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Outline

Critical Infrastructure
Earthquake engineering terminology
Earthquakes in BC

Earthquake vulnerabilities of buildings, police,
fire halls, schools, transportation, water,
energy




Critical Infrastructure

e provides the essential services that underpin
society and serve as the backbone of
economy, security, and health.

MNFRASTRUCTURE
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Critical Infrastructure

Commercial Facilities (offices, warehouses etc.)
Housing, Offices, Schools

Transportation (Roads, bridges, ports, railways,
airports, tunnels)

Communication facilities

Information technology facilities

Industrial facilities

Energy delivery, Electrical, Natural Gas, Oil etc. lines
Health facilities (hospitals etc.)

Water and waste water facilities
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Original Infrastructure Built for
Earthquake

* Originally the majority of the BC’s
infrastructure was build without seismic
(earthquake) considerations

* Simple it was unknown what seismic hazards
existed in BC

 The Subduction Earthquake affects the West
Coast of North America
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Insurance Bureau of Canada Study 1

* a 9.0 magnitude earthquake off the western
coast of Vancouver Island would have a major
impact on the economy.

* |t estimates that scenario would cause $62 billion
in direct damage in the region, primarily due to
building damage, and $12.7 billion in indirect
impact caused by things like supply chain
interruption and infrastructure damage.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Ref: Insurance Bureau of Canada Study 2010



Insurance Bureau of Canada Study 2

* The report does not look at loss of life or
casualties, focusing solely on the impact to the
economy, but says it considers an earthquake
"sufficiently threatening and devastating to

warrant prudent planning and preparation
now."

http://www.cbc.ca/news/business/major-earthquake-could-cause-75b-in-damage-study-warns-1.2287121 AEN

Ref: Insurance Bureau of Canada Study 2000  rowwwmw



Building Code

* Building Code is designed to minimize loss of
life
* |t does not mean that structures will be

undamaged and/or fully functional after the
design earthquake.
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Earthquake Terminology

Life Lines

Return Period

Earthquake Risk

Peak Ground Acceleration (PGA)
Liquefaction
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Life Lines

 Lifelines are structures that are important or
critical for a community to function, such as
roadways, pipelines, power lines, sewers,
communications, and port facilities.
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Return Period

Reoccurrence interval (repeat interval) is an estimated likelihood
of en event, such as earthquake, flood, landslide, etc.) to occur.

For example 1 in 50 year (probability happening 1/50=0.02 or 2 %
1in 100 1/100=0.01 or 1%

1in 475 1/475=0.002

1in 2,745 1/2745=0.0004

1in 10,000 1/10,000=0.0001
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Earthquake risk

Risk = Probability x consequence

Inspection Priority Categories

-

N

Probability Categories
W

F D Cc B A
Consequence Categories fema
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Peak Ground Acceleration (PGA)

* Horizontal earthquake acceleration on the
ground

0.001 g (0.01 m/s?) — perceptible by people
0.02 g (0.2 m/s?) — people lose their balance
0.50 g-—very high;
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Earthquake Magnitude, Ground Peak
Acceleration

Instrumental
Intensity

Vi
\l
Vil

X+

Acceleration
(9)
<0.0017

0.0017 - 0.014

0.014 - 0.039

0.039 - 0.092
0.092-0.18
0.18-0.34
0.34-0.65
0.65-1.24

>1.24

Velocity

(cm/s)
<0.1
0.1-1.1
1.1-34
3.4-841
8.1-16
16 - 31
31-60
60 - 116
> 116

Perceived Shaking | Potential Damage

Not felt
Weak
Light
Moderate
Strong
Very strong
Severe
Violent

Extreme

None
None
None
Very light
Light
Moderate
Moderate to heavy
Heavy

Very heavy

Magnitude

1.0-3.0
3.0-3.9
40-4.9
5.0-5.9
6.0-6.9
7.0 and higher

Ref: United States Geological Survey http://earthquake.usgs.gov/learn/topics/mag_vs_int.php

Typical Maximum
Modified Mercalli Intensity

I

-1

V-V

Vi- Vil

VII - IX

VIl or higher
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PGA vc Return Period

PGA - Site Class C (g)
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Ref: Natural Resources Canada 2013
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Peak Ground Acceleration
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Peak ground acceleration,
in g units. Higher value
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http://bcndpcaucus.ca/news/liberals-still-apathetic-on-emergency-response/
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Liguefaction

* A process by which water-saturated sediment
temporarily loses strength and acts as a fluid,
like when you wiggle your toes in the wet
sand near the water at the beach. This effect
can be caused by earthquake shaking.

http://earthquake.usgs.gov/learn/glossary/?term=liquefaction
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Liquefaction and its Effects
Before the Earthquake

Areas of flat, low lying land with groundwater only a few metres below the surface, can support buildings and roads, buried pipes, cables and
tanks under normal conditions.
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Fine sand and silt below the watertable.

During and after the Earthquake

During the earthquake fine sand, silt and water moves up under pressure through cracks and other weak areas to erupt onto the ground
surface. Near rivers the pressure is relieved to the side as the ground moves sideways into the river channels.

Sand Boils (Sand Volcanoes Power poles are pulled over by their
Sand, silt and water erupts upward under wires as they can’t be supported in Lateral Spreadin
pressure through cracks and flows out onto the liquefied ground. Underground River_ubanks Sove Sowesd dach
cables are pulled apart. other. Cracks open along the banks.
Cracking can extend back into

the surface. Heavy objects like cars can sink »
) properties, damaging houses.

into these cracks. Sand, silt and water cover
the surface

Tanks, pipes and manholes ﬂoat up in the Ilqueﬂed ground and break
through the surface. Pipes break, water and sewage leaks into the ground
20

zealand November 4, 2015

Fact sheets compiled and distributed by the Institution of Professior



Liguefaction Hazard Map

Liquefaction Hazard
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Earthquake Statistics

Effects Earthquakes Energy Equivalents Energy Release
10 —— 15,000,000,000,000
Chile (1960) @
Largest recorded earthquakes Alaska (1964) :
9 |- Destruction over vast area sumatra (2004) — 476 000 000 000
Massive loss of life Jﬂﬁ_ﬂn (2011) : . e
Chile (2010) ® Krakatou Eruption
B | e pact San Fransico, (A (1906) @ _@ World's Lorgest Nudlear Test (USSR) —— 15,000,000,000
Large loss of life New Madrid, MO (1812) ® @ Mount St. Helens Eruption . e
Major earthquake Ch[]r|eST0I’|]|,GiSﬁC ((2108]%6)) ® :%
7 41— Damage ($ billions) L) s —— 476,000,000
Loss of life . s
< Northridge (1994) ®, £
2 S thauak @ Hiroshima Afomic Bomb 2
= 6 | __ Strongearthquake 120 g)_ 15,000,000
=) Property damage =
=2 Long Island, NY (1884) ® =
5 | _ Moderate earthquake 1,500 ;; —— 476,000
Some property damage ® Average Tornado =
:
4 | _ Light earthquake = —— 15,000
Noticeable shaking 10,000 !
® Large Lightning Bolt
I+ Minor earthquake often felt 100,000 ®— Oklahoma City Bombing = — 476
®_ Moderate Lightning Bolt
7 | Generally not felt 1,000,000
Number of Earthquakes per year (worldwide)

Auditor General of British Columbia, Catastrophic Earthquake Prﬁpared%es?,i\/l%c{]szom

Submitted to the Legistlative Assembly of British Columbia ovembe 22



Richter Scale and Category

Category Effects Richter
Scale

N N
I11. Slight Felt by people lying down, seated on hard surfaces, or in the upper floors of tall buildings 3.5

Iv. Perceptible Felt indoors by many, by few outside, and windows rattle +

V. Rather Strong Generally felt by everyone; sleeping people may be awakened 4.5

VL Strong Trees sway, chandeliers swing, bells ring, some damage from falling objects o)

VII.  Very Strong General alarm; walls and plaster crack 5.5

Ruinous Some houses collapse; pipes break
Disastrous Obvious ground cracks; railroad tracks bent; some landslides on steep hills
: Few buildings survive; bridges damaged or destroyed; all services interrupted (electrical,
Very Disastrous : .
water, sewage, railroad); severe landslides

Catastrophic Total destruction; objects thrown into the air; river courses and topography altered

N\
EN

"/

Ref: Auditor General of British Columbia, Catastrophic Earthquake Preparedness, March 2014 ~ sancoeor movmonssocirion

Submitted to the Legislative Assembly of British Columbia
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Megathrust Earthquake

* In the Cascadia subduction zone 13 megathrust events
have been identified in the last 6000 years,

* An average one every 500 to 600 years.

* However, they have not happened regularly. Some have
been as close together as 200 years and some have been
as far apart as 800 years.

* The last one was about 300 years ago. January 26, 1700
Based on written record from Japan.

http://www.earthquakescanada.nrcan.gc.ca/zones/cascadia/ga-eng.php oo mowion associon



Seismic Geography
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Expected Large Earthquakes in BC

Irrage craat Jond Cague/ NN

1. Cascadia Subduction Zone ("megathrust") earthquake - M9
2. Georgia Strait: shallow crustal earthquake - M 7.3
3. Deep, instraslab earthquake - M 6.8

http://vancouver.ca/images/cov/content/earthquake-plates.jpg ™~ s
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Potential Rupture Zone of the
Cascadia Subduction Zone
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http://www.jibc.ca/sites/default/files/password/emd/pdf/681423950 Earthquakes_in_Southwestern_BC_RRNH_finaisinian.pui
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Ground Acceleration Change
in Knowledge
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Earthquake Tsunami

https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRXwQzgMWKKIXPM-KKXDHuUP2sRO7HOrEUbewkb_h4G-_148Gs1F N\
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Tsunami
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Tsunami Landing Times

* West coast of Vancouver Island (10 to 20 min)
* Victoria (2 to 4 m within 75 minutes)
e Port Alberni (10 to 20 minutes 20 to 40 m)

http://www.cbc.ca/news/canada/british-columbia/b-c-megathrust-earthauake-will-rp-earth-open-like-a-zipper-expert-says-1.2917261



Tsunami Hazard
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Population Density in BC

Population density, 2006
by Dissemination Area (DA)

EDMONTON
L]

Persons per km?
. 250
10to <50
1to <10
04to<1

. Sparsely populated

=10 km from the Pacific coast

https://www.reddit.com/r/MapPorn/comments/2n8sv4/population_density_map_of british_columbia_3125/
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BC Lower Mainland Population Density
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BC Earthquake Immediate Response
Building

 Modern buildings with inclusion of seismic

constraints and industrial steel framed buildings
prove the most resistant.

* VAN: 18 per cent of buildings in Metro Vancouver
are most likely to receive extensive damage

* 12 per cent are most likely to receive complete
damage.

* VIC: 18 per cent of buildings in the

* CRD are most likely to receive extensive damage
and 11 per cent are most likely to receive
complete damage.

http://www?2.gov.bc.ca/assets/gov/public-safety-and-emergency-services/emergency-preparedness-response-recovery/provincial-emergency-
planning/irp.pdf



Schools Seismic Risk 1
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http://www.cbc.ca/news/canada/british-columbia/multimedia/earthquake-risk-and-school-seismic-upgrades-in-b-c-1.3051462
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Schools Seismic Risk 2

http://www.cbc.ca/news/canada/british-columbia/multimedia/earthquake-risk-and-school-seismic-upgrades-in-b-c-1.3051462
November 4, 2015



Hospitals

Major buildings

St. Paul’s ER (Almost 100 years old)

Vancouver General Hospital (VGH)Central Pavilon built
1959

VGH Emergency Department Bldg (1978)

Major Buildings at UBC Hospital, Richmond General
Hospital, Lions Gate Hospital, Burnaby General
Hospital,Langley Memorial Hospital, the B.C. Children’s
Hospital and the B.C. Women’s Hospital have also been
flagged at the highest earthquake risk in the reports.

Non-Structural damage (equipment, gas tanks, pipe lines
etc. may suffer significant damage)
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Police Departments

* Most stations were build meeting code
requirements

http://www.timescolonist.com/news/preparing-for-a-disaster-1.10647

cccccccccccccccccccccccccccccccc
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Fire Halls and Ambulance Service
Buildings

Most firehalls were built meeting latest code requirements

cccccccccccccccccccccccccccccccc
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Vancouver Dedicated Fire Protection
System

lent fire water supply system
oleted_ in 1995

R e !‘

http://firepump.tripod.com/

Fire Following Earthquake, edited by Charles Scawthorn, John M. Eidinger, Anshel Schiff
http://spacing.ca/vancouver/2014/11/10/doors-open-vancouver-false-creek-pump-station/ N\

https://www.google.ca/search?qg=city+of+vancouver+dedicated+fire+protection+system&biw=1526&bih=890&source=Inms&thmsz " eerer monmonssocnon
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Vancouver Dedicated Fire Protection
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Landslide Risk Vancouver Island

Vancouver Island Landslide Risk Assessment: Population and Risk

MCE Landslide Risk
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Landslide Susceptibility

November 4, 2015



Land Slides

O\
http://ibis.geog.ubc.ca/courses/geob370/students/class11/astocks/www/intro.html AEN
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Landslides
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Bridges

http://www.canadianunderwriter.ca/Mktglmages/cu-ibc-quake/201310291351020melest55122fpv4521wgk5id.jpg
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Bridges at Lower Mainland
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Bridges

* Kevin Baskin, chief bridge engineer for the
Ministry of Transportation and Infrastructure,
said the upgrades are designed to "minimize
the risk of collapse” of key transportation
infrastructures in an earthquake.

 The upgrades are designed for an earthquake
measuring to 6.5 to 7.0 on the Richter scale,
once in every 475 years.

http://www.canada.com/closeup+vancouver+disaster+preparedness/1082327/story.html PEI

https://www.th.gov.bc.ca/publications/eng_publications/bridge/standards/MoT_SRDC.pdf e cerer movirion assocution



Port Mann Bridge
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http://www.abbynews.com/news/118198244.html
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George Massey Tunnel

—

e Builtin 1959
e Design had very little consideration to earthquakes

e Built on liquefiable soil area

e Seismic retrofit completed in 2006 for 1 in 100 earthquake
e Earthquake early warning system was installed in 2009
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230 kV Line in George Massey Tunnel

* Tunnel upgrade was for 1 in 100 year event

http://vancouver.24hrs.ca/2015/07/13/bc-hydro-reviews-tunnel-project-options

November 4, 2015
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Lower Mainland Disaster Response

Routes
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Ferry Terminals Lower Mainland
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BC Ferries Earthqueake
* Vancouver Island, Sunshine Coast cut off
 Terminals are vulnerable to earthquakes
* No Seismic upgrade program in place

http://www.cbc.ca/news/canada/british-columbia/megaquake-would-crumble-bc-ferries-terminals-says-engineer-ray-hebden-1.2¢ -,
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Airports at Lower Mainland
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Ports at Lower Mainland
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Railways at Lower Mainland
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Railways
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Water Supply System

Large portion of the water supply (about 77%)
is seismically vulnerable

Mainly due to soil liquefaction
Cast iron pipes are in service
Upgrade in progress addressing major issues



Richmond Water Supply

 Afteralin 100 year event some water
* Unlikely any water after a 1 in 475 year event

http://www.richmond.ca/__shared/assets/072803_item72986.pdf N\
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Telephone, Telus

* undertaken an extensive seismic upgrade
program focusing on major buildings in areas that
are considered higher risk earthquake zones.

* Most major equipment buildings are classed as
post-disaster structures because telephone
service is essential in a disaster or emergency.

e Switches are braced for an earthquake with
uninterrupted power supply and stand-by power
in the form of generators and batteries.

https://about.telus.com/community/english/about_us/for_our_customers/customer_safety/disaster_planning/preparing_our_facili

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



Phone System

Areas of Insufficient Cellular Coverage
Night Scenario
Subduction Earthquake |
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U : e Cellular Service
0o
@ 1- 1000
[ 1001 - 2000
[ 2001 - 3000
[ Greater than 3000
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& o - of cellular phones in use immediately
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http://www.sfu.ca/geog452spring00/project5/results.html
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Electrical System Major Vulnerabilities

High Voltage Circuits and Submarine Cables
Power Transformer Bushings
Pot Heads

Tsunami Inundation of Substations

Transmission Towers
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Vancouver Island Lower Mainland
Electrical Transmission Ties
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https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/projects/jordan/jordan-dam-safety-residents-preseriauuii.pui
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Pot Head Damage

230 kV supply to Lower Mainland (Possible recovery time between

2 years to 4 years)

500 kV cable supply to Vancouver Island Possible recovery time between
(2.5 years to 6 years)
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Liguefaction Hazard Electrical
Transmission, Lower Mainland

LOWER MAINLAND SOUTH

230 kV_NETWORK i —
W/ X
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BC Hydro Transmission System

TRANSMISSION
SYSTEM

cuth vincowER 1seano oera /

https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/accounts-billing/electrical-connections/bchydro- PE I
systems-map.pdf N/
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BC Hydro Generation

CHANGE IN SEISMIC HAZARD

Bassa lalnx Fort Nelson -

GENERAL DECREASE
IN HAZARD OR NO
SIGNIFICANT CHANGE

» Peace Region

« Columbia Region

 Lower Mainland

» Bridge River
¢ Campbell River

» Jordan River

LEGEND

» Hydro dams and
generating stations

e Hydro dams without
generating stations

— 500 kV transmission

line

* 500 kV substation
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https://www.bchydro.com/content/dam/BCHydro/customer-portal/graphics/maps/change-in-seismic-hazard-graphic.jpg Retreived on Oct 31, 2015
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Revelstoke Dam

https://multco.us/file/12819/download

http://www.revelstokereview.com/news/118929699.html - E‘I
\_/
http://www.bcuc.com/documents/proceedings/2006/doc_13359 b-40_bch_undertaking.pdf
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Columbia River Dams
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Earthqguake Damaged Hydro Dam, Asia

South Asian Disaster Knowledge Network PHE I

http://www.saarc-sadkn.org/can_we.aspx ~ secomsmemosn
November 4, 2015 73



C Hydro Lower Mainland
Transmission

60L79
60L80

METRO DETAIL

https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/accounts-billing/electrical-connections/bchydro-transmission-systems-map.pdf
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Mount Pleasant Substation
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https://www.bchydro.com/news/conservation/2014/mount-pleasant-substation.html
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Control Centre

 The Fraser Valley Operations Centre is a
* An additional

 facility in the Okanagan is also available to
ensure BC Hydro can instantly transfer control
should anything happen to the primary
centre.

* This improves the grid's reliability and the
ability to withstand a major seismic event in
the lower mainland.

https://www.bchydro.com/content/dam/hydro/medialib/internet/documents/safety/pdf/bc_hydro_seismic_event.pdf \—
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BC Hydro Lower Mainland
Transmission
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Pothead damage

http://www.exponent.com/files/Uploads/Images/electrical/Earthquake%20da
magethumb.jpg PEHIN
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Transformers
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Towers
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Auditor General of BC on BC’s
Earthquake Preparedness

V8V 1X4
50-419-6100

'A‘ Auditor General
@  of British Columbia

‘The Honourable Linda Reid
Speaker of the Legislative Assembly
Province of British Columbia
Parliament Buildings

Victoria, British Columbia

V8V 1X4

Dear Madame Speaker:

I have the honour to transmit to the Legislative Assembly of British Columbia my Catastrophic

Earthquake Preparedness report.

We conducted the audit in accordance with Section Ji (8) of the Auditor General Act and the standards

for assurance engagement established by the Canadian Institute of Chartered Accountants.

My Office first looked at this topic 17 years ago in our Earthquake Preparedness report and arrived at the
same conclusion. Progress has been made in some areas over this intervening period, but overall, the

province is still at a significant risk if a catastrophic earthquake were to occur today.

One of the main causes for this lack of progress is that preparing for a catastrophic earthquake has not
been made a priority. Since my Office’s report in 1997, successive governments have decided to allocate
scarce public resources to meet more immediate pressing demands, rather than to adequately prepare the
province for a catastrophic earthquake that may or may not occur. As a result, Emergency Management
BC (EMBC), the government organization tasked with leading the Province’s response to a catastrophic
earthquake, has not fulfilled this part of its mandate.

We concluded that EMBC cannot demonstrate that it is adequately prepared to manage the effects of a

catastrophic earthquake and it is not reporting publicly on the Province’s preparedness.

‘While the recommendations from this audit are directed at EMBC, I urge all readers of this report to look
at their own situation and ask themselves whether they are ready and if they have done everything they

should to prepare themselves, their families, and their communities for an earthquake.

T would also like to take this opportunity to express my appreciation to EMBC and Ministry of Justice
staff for their cooperation during this audit.

Rauss Jones, MBA, CA
Auditor General

Columbia

“Since my Office’s report in 1997, successive
governments have decided to allocate

scarce public resources to meet more
immediate pressing demands, rather than to
adequately prepare the province for a
catastrophic earthquake that may or may not
occur. As a result, Emergency Management
BC (EMBC), the government organization
tasked with leading the Province’s response to
a catastrophic earthquake, has not fulfilled this
part of its mandate.”
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Auditor General of BC, Catastrophic Earthquake Preparedness
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Cycle of Earthquake Preparedness

Analysis and assessment
Remediation

Indication and warning
Mitigation

Incident response

Recovery and Reconstruction
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Questions
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