploit the intellectual property. This enables these organisations fo make these documents available and also

update them as deemed appropriate.

The technical volumes outline the latest science in the field of natural hazard characterisation
and are supported by case sfudies that illusirate how these approaches can be used fo better understand
the risks posed to UK infrastructure projects. The documents presented are split info a sef of eleven fechnical

volumes and five case studies.

Fach fechnical volume aims fo provide an overview of the latest science available fo characterise the natural
hazard under consideration within the specific volume. This includes o description of the phenomena
related fo a natural hazard, the data and methodologies that can be used to characterise the hazard,
the regulatory context and emerging frends. These documents are aimed at the technical enduser
with some prior knowledge of natural hazards and their pofential impacts on infrastructure,
who wishes to know more about the natural hazards and the methods that lie behind the
values that are offen quoted in guideline and sfandards documents. The volumes are not infended
fo be exhaustive and it is acknowledged that other approaches may be available to characterise a
hazard. It has also not been the intention of the project fo produce a set of sfandard engineering
‘quidelines’ [i.e. a stepbystep 'how to' guide for each hazard) since the specific hazards and levels
of interest will vary widely depending on the infrastructure being built and where it is being built.
For any energyelated projects affected by natural hazards, it is recommended that additional site-

and infrastructure-specific analyses be undertaken by professionals. However, the approaches outlined
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aim fo provide a summary of methods available for each hazard across the energy industry.
General advice on regulation and emerging frends are provided for each hazard as context, but
again it is advised that end-users invesfigate in further defail for the latest developments relating to the

hazard, fechnology, project and site of inferest.

The case studies aim o illustrate how the approaches outlined in the technical volumes could be applied
at a sife to characterise a specific sef of natural hazards. These documents are aimed at the less fechnical
enduser who wants an illustration of the facfors that need fo be accounted for when characterising
natural hazards af a site where there is new or existing infrastructure. The case sfudies have been chosen
fo illustrate several different locations around the UK with different types of site (e.g. offshore, onshore coastal
site, onshore river site, efc.). Each of the natural hazards developed in the volumes has been illustrated
for at least one of the case study locations. For the sake of expediency, only a small subset of all hazards
has been illustrated at each site. However, it is noted that each case study site would require additional
analysis for other natural hazards. Each case study should be seen as illusirative of the methods
outlined in the technical volumes aond the values derived at any site should not be directly
used fo provide site-specific values for any type of safety analysis. It is a project recommendation that
detailed site-specific analysis should be undertaken by professionals when analysing the safety and
operational performance of new or existing infrastructure. The case studies seek only to provide engineers and

end-users with a better understanding of this type of analysis.

Whilst the requirements of specific legislation for a sub-sector of energy industry (e.g. nuclear, offshore) will
toke precedence, as outlined above, a more rounded understanding of hazard characterisation can be
achieved by looking af the information provided in the technical volumes and case studies together. For the
less technical end-user this may involve sfarfing with a case study and then moving to the technical
volume for additional detail, whereas the more technical end-user may jump straight fo the volume and then
crossteference with the case study for an illustration of how to apply these methodologies at a specific

sife. The documents have been designed to fit fogether in either way and the choice is up fo the end-user.

The documents should be referenced in the following way [examples given for a technical volume and case

studly):

ETI. 2018. £nabling Resilient UK Energy Infrastructure: Natural Hazard Characterisation Technical Volumes
and Case Studies, Volume 1 — Introduction to the Technical Volumes and Case Studies. IMechE, IChemE.

ETI. 2018. £nabling Resilient UK Energy Infrastructure: Natural Hazard Characterisation Technical Volumes
and Case Studlies, Case Study 1 — Trawsfynydd. IMechE, IChemE.
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1.1 Seismicity

A seismic hazard is an earthquake-induced natural phenomenon, such as ground shaking,
soil liquefaction or a tsunami, that has the potfential to cause adverse effects on something
or someone. However, the term seismic hazard is also often used to describe risk, i.e. the
probability of exceedance of a ground motion infensity threshold, in a given geographic areq,

within a given period.

The UK is generally an area of low seismic activity. Seismic design may not be considered for
facilities that are classed of low imporfance by stakeholders, where safety or damage are not
critical, or the facilities,/contents are not considered sensitive to seismic vibrations. However,
small earthquakes occur on a regular basis (Figure 1) and certain structures (e.g. nuclear power
plants) require design to withstand earthquakes regardless of the perceived level of threat; this is
likely to involve sitespecific analyses, such as Probabilistic Seismic Hazard Assessment (PSHA.
The foreword to Eurocode BS EN 1998-1 Furocode 8 — Design of Structures for Earthquake
Resistance — General Rules, Seismic Actions and Rules for Buildings states 'There are generally
no requirements in the UK to consider seismic loading, and the whole of the UK may be
considered an area of very low seismicity in which the provisions of Eurocode EN 1998 need
not apply. However, certain types of structure, by reason of their function, location or form, may

warrant an explicit consideration of seismic actions’.

BS EN 1990 defines three consequence classes: CC1, CC2 and CC3 (Table 1). Consequence
Class CC1 is described as low consequence for loss of human life; economic, social or
environmental consequences small or negligible, e.g. agricultural buildings where people do
not normally enter. Consequence Class CC2 is described as medium consequence for loss of
human life; economic, social or environmental consequences considerable, e.g. residential or
office buildings where the consequences of failure are medium. Finally, Consequence Class
CC3is described as high consequence for loss of human life; economic, social or environmental
consequences very great, e.g. public buildings where consequences of failure are high. It is
recommended that structures with Consequence Class CC3 should be considered for seismic

design (PD 6698:2009 Recommendations for the Design of Structures for Earthquake Resistance
to BS EN 1998).
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Figure 1. Map showing the location of UK earthquakes since 1048 AD. (UK Historical Earthquake Database,
BGS (2018a], reproduced with the permission of the British Geological Survey © NERC. All rights reserved.)

Table 1. Extract from BS EN 1990 Table B1 showing definitions of consequence classes.

CC3 High consequence for loss of human  Grandstands, public buildings
life; economic, social or environmental  where consequences of failure are
consequences very great high (e.g. a concert hall)

CC2 Medium consequence for loss Residential and office buildings,
of human life; economic, social public buildings where
or environmental consequences consequences of failure are
considerable medium (e.g. a car park|

CCl Llow consequence for loss of human Agricultural buildings where people
life; economic, social or environmental  do not normally enter (e.g. storage
consequences small or negligible buildings, greenhouses)

Seismic design is therefore required for structures/facilities where:
e structural failure poses a large threat of death or injury, e.g. nuclear power plant;
® q structure forms a major part of national infrastructure, e.g. a major bridge;
® g failure of the structure would impede the regional and national ability to deal with a
disaster;
e the structure is supporting the strengthening or upgrading of a historic structure which

forms part of national heritage.
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1.2 Volcanicity
The UK is no longer volcanically active but remains subject to the influence of distant volcanic
eruptions due to atmospheric dispersion of airborne erupted fine particulates (ash), which may

remain in atmospheric suspension or be deposited at ground level.

This technical volume considers the potential for volcanic ash hazards associated with a volcanic
event: in the context of the UK, this includes the risk of:

* clogging of air and water intake, handling and filtration systems;

* adverse impact upon mechanical and electrical plant, including water treatment plant;

e flashover electrical short of power lines and transformers;

* impact upon external communication equipment;

® obscuring of road markings;

® increased corrosion of components;

® respiratory health impact.

The incidence and distribution of these hazards within the UK is primarily a function of the
occurrence of a volcanic event (within relative global proximity and of sufficient explosivity)
fo generate large volumes of fine ash projected into the upper atmosphere, together with a

sustained weather pattern permitting the transport of suspended ash over the UK.

The most recent nofable incidences are the eruption of the Icelandic volcanoes Grimsvétn in
2011 and Eyjafiallajokull in 2010; the latter causing major disruption to UK (and worldwide|
air traffic. Total losses have been calculated in the region of $5 billion (Oxford Economics,
2010). Although recording stations registered ash dust particles at ground level, no significant

adverse ground-level impacts were documented.

Historical records describe prolonged eruptions at the Icelandic Laki fissure and volcanically
associated Grimsvéin volcano from 1783 to 1784. This had the foremost impact on Iceland,
with significant loss of life due to direct and indirect causes. In Europe and North America there
was extreme and unusual weather for two to three years, with the ‘laki haze’ of fine ash and

sulphuric acid aerosol affecting the northern hemisphere for months.

Within the recent Holocene geological history of approximately 10,000 years, ash from
numerous volcanic eruptions in Iceland can be found in peat bogs and lake sediments across

Scotland and the rest of northern Europe.
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1.3 Geological instability

Geological instability, where there is a loss of ground support, may be caused by natural or
man-made hazards. The potential for geological instability is widespread within the UK, with o
consequent risk of:

* significant damage fo infrastructure, and associated plant and equipment;

® loss of serviceability, i.e. loss of, or reduction in, function;
o |oss of access routes external fo the infrastructure site;
[ ]

injury/death;

® requirement for future mitigation.

The character and magnitude of the ground movements, as well as the nature of the infrastructure
and ifs sensitivity fo movement, is of importance as it will determine the significance of the impact.
The utilisation of best practice design may provide sufficient mitigation for the development of

new infrastructure, but existing infrastructure may be vulnerable to prevailing conditions.

Geological instability may be broadly classified within the following categories:
* natural ground instability, e.g. landslides;
* natural ground movement, e.g. shrinkswell clays;

e man-made ground instability, e.g. mining.

The incidence and distribution of these hazards within the UK is primarily a function of the
underlying geology, but additional factors of influence include topography, weather, and human

activities including land use, construction and resource exploitation.

The British Geological Survey (BGS) reports that shrinking and swelling of the ground caused
by shrink-swell clays (offen reported as subsidence) is one of the most damaging geohazards
in Great Britain today, costing the economy an estimated £3 billion over the past decade.
Llandslides — the movement of rock, earth, or debris down a sloped section of land — although
not having the same financial cumulative impact, have individually had significant adverse
impacts with loss of life or loss of key access routes. The most notable landslide disaster in
living memory occurred in 1966 with the Aberfan colliery spoil tip collapse, which engulfed a
primary school and other buildings resulting in the loss of 144 lives. Since 2001, 10 fatalities
have resulted from landslides. More recent impacts have included the collapse of buildings, rail

derailments, road closures and commuter disruption.
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2.1 Seismicity

An earthquake occurs when two tectonic plates of the Earth’s crust displace relative to each
other. Generally, three types of displacement are possible: plates sliding past each other, plafes
running onfo one another, plates moving away from one another. The focus of an earthquake is
its origin point below the Earth’s surface, and the location directly above it on the Earth's surface

is the epicentre.

The level of shaking experienced during an earthquake is affected by the earthquake magnitude
and the amount of energy released, the distance from the earthquake epicentre, and the ground
conditions. Seismic waves are distinguished info two broad types: body waves and surface
waves (Figure 2). Body waves consist of primary or P-waves, and secondary or S-waves;
surface waves comprise Rayleigh waves and Llove waves. Body waves propagate through the
Earth, whereas surface waves propagate along the Earth’s surface. P-waves are longitudinal
and compressional in nature, whereas Swaves are fransverse shear waves*. P-waves are
faster than Swaves and can propagate in any medium, whereas S-waves propagate in solids
only. Rayleigh waves propagate with motions similar to those of water waves and are slower
than S-waves. Love waves are polarised shear waves and exist only in a semi-infinite medium
overlain by an upper finite layer. Another type of wave, the Stoneley wave, propagates along

a solidfluid boundary under specific circumstances.

Seismic Waves

[a) Undisturbed raaterial

Caompression  Compression  Cornpression
Undisturbed

Expansion ‘ Expansian material

[b) Prirmary wave

}-—Wauelenglh-{

() Secondary wave

[d) Rayleigh wave

T ) T ]
T T T L T T T T LT

(&) Love wave

© 1995 West Publishing Compeny

Figure 2. Schematic of different forms of seismic waves (USGS, 2018).

*All technical terms marked in blue can be found in the Glossary section.
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