il

Natural Resources
Canada

Ressources naturelles
Canada

GEOLOGICAL SURVEY OF CANADA
OPEN FILE 7816 (revised)

Risk Map Atlas:
Maps from the Earthquake Risk Study for the
District of North VVancouver

C.L. Wagner, J.M. Journeay, N.L. Hastings, and J.A. Prieto

2015

Canada



,\%9\901039
P
”
S€oLoa10vE

J
ey o>

GEOLOGICAL SURVEY OF CANADA
OPEN FILE 7816 (revised)

Risk Map Atlas:

Maps from the Earthquake Risk Study for the
District of North VVancouver

C.L. Wagner, J.M. Journeay', N.L. Hastings', and J.A. Prieto

! Natural Resources Canada, Geological Survey of Canada, 1500 - 605 Robson Street, Vancouver, British Columbia
? Independent Consultant, Vancouver, British Columbia

2015

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources Canada, 2015
doi:10.4095/296439

This publication is available for free download through GEOSCAN (http://geoscan.nrcan.gc.ca/).

Recommended citation

Wagpner, C.L., Journeay, J.M., Hastings, N.L., and Prieto, J.A., 2015. Risk map atlas: Maps from the earthquake risk
study for the District of North Vancouver; Geological Survey of Canada, Open File 7816 (revised), 66 p. doi:10.4095/296439

Publications in this series have not been edited; they are released as submitted by the author.


http://geoscan.nrcan.gc.ca/

Table of Contents

[T o] 1Y =T LU UURRR i
Y o1 4 - Lot AT USSP PR URPPOPTON 1
Yol = o141 ol D Yo Y[y o 1= TSP SRR URR PP 1
([ g aeTo [Vl 4 o] o OO O T TP PRSP PP PRSP 1
[ o) [=Tot - | o =T S OO PP PPPPPPPPPPPTPTPPRE 1
PrOJECE DVEIVIEW ..ttt ettt et e ettt e et e e e e e e et e e et et et e e e e et et e e e e e e e e e e e e et eeeaeteeeteeetereseserereeereretererererererererererenens 2
EQrtNQUAKE RISK:.....ueeeiieiieiiiiii ettt ettt e e e e e ettt e e e e e e e et beaeeeeeeeaabaaaeaaaeeaaasssaaeaaaaesaassssaessaaesaassasaaaeaassaasssaeneaessennssrens 2
RiSK ASSESSMENT IMIOTEI ...ttt st st r ettt et s b e s b e b e r e e nesanesheesmeenneennesnteeneeeneenreenrean 2
DiStrict Of NOITh VANCOUVET: .....oiiiiiieieee ettt sttt ettt s s b e b e r e e n e s e e s et e smeesneenneeareenneennenneeneen 3
Risk ASSESSMENT EXPOSUIE DAta:.......uiiiiiieiiiiiiiiiiiee e ettt e e ettt e e e e e e ettt e e e e eeseabbaaeeeaaeeeaasasaeeeaaeseansssseaeaassaasssaeseaessennsnsnes 3
=Y Yo U == PSR 3
N g S SSPPSN 3
RESUIES: ettt sttt s bt eeh bt e st e e e bt e e sa bt e bt e e s a b e e bt e e eh b e e b et e b et e R et e R et e b et e ehEe e b et e en et e b et e abee e beeeanee e beeenree et 4
N P13 1Y = o 13 SRS 4
ACKNOWIEAGEIMENTS .....viii ettt et e et e e e sttt e e st e e e st teeeesataeeeasssaeesasseeaeassaeeeassseeeassseeeaassseeeansseeesnnseeeaansaeesanssneesnsseaeansenesannes 4
Section 1: COMMUNITY EXPOSUIE IMIAPS ...uuuuuuiuiiiiiiiiitiiiiti e aaaaaaaaaaaatasaaasaaasasasasasasasasesasasssesasssasssesssesssesssssssssnsssasesnsnsnsnnnnn 5
[[a Ao e [U L1 4o o F TS OP OSSP PR PP 5
Map 1A. District of North Vancouver, COMMUNILY OVEIVIEW .....ccciiiiiiiiiiiiieeecccciieee e e eeecitee e e e e e e esrrare e e e s eesnbbaaeeeaeeeeenssnseeeens 5
Map 1B. District of North Vancouver, BUilding OCCUPANCY ...c.cvireirieeriiiiieiieieneenie ettt 5
Map 1C. District of North Vancouver, Building Construction Material.........cccccvviiiiiiieiiiii e e 5
Map 1D. District of North Vancouver, Building S€ismic DeSIZN LEVEL.......ccoceiiiiiiiiie ettt e e 5
Map 1E. District of North Vancouver, Social VUINErability ........coccoreerieiiiiinieeeeceee e e e 5
Yot o) o A o oY= T o I ao T €= oL a1 1 £ o 1 RSP 12
INEFOTUCTION ...t ettt e b et e bt s bt e e bt e s b e e e bt e s b e e e bt e s b e e e bt e s b e e e bt e sabeeeabeesabeeeseesbeeeneenane 12
[V Yo S W T U= = ot oY o BY U ol o1 o111 4V 25 SRt 12
Y T I T o o 5 e [ U Ty ol =] o1 1 o1 11 Y2 PUU SR 12
Map 2C. National Earthquake Hazard Reduction Program (NEHRP) SOil ClIass......cc.ceueruieneenierienie ettt 12
Section 3: Hazard Maps, GEOrgia STrait EVENT .....ccc.vii ittt e e e et e e e st e e e s ata e e s saseeeesnsaeeeesnsseesanseeeesnseneans 17
EarthqUake EVENT HAzZard IMIAPS .....ueee et e ettt e e ee et ee e e e e e e ettt e e e e e e e e e aabaaaeeaeeeasasbbasaaeeseasssaasaaaaeeaastaasaeaeeesanssrraneaens 17
MEASUNING EQITNQUAKES «...c.eeeieeieee ettt sttt et s et s b e b e bt e n e e nesae e sheesbe e st emr e emneesnesseenreeneen 17
I LS CT=ToT 7 =4 I A L A =377 o RPN 17
Map 3A. Peak Ground Velocity, GEOrgia STrait EVENT .......cccuuiiiiieee ettt et e e e e e et e e e e e e e e et raa e e e e e e eenaaraeeaeas 18
Map 3B. Peak Ground Acceleration, Georgia Strait EVENT .......cccviiiiiiii ettt ree e et e e e eane e s e e e s ereeeennes 18
Map 3C. Permanent Ground Deformation by Lateral Spreading due to Liquefaction, Georgia Strait Event ...........c.c...... 18

Map 3D. Permanent Ground Deformation due to Landslide, Georgia Strait EVeNt........c.ccoccviviiiiiieecciie e 18

Map 3E. Spectral Acceleration at 0.3 second interval, Georgia Strait EVENt.........cccceeieeiiiiiiiie it 18
Map 3F. Spectral Acceleration at 1.0 second interval, Georgia Strait EVENT.........ccoooiiiiiiiiiiiie e 18
Section 4: Consequence/Damage Maps, GEOIgia STrait EVENT ......cciiiririeiirieiee sttt s 25
([0l dgeTo [V 4 o] o P T TP PP URRPPPTRPR 25
Map 4A. Building Damage State, Current Building Design Level, Georgia Strait EVeNt.........cccceeeviiieeeciii e 25
Map 4B. Building Loss Ratio, Current Building Design Level, Georgia Strait EVENT........cccceevcvieeiiiiee e eeee e 25
Map 4C. Daytime Casualty Rate, Current Building Design Level, Georgia Strait EVent........cccccooecciiiiieeieeccciiiieeee e, 25
Map 4D. Building Recovery Time, Current Building Design Level, Georgia Strait EVENt ........cccceevveeeeeiieeeccieee e 25
Map 4E. School Buildings and Fire Stations, Building Damage State, Georgia Strait Event .........ccccceeecieiieceee v 26
Map 4F. Roads and Bridges, Functionality at Day 1, Georgia Strait EVENt ............eeviiiiiiiiiieee et 26
Map 4G. Potable Water Pipelines and Facilities, Georgia Strait EVENt .........occciiiiiie it 26
Map 4H. Waste Water Pipelines, GEOrgia Strait EVENT .........iiiiciiei e ccee ettt ettt e e st e e e s ta e e e s naa e e e snaaeeesnnaeeeennns 27
Section 5: Resilience/Mitigation Maps, GEOrgia Strait EVENT .......cciiiivieiiriiiereeeree et e ctee et e ettt e eteeeaeseeteeeteseteeebesebeeenreseseeeareean 36
(Lo Ao e (U1 4o  FO TSP PP PRSPPI 36
Map 5A. Building Damage State, Retrofit Building Design Level, Georgia Strait EVeNnt .......cccccceevciiiiieeiiiecciiiieeee e, 36
Map 5B. Building Loss Ratio, Retrofit Building Design Level, Georgia Strait EVeNnt.........ccccceeeeiieeiiiiiiiee e, 36
Map 5C. Daytime Casualty Rate, Retrofit Building Design Level, Georgia Strait EVENt.........cccceevivieeeeciie e 36
Map 5D. Building Recovery Time, Retrofit Building Design Level, Georgia Strait eVent ........cccccocveeeeecieiecciee e 36
Section 6: Hazard Maps, 10N 2475 YEAr PSHA ... e ettt ettt e e e e e ettt e e e e e e e et aabeeeeeeseaastaeseaaeseasasbeseaaseeasanraereaaenannes 41
The 10N 2475 YEAr @artNQUAKE.......eiiiiiiie ettt et e e et e e e st e e e s eae e e et teeeesstaeeesasaeeessseeeaansaeesassaeeesnsseeeanssaesennsnns 41
Map 6A. Peak Ground Velocity, 1in 2475 YEAr PSHA ...... ...ttt ettt e e e e et ba e e e e e e e e bbaa e e e e e e eensaeaeeeans 41
Map 6B. Peak Ground Acceleration, 1in 2475 YEAr PSHA ... eeee ettt ettt e e e st e e e sta e e e snteaessnaaaeessaeeeennns 41
Map 6C. Permanent Ground Deformation by Lateral Spreading due to Liquefaction, 1 in 2475 Year PSHA ............c.cc..... 41
Map 6D. Permanent Ground Deformation due to Landslide, 1in 2475 Year PHSA. ...t 41
Map 6E. Spectral Acceleration at 0.3 second interval, 1in 2475 Year PSHA ........ooo ittt 41
Map 6F. Spectral Acceleration at 1.0 second interval, 1in 2475 Year PSHA ... iciii et e e ree s 41
Section 7: Consequence/Damage Maps, 1N 2475 YEAI PSHA ........oooouiieirieieeeeetee et e et e eeteeeeteeeeteseeteeeteseteeebeseteeenresebeeenreeen 48
Map 7A. Building Damage State, Current Building Design Level, 1in 2475 Year PSHA ........ccocoeiiiiieeeciie e 48
Map 7B. Building Loss Ratio, Current Building Design Level, 1in 2475 Year PSHA ...ttt 48
Map 7C. Daytime Casualty Rate, Current Building Design Level, 1 in 2475 Year PSHA.........ooooiiiiiiiieei e, 48
Map 7D. Building Recovery Time, Current Building Design Level, 1 in 2475 Year PSHA ........c.ccoooviieeeeciee e 48
Map 7E. School Buildings and Fire Stations, Building Damage State, 1in 2475 Year PSHA .........ccoeeeciieecceee e 48
Map 7F. Roads and Bridges, Functionality at Day 1, 1in 2475 YEar PSHA ...ttt e 48
Map 7G. Potable Water Pipelines and Facilities, 1 in 2475 YEar PSHA ........ooouiiii ittt et e e e e ee e e nae e e 48
Map 7H. Waste Water Pipelines, 1in 2475 YEAr PSHA ........oo ettt e e ettt e e te e e st e e e s ntae e e sntaeeenaaeeesnseeeeannns 48
Section 8: Resilience/Mitigation Maps, 11N 2475 YEAI PSHA ......ccveiiiuieeetee e ectee et et et e ettt e steeete e seteeebessbeeebesebeesasessbeesnreean 57



oY doTe [¥ ot [o] o TSROSO RRRROOPP 57

Map 8A. Building Damage State, Retrofit Building Design Level, 1in 2475 Year PSHA .........ccoooiiiiieei e, 57
Map 8B. Building Loss Ratio, Retrofit Building Design Level, 1in 2475 Year PSHA ..........oiiiii it 57
Map 8C. Daytime Casualty Rate, Retrofit Building Design Level, 1in 2475 Year PSHA .......cccoviiviieeeciee e 57
Map 8D. Building Recovery Time, Retrofit Building Design Level, 1 in 2475 Year PSHA...........coovcieeeeciee e 57
(6e] 3Tl [V 1Y (o o[- TP TP T PP PR PP PPPRTP 62
RETEIEINCES ...ttt ettt et b e b et e et s ae e sh e e s bt e et e et e et e e b e e b e e Rt e Rt e e Rt saeesRe e sR e e Rt e et e et e b e e b e e Rt e r e e anesanesaeenre 62
List of Maps
Map 1A. District of North Vancouver, COMMUNILY OVEIVIEW ......cc.uuiiiiiiieieciiiieee e ettt e e e e e eeiitre e e e e e e eeaarre e e e e e seeansaeeeeasseennsanneas 7
Map 1B. District of North Vancouver, BUilding OCCUPANCY .......uiiiiiiiieiciieceteee st e s sttt e e te e e st e e e stae e e esaeeesnsaeeesnsseeennneeeesnseeean 8
Map 1C. District of North Vancouver, Building Construction Material .............cooiiiiiiiiiiiiic et 9
Map 1D. District of North Vancouver, Building SEIiSMIC COUE .....uiiviiiiiiiiieeeeieeeciee e eee e e et e e st e e s eta e e s ensaeeesereeeensaeeeennees 10
Map 1E. District of North Vancouver, SOcial VUINErability ........oooo it et e e e e sbr e e e e e e e e eanees 11
Y Yo N R T [0 = ot u o o BT U F o Y o1 o111 2V SRS 14
[V T I A T I T o 5 [Te [ U Ty ol =Y o1 ] o 11 11 AV AR U U U UPPRROt 15
Map 2C. National Earthquake Hazard Reduction Program (NEHRP) S0il Sit€ Class ........ceeeevuriiiriiereiiiiee e ccree e 16
Map 3A. Peak Ground Velocity, GEOrgia STrait EVENT...........uuiiiiiii ettt et e e e e e e ee ettt e e e e e e e e aneaeeeeeeeeenasrbaseeaeeeenanses 19
Map 3B. Peak Ground Acceleration, Georgia STrait EVENT..........eiiiiii ettt e s e e et e e s ae e e e ere e e eneaeeeennnes 20
Map 3C. Permanent Ground Deformation by Lateral Spreading due to Liquefaction, Georgia Straight Event.............cccccocu... 21
Map 3D. Permanent Ground Deformation due to Landslide, Georgia Strait EVENt .........cococuiiiiviiie i 22
Map 3E. Spectral Acceleration at 0.3 second interval, Georgia Strait EVENt.........cccoieiiiiiiiiiii it e e e 23
Map 3F. Spectral Acceleration at 1.0 second interval, Georgia Strait EVENT ........ccceviviiiriccciie et 24
Map 4A. Building Damage State, Current Building Design Level, Georgia Strait EVENt.......cccccoeeeciiiieiieiicciiiieeee e 28
Map 4B. Building Loss Ratio, Current Building Design Level, Georgia Strait EVENT .........cooceiviiiviieeeiciie e 29
Map 4C. Daytime Casualty Rate, Current Building Design Level, Georgia Strait EVENt ........ccccooveiiiiiiiiiicciiiieeee e 30
Map 4D. Building Recovery Time, Current Building Design Level, Georgia Strait EVENt .........ccoocveeiiiiieecciie e 31
Map 4E. School Buildings and Fire Stations, Building Damage State, Georgia Strait EVeNnt ..........cccceevieiieeiiiiieiee e, 32
Map 4F. Roads and Bridges, Functionality at Day 1, GEorgia Strait EVENT ........ceivuiieiiiiiee ettt e e e e e 33
Map 4G. Potable Water Pipelines and Facilities, Georgia Strait EVENt.........ccccuiiiiiii it e e e 34
Map 4H. Waste Water Pipelines, GEOrgia Strait EVENT........ccocciiii ittt e e e s eere e e s re e e e ate e e s enaae e e sntteeeeneaeeennnnes 35
Map 5A. Building Damage State, Retrofit Building Design Level, Georgia Strait EVENt.......cccccoeeeiiiiiiiieiicciiieeee e 37

Map 5B.
Map 5C.
Map 5D.
Map 6A.
Map 6B.
Map 6C.
Map 6D.
Map 6E.
Map 6F.
Map 7A.
Map 7B.
Map 7C.
Map 7D.
Map 7E.
Map 7F.
Map 7G.
Map 7H.
Map 8A.
Map 8B.
Map 8C.

Map 8D.

Building Loss Ratio, Retrofit Building Design Level, Georgia Strait EVENT.........ccccouviiiiiiee e e 38
Daytime Casualty Rate, Retrofit Building Design Level, Georgia Strait EVENt .........ccoccciiieiiieicciiiiieee e 39
Building Recovery Time, Retrofit Building Design Level, Georgia Strait EVeNt........cccccoveeiiiieeecciie e, 40
Peak Ground Velocity, 10N 2475 YEAIr PSHA ...ttt e e e e ettt e e e e e e e e e saarbeeeeeeseesaattaaeaaeseasansbaseaaaeeanas 42
Peak Ground Acceleration, 1N 2475 YEAr PSHA ...ttt ettt ettt e et e e e e e e e e e s e e e e e ee s e e e e e eeeeeeeeas 43
Permanent Ground Deformation by Lateral Spreading due to Liquefaction, 1in 2475 Year PSHA .........cccoovveeeieennnes 44
Permanent Ground Deformation due to Landslide, 1in 2475 Year PSHA .......ooooviiiiiiiiieee, 45
Spectral Acceleration at 0.3 second interval, Georgia Strait PSHA..........ooo it 46
Spectral Acceleration at 1.0 second interval, 1in 2475 YEar PSHA .......ooo it et e e e eae e e e e e 47
Building Damage State, Current Building Design Level, 1in 2475 Year PSHA ...ttt 49
Building Loss Ratio, Current Building Design Level, 1in 2475 YEar PSHA .......ooo i ittt eseee st 50
Daytime Casualty Rate, Current Building Design Level, 1in 2475 Year PSHA .........coo it 51
Building Recovery Time, Current Building Design Level, 1in 2475 Year PSHA ........ooocoiiiiiiee ettt 52
School Buildings and Fire Stations, Building Damage State, 1in 2475 Year PSHA .........oooiiii i 53
Roads and Bridges, Functionality at Day 1, 1in 2475 YEar PSHA .......cceiii ettt ettt eree e e e e 54
Potable Water Pipelines and Facilities, 1 in 2475 YEar PSHA ...ttt ettt e e e eaaar e e e e e e e eeannees 55
Waste Water Pipelines, 11N 2475 YEAr PSHA...... ..o eeie ettt e e ettt e e te e e st e e s s sta e e e enaaeessseeeenasseesansaneesnsenenns 56
Building Damage State, Retrofit Building Design Level, 1in 2475 Year PSHA .........ooi ittt 58
Building Loss Ratio, Retrofit Building Design Level, 1in 2475 YEar PSHA .......coo it e e 59
Daytime Casualty Rate, Retrofit Building Design Level, 1in 2475 Year PSHA .......cooo et 60
Building Recovery Time, Retrofit Building Design Level, 1in 2475 Year PSHA .........cocoiieiiiee et 61



Abstract

Natural Resources Canada, as part of its Public Safety Geoscience program, worked in cooperation with the District of North
Vancouver (DNV) and other partners to develop and test methodologies that are appropriate for assessing earthquake risk at a
municipal scale in Canada. The earthquake loss estimation software, Hazus-MH, was used to analyze the losses to buildings,
infrastructure, and people in the District and to estimate the damage and injuries resulting from earthquakes. The initial analysis
was repeated to show possible changes in outcome if buildings in the community were assumed to be retrofitted to modern
building codes. This Risk Map Atlas provides a selection of maps and notes showing the inventory of buildings and
infrastructure, hazard parameters, and results from the study. The Atlas is intended to help similar Canadian communities in the
development of an earthquake risk assessment.

Scientific Disclaimer

Natural Resources Canada (NRCan) has developed the capacity to model consequences of hypothetical earthquakes for Canada.
Results demonstrating this capability have been modelled with Hazus-MH loss estimation software in consultation with other
seismic risk assessment experts. Mapped impacts and losses are based on reasonable assumptions and simplifications. Analyses
of potential impacts of topography, basin structure, aftershocks, tsunamis, and fire following, as well as scientific uncertainty
and interdependency, have NOT been included in this study. The Data on these maps are intended to convey regional trends
and should be used as a guide only. The results shown do not replace site specific geotechnical investigations for design,
construction, or engineering purposes.

Introduction

The threat to public safety and the damage costs due to natural hazard events in Canada is large. The goal of the Public Safety
Geoscience Program of Natural Resources Canada is to provide practical geoscientific information that helps Canadians reduce
future losses from natural hazards. The purpose of the Quantitative Risk Assessment Project, one of the activities under the
program, is to adapt, test, and validate best practice methods and tools to support the assessment of natural hazard risks in
Canada. Until now, no national methodology has been available in Canada for assessing earthquake risk.

The Earthquake Risk Study for the District of North Vancouver was the pilot study to explore earthquake risk and potential loss
reduction at a municipal scale. As a growing community situated on the Pacific Ocean and in the seismically active region of the
Coast Mountains, the District of North Vancouver is challenged to understand and assess its risks from potentially damaging
earthquakes.

This study used the US Federal Emergency Management Agency’s (FEMA) Hazus-MH loss estimation modelling software which
was adapted for use in Canada by the Public Safety Geoscience Program of Natural Resources Canada. The modelling program
was used to estimate what might happen to the District of North Vancouver after an earthquake and the associated risks, such
as triggered landslides. The estimates include: the type of damage that can be anticipated in buildings, the number and severity
of injuries, the location of vulnerable buildings and populations, and the disruption to important services such as roads, water,
sewers, and electricity.

This Risk Map Atlas presents a folio of maps and accompanying notes that document the inventory, analytic methodologies, and
results of earthquake risk analyses on the buildings and facilities in the District of North Vancouver. This document mirrors the

case study report (Journeay et al., 2015) with a focus on Hazus-MH indicators that have a potential application in support of
emergency management, land use planning, infrastructure development, public safety, and financial and/or socio-economic
security.

Project Partners

The District of North Vancouver (DNV) is the lead municipal partner for this case study and responsible for overall context and
focus for the project. Primary roles include the sharing of detailed technical information about the community and critical
assets, and the identification of policy goals and target criteria that have guided all aspects of the risk assessment process. Staff
members from the Engineering department (Fiona Dercole, Michelle Weston and colleagues) have worked with research
partners at each step of the process and have provided important new insights on the needs and operational requirements for
earthquake risk reduction and disaster resilience planning at a municipal scale in Canada. They have worked with community
members of the Natural Hazards Task Force to review study results and to help transform the scientific and technical knowledge
about the risk environment into a form that will support both day-to-day and longer-term strategic planning activities in the
community. Staff members from the Geographic Information Systems, Asset Management, Engineering, and Land Use Planning
departments have provided data and assistance for this project.

The North Shore Emergency Management Office (NSEMO) coordinates cross-jurisdictional planning, preparedness, and the
development of core operational capacities that are required to support emergency response and recovery efforts on behalf of
the District of North Vancouver, the City of North Vancouver, and the District of West Vancouver. As a member of the
Integrated Partnership for Regional Emergency Management (IPREM) in Metro Vancouver area, NSEMO also acts as a liaison
between local and regional governments in the development of emergency plans and the coordination of disaster response and
recovery efforts. Staff members at NSEMO (Dorit Mason and colleagues) have provided technical information on essential
facilities and emergency service capacities in the region, and have contributed to the development of strategies for promoting
the use of earthquake risk information by local governments, the business community, and members of the general public.

The UBC Department of Civil Engineering is a leader in fundamental and applied research on seismic hazards and structural
engineering in Canada. Researchers at the Earthquake Engineering Research Facility (EERF; Carlos Ventura and Liam Finn)
worked with members of the NRCan team to assess local-scale seismic hazards using a combination of deterministic and
probabilistic ground motion models, and contributed vital information on building assets to support a site-specific analysis of
earthquake risks for the District of North Vancouver. In addition, they have provided important insights and recommendations
on seismic retrofit strategies that may be effective in reducing the vulnerabilities of older buildings that are susceptible to
severe earthquake hazards in the District.

Natural Resources Canada (NRCan: Public Safety Geoscience Program) is the lead researcher for the project and one of several
federal departments with a mandate to carry out fundamental research to help reduce the economic, social, and environmental
impacts from natural hazards in Canada. NRCan contributes to the mandate of increasing public safety and reducing future
losses through the generation of knowledge about geohazards (earthquakes, volcanoes, landslides, etc.) and through the
development of analytic methods for risk assessment that are needed to inform the design and operation of buildings and
engineered structures and the regulation of land use decisions, natural resource development, and emergency management
operations at local, regional and national scales. Researchers with the Public Safety Geoscience Program have taken a lead role
in the analysis and evaluation of earthquake risks for the District of North Vancouver through collaborative partnerships with
case study partners, and with academic colleagues at the University of British Columbia and Simon Fraser University.

Defence Research and Development Canada (DRDC) provided financial support to the project through the Canadian Safety and
Security Program (CSSP) (CSSP project number, Risk 09/10-0001SCP Quantitative Risk Assessment Project). This program is led



by Defence Research and Development Canada’s Centre for Security Science, in partnership with Public Safety Canada. The CSSP
is a federally-funded program to strengthen Canada’s ability to anticipate, prevent/mitigate, prepare for, respond to, and
recover from natural disasters, serious accidents, crime and terrorism through the convergence of science and technology with
policy, operations, and intelligence. Funding was provided for the adaptation, testing, and validation of best practice methods
and tools to support the assessment of natural hazard risks in Canada. Outputs of this study contribute to broader efforts led by
DRDC and Public Safety Canada to develop an all-hazards risk assessment framework to support policy goals and operational
requirements for a National Disaster Mitigation Program.

Project Overview

A risk assessment process involves a series of elements: knowledge, analysis, evaluation, and action. Knowledge encompasses
the understanding of risk, identifying hazards that could affect a community, and having a community profile of who and what
are vulnerable to the hazards. Analysis involves building scenario models for hazards based on available scientific and technical
information, and using the scenarios in a loss estimation methodology to assess the impacts and consequences of a hazard with
respect to building performance, public safety, lifeline resilience, and economic security. The evaluation element involves
looking at how much risk is tolerable to a community and developing “what-if” situations that model mitigation alternatives.
The action element is the implementation of mitigation steps to build community resilience to impacts from hazards.

Earthquake Risk: A natural hazard is an event or situation whose occurrence can cause damage or threaten lives. It is the

likelihood of a potentially destructive natural phenomenon, such as ground shaking induced by an earthquake. Exposure is the
measure of the amount of a structure or life that could be impacted by a potential hazard. These include the people, buildings,

and infrastructure that are important to communities. Vulnerability is the likelihood that the exposure assets will be damaged or

destroyed when exposed to a hazard event. Risk is the probability of a consequence, where the consequence is the composite
of the hazard, exposure, and vulnerability. Consequence is measured by factors such as amount of damage, injuries, and
anticipated socio-economic losses. Figure 1 illustrates the components of risk.

Hazard Exposure &

Vulnerability

Consequence

Figure 1. lllustrations that define each term used in the explanation of risk.

Earthquake risk assessment models need to incorporate all three aspects of risk. The location and characteristics of people and
buildings in a community is the Exposure aspect of the risk assessment. The Vulnerability of these assets is provided in the
database parameters about the people and buildings. Factors such as the construction material of the building and the
building’s seismic design code are measures of how vulnerable or resilient a building is to earthquake shaking. The Hazard is the
earthquake scenario that is used in the risk model and applied to the inventory. Hazard maps or shaking parameters are used to
model the ground shaking and also to determine whether that shaking will induce earth movement due to liquefaction and/or
landslides. The output of the risk assessment model is the measure of the likely impacts and consequences of that hazard event
on the inventory.

This process of risk assessment and management follows a modified version of the standardized process adopted by the
International Standards Organization and the Canadian Standards Association (CSA, 2009). Those modifications, which
emphasize use in risk-based land-use decisions, are covered by Struik et al. (2015).

Risk Assessment Model: The Multi-hazard Loss Estimation Methodology (Hazus-MH), developed by the US Federal Emergency
Management Agency (FEMA), was chosen as a best practise method. Under NRCan’s Quantitative Risk Assessment Project, the
Hazus-MH software was adapted for use in Canada. The software, associated databases, and a manual (for the earthquake
module) for Canadian users is published as Chow et al. (2014) and can be downloaded from www.hazuscanada.ca

The Hazus-MH model uses data contained in a database for each province and territory. The structure of the database includes:

e  Population demographics per census area
e Building inventory (the count, square footage, replacement cost, and content cost) for 33 classes of
occupancy, aggregated to census areas
* Residential — 11 classes
e Commercial — 10 classes
* Industrial — 6 classes
e Government — 2 classes
*  Education -2 classes
e Religion
e Agricultural
e Essential facilities (schools, fire stations, hospitals, police stations, and emergency operations centres)
e Transportation networks and facilities,
e  Utility networks and facilities, and
e High potential loss facilities (dams, levees, hazardous materials buildings, military facilities, and nuclear

facilities).

With the US version of Hazus-MH a full suite of inventory data is provided for each state, with information available for all of the
above listed items. For the Hazus-MH Canada model, a basic set of information is provided for users. The demographics
inventory and the residential occupancy building inventory were generated for census areas using data from Statistics Canada.
The buildings for commercial and industrial occupancies were generated from data purchased from Dun and Bradstreet and
aggregated per census area. Aggregated data for the other occupancies are currently not available with the Hazus-MH Canada
release. Also, data for essential facilities, transportation, utilities, and high potential loss facilities are not available for use with
Hazus-MH Canada.

The provincial/territorial aggregated inventory is provided for Canadian users as a starting point and it is strongly recommended
that users obtain local building inventories to update the aggregated values so that the risk assessment analysis may be more



current and apply to the local building characteristics. Users may also add local inventory features to the non-aggregated data
file in the provincial database. Data manipulation local information is required to conform to the Hazus database format.

The Hazus-MH model contains fragility curves and corresponding damage functions for each combination of building occupancy,
building type (construction material), and building seismic design level. These functions are used to analyze potential impacts of
an earthquake on collections of buildings (aggregate analysis) and on the specific infrastructure facilities. In addition, Hazus-MH
provides the capability to predict the extent and likelihood of damage to individual structures using more specific engineering
parameters in the Advanced Engineering Building Module (AEBM). At this most detailed level of analysis, Hazus-MH can be
used to evaluate the effectiveness of risk reduction strategies by altering building fragility curves to simulate the effects of
mitigation measures. The user can then make a comparison of the results with and without such measures in place.

District of North Vancouver: The District of North Vancouver was selected as an ideal candidate in which to test and validate
the methodology for assessment of earthquake risk and loss reduction. The District is one of 23 local governments represented
in the broader Metro Vancouver region. With a total population of approximately 2.3 million (2011 Canada Census) Metro
Vancouver is situated in the seismically active southwest corner of the British Columbia mainland. Bounded by the Georgia
Strait, Burrard Inlet, and the Coast Mountains, the District is a mid-sized urban community of approximately 83,000 people,
exposed to many natural hazards — earthquakes, landslides, liquefaction, flooding, debris flows, and wildfires.

The District is recognized as a leader for its work in establishing risk tolerance criteria to guide planning and policy development
in areas exposed to natural hazards. In 2011, the District received the United Nations Sasakawa Award for Disaster Risk
Reduction and it has been recognized as a “Role Model City” for the United Nations Program for Disaster Resilient Cities. Risk
management policies are currently focused on protecting people and critical assets from the impacts of debris flow, flood and
interface fire hazards. The District intends to use the knowledge from this study to strengthen the community’s resilience
capacity with respect to mitigation, preparedness, response, and recovery from earthquakes by identifying the people, buildings
and infrastructure that are most vulnerable.

Risk Assessment Exposure Data: To ensure the analysis is applicable to the characteristics of the municipality, the aggregated
inventory used by Hazus-MH was updated using the building inventory obtained from the District and building construction
information provided by EERF (Earthquake Engineering Research Facility at UBC). The information on individual buildings was
used to generate the parameters required for the Hazus database, such as building occupancy (residential, commercial,
industrial, etc.), building square footage, and building seismic design level. Building replacement costs and content costs were
calculated using square footage values along with the suggested cost per square foot values based on building occupancy, as
published in Hazus-MH manual (FEMA, 2012a). The generated list of buildings and parameters was aggregated for each census
area and transferred to the provincial database used by Hazus-MH. The location and parameters for schools and fire stations,
road and rail networks and bridges, and utility pipelines and facilities were also obtained from the District and added to the
database. (The hospital, emergency operations centre, and police station serving the District are located in a neighbouring
community.) Replacement costs for these facilities were calculated based on information provided by the District or by using the
suggested values in the Hazus-MH manual.

The list of individual buildings for the District was also prepared for use in the AEBM model. Specific AEBM parameters were
generated for each building based on its occupancy, building construction material, and seismic design level.

Earthquakes: For this study, analysis was performed using two earthquake assessments: the Georgia Strait, M7.3 event and a 1
in 2475 year Probabilistic Seismic Hazard Assessment (PSHA). The regional ground shaking intensities for each scenario and
potential damage are illustrated in Figure 2.

The Georgia Strait event represents a scientifically plausible major earthquake with a potential to generate losses that are

consistent with national guidelines for disaster mitigation and risk reduction planning. This event is accepted within the

earthquake scientific community as a suitable scenario for risk analysis and, as such, was chosen for this study. Section 3

provides more information on Georgia Strait event.

The 1in 2475 year assessment represents the ground shaking that is likely to occur in any given year for a recurrence interval of

1in 2475 years. By definition, probabilistic ground motion models represent the cumulative threat of all known earthquake

hazards at a specific location over a given future time horizon. Section 6 provides more explanation of probabilistic hazard

assessments and the 1 in 2475 year PSHA.

Further information on the measurement of ground shaking and the hazard maps associated with earthquake scenario is

provide in Sections 3 and 6.
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Figure 2. Probabilistic and deterministic ground motion models. These maps show the regional spatial distribution and

expected intensities of ground shaking for the two earthquakes used in this study. Sources: Adapted from Petersen et al. (2008);
USGS shakemaps.

Analysis: For each earthquake model, the damage and loss estimation analysis was run on the aggregated building inventory,

the essential facilities, the transportation networks, and the utility networks and facilities. The AEBM analysis on the individual

buildings was run twice; first with the current known seismic design level for each building; second with a modified seismic

design level applied to some of the buildings to assume a retrofit to modern building code. This procedure represents a “what-

if” situation and shows the possible changes in outcome if mitigation actions were applied.

The following factors are NOT considered in our analysis for the District of North Vancouver:

Model and system interdependencies

Uncertainty
Aftershocks

Basin and topographic effects

Fire-following
Tsunami.



Results: The risk assessment analysis for each earthquake assessment for this study resulted in three sets of information.
The results for the population and building data aggregated to census area include the estimated:

e Number of injuries and fatalities

e Social impacts such as population requiring shelter

e Level of building damages per census area based on Occupancy or Building (construction) Type
¢ Value of dollar loss due to the building damage

¢ Amount of building debris due to the building damage.

The above listed results are not shown in this atlas.
The results for the facilities inventory include the estimated:

e Level of damages and dollar loss to individual schools and fire stations
* Level of damages and loss of functionality to transportation systems and road bridges
* Level of damages and loss of functionality to utility facilities and pipelines

The results for the individual buildings using the AEBM analysis include the estimated:

e Level of damages to individual buildings using current seismic codes

e Level of damages to individual buildings using hypothetical mitigated seismic codes
e Value of dollar loss due to building damage

¢ Number of injuries or fatalities to population in individual buildings

e Recovery and repair time for individual buildings

Atlas Maps: This Risk Map Atlas provides a selection of the results from the study. Brief descriptive notes are shown on each
map and more detailed notes are provided in the following sections. A thorough report of the study and the results can be
found in the District of North Vancouver case study report (Journeay et al., 2015), from which some descriptive notes in this
atlas have been extracted.

The maps in this atlas have been divided into eight sections based on the information each map is displaying. The Community
Exposure maps show the location and characteristics of the buildings in the District. The Hazard Potential maps show the
characteristics of the land which present hazards that will influence any earthquake scenario. The Hazard Maps show the
shaking parameters for the specific earthquake scenario. The Consequence/Damage maps show the type and amount of
damage or injuries for the specific earthquake scenario as estimated by the Hazus-MH model. The Resilience/Mitigation maps
show the type and amount of damage or injuries for the specific earthquake with hypothetical mitigation parameters applied to
some buildings.

On the maps in this publication, the building characteristics (occupancy, building type/material, building seismic code) are
shown for individual buildings. The analysis results for schools, fire stations, bridges, and utility facilities are also shown for
individual structures. The results from the AEBM analyses performed on all of the individual buildings are not displayed for the
individual buildings in this document. Instead the results indictors have been grouped to indicate regions of similar values.
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Section 1: Community Exposure Maps Exposure &

Vulnerability

Introduction

Building location, occupancy, and infrastructure data and
characteristics were provided by the District of North Vancouver GIS

department in 2010. Road and utility replacement costs were provided

by the Asset Management department the same year. Additional

information on schools, fire stations, and road bridges were provided
by DNV personnel in 2012.

Map 1A. District of North Vancouver, Community Overview

The District of North Vancouver is one of three municipalities who coordinate emergency management services through the
North Shore Emergency Management Office. The District covers more than 160 square kilometres, spreading from the sea level
shorelines of Burrard Inlet and Indian Arm to the heights of Grouse Mountain (1231 metres) and Mount Seymour (1449 metres).
The current population of approximately 85,000 people lives primarily at the lower elevations in an urban area covering
approximately 45 square kilometres. The rest of the area (78%) is designated as natural green space with forest and parkland
managed by Provincial, Metro Vancouver, or District agencies. The District also encompasses two First Nation communities.
There are four town/village centres in the Official Community Plan (OCP) where the District is proposing further development of
commercial and residential buildings.

Map 1B. District of North Vancouver, Building Occupancy

There are approximately 23,000 buildings in the District of North Vancouver. Residential development began in the late 1800s
and proceeded rapidly through the 1950s to 1970s. Many of the older neighbourhoods and town centres are situated along the
waterfront and valley escarpments — areas that have been significantly modified over the years with anthropogenic fill to
accommodate increasing demands for growth and development in the community. Map 1B shows the distribution of use (or
occupancy class) of the buildings. The occupancy classes are defined by those required by the Hazus-MH loss estimation
software used in this study (FEMA, 2012a, Table 3.2). Using the categories of Building Type and Subtype from the information
supplied by the District, the Hazus occupancy classes were assigned to buildings.

Single family homes make up over 89% of the buildings in the District while multi-family buildings account for 4%. The
residential buildings spread from the waterfront to the slopes. The commercial buildings (2.6% of the building) are concentrated
in the established town centres and along the waterfront. Industrial buildings (2.5% of the buildings) are situated mainly along
the waterfront. In the Hazus-MH earthquake loss estimation software, the extent of economic loss and social disruption that is
expected is based on building use (occupancy class) and the level of physical damage sustained as a result of the earthquake
scenario.

Map 1C. District of North Vancouver, Building Construction Material

Thirty-six building types are used in the Hazus-MH model to classify specific characteristics of construction within the general
categories of wood, steel, concrete, masonry, and mobile homes (FEMA, 2012a, Table 3.1). Building type, along with the seismic
design level, is used in Hazus-MH to predict the extent of physical damage to a building, which in turn is used to determine the
potential for injury and loss of functionality for any given level of ground shaking.

The construction material information for the buildings within the District was provided by the researchers at the Earthquake
Engineering Research Facility in the Department of Civil Engineering at the University of British Columbia. The majority (89%) of
buildings in the District of North Vancouver are wood frame single-family homes. Although generally resistant to ground

shaking, most residential structures in the District are not engineered to withstand ground deformation hazards caused by
liquefaction and/or earthquake triggered landslides. The multi-family condominium, apartment, and townhouse complexes in
the District are constructed of wood, with a few of them built of concrete or masonry. Most of the commercial and industrial
buildings are made of concrete, wood, or unreinforced masonry that predate modern seismic design codes. Many of these
buildings are located in areas exposed to both ground shaking and ground deformation hazards.

Map 1D. District of North Vancouver, Building Seismic Design Level

A seismic design level was assigned to each building in the District of North Vancouver inventory used for this study. The seismic
code was determined based on available information regarding the age and type of construction material, and whether the
building has been seismically retrofitted since the time of construction.

Performance-based guidelines were introduced into the National Building Code of Canada in the early 1970s to reduce levels of
damage and to ensure minimum thresholds of safety for people in areas exposed to earthquake hazards. However,
enforcement of these guidelines only applies to new construction and/or buildings undergoing significant renovation as part of
the development approval process. Seismic design codes were introduced in the District of North Vancouver in 1973. The
number of older buildings in the District that pre-date or were designed to lower design thresholds far exceeds the number of
buildings that conform to modern building codes. Nearly 67% of all buildings were constructed prior to the adoption of modern
seismic design codes. The majority of these structures (93%) are single and multi-family residential structures of wood-frame
construction.

The guidelines used to determine the current seismic design code for the buildings in the District are:

Pre-Code: Built before 1973 or year built is unknown

Low Code Special: Built between 1973 and 1990 and Building Type is Wood, Steel, or Concrete
Low Code: Built between 1973 and 1990 and Building Type is Masonry, Mobile, or other
Moderate Code Special: Built from 1990 to 2005 and Building Type is Wood, Steel, or Concrete
Moderate Code: Built from 1990 to 2005 and Building Type is Masonry, Mobile, or other

High Code Special: Built 2005 or later and Building Type is Wood, Steel, or Concrete

High Code: Built 2005 or later and Building Type is Masonry, Mobile, or other

Seismic design code, along with the building type, is used by Hazus-MH to predict the extent of physical damage to a building,
which in turn is used to determine the potential for injury and loss of functionality for any given level of ground shaking. For
each combination of building type and seismic design code there is a fragility curve and corresponding damage function that is
used in the Hazus-MH model to analyze potential impacts of an earthquake.

Map 1D shows the distribution of seismic design levels for the District building, based on current conditions.

Map 1E. District of North Vancouver, Social Vulnerability

Social vulnerability looks at characteristics of a community that have the potential to amplify the negative impacts and
consequences of a disaster event. The analysis is based on the well-known ‘hazards of place’ model and is described further in
Journeay et al. (2015). Key characteristics for social vulnerability include:

e the extent to which people are susceptible to the physical impacts of a major earthquake;
¢ the social and economic variables that enable some to take actions that minimize the impacts of a hazard event while
forcing others to succumb; and

* the demographic variables that influence capabilities to cope with and recover from the impacts of a disaster event.



Variables used to measure these social characteristics include age, income, physical ability, housing characteristics, access to
emergency social services, the degree of connectedness in a community, plus other variables. Knowing who is most vulnerable,
and the underlying socio-economic drivers, provides insights on the types of emergency services that are likely to be needed in
areas during response and recovery operation.

Map 1E shows the distribution of social vulnerable population in the District, based on the many factors analyzed as part of a
regional assessment undertaken to identify trends for Metro Vancouver.
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Section 2: Hazard Potential Maps Hazard

Introduction

Shaking from earthquakes can generate ground forces that have the
potential to cause permanent deformation of the earth’s surface.

Ground deformation can include displacement due to earthquake-
triggered fault ruptures, liquefaction of water-saturated soil, and/or

landslide activity along steep, unstable slopes. The maps in this section
show the susceptibility of the soils in the District of North Vancouver to
liquefaction and landslides. These factors are relevant to all earthquakes.

Map 2A. Liquefaction Susceptibility

Liquefaction susceptibility is the potential for soil to liquefy. Liquefaction describes the behavior of water-saturated soils that
lose strength and internal cohesion as a result of excess pore pressures generated by intense ground shaking. Prior to an
earthquake, the weight of buried soils rests on a framework of sand grains that are saturated with groundwater under static
conditions. Ground shaking disrupts the sand grain framework so that the overlying weight is no longer supported along grain
boundaries, thereby increasing pore water pressure causing the entrainment and flow of soil particles and loss of internal
cohesion. Liquefaction causes the sandy, saturated soils to behave temporarily like quick-sand which reduces the support for
overlying buildings, roadways and other infrastructure. The likelihood of liquefaction at any given location is governed by a
number of factors that include the frequency and duration of ground shaking, the degree of groundwater saturation, grain size
distribution, and thickness of surficial materials.

The liquefaction susceptibility map was generated for this study using geological information from the surficial geology map of
the District of North Vancouver (Bednarski, 2014). Based on the geological characteristics of age, depositional environment, and
material type, a liquefaction rating was assigned to each soil type. The classification system for this rating assignment is that
presented by Youd and Perkins (1978), summarized in Table 4.10 of FEMA, 2012a, and shown in Table 1.

For analysis in the Hazus-MH model, liquefaction susceptibility is divided into five classes, from Very Low to Very High. Map 2A
shows that, in the District of North Vancouver, the areas with high susceptibility to liquefaction are located along parts of the
waterfront and at the mouths of the creeks. These areas contain soft soil and sediment deposited where the creeks enter
Burrard Inlet. See Map 2C for the soil class map.

Map 2B. Landslide Susceptibility

Earthquake-triggered landslides are particularly common in mountainous terrain and in regions along the coast where rock and
soil slopes are weakened through saturation from snowmelt and heavy rains, and have been undercut by glaciers, rivers and/or
ocean waves. Landslides include a variety of rock falls and deep-seated slumps of rock and/or surficial materials. They occur
primarily on steep slopes where intense ground shaking can cause shear stresses due to ground shaking intensities exceed the
frictional resistance within rock masses and soil horizons

Landslide susceptibility maps show areas with the potential for material to slide downslope. The landslide susceptibility map for
this study was generated using the relationship proposed by Wilson and Keefer (1985) and recommended in the Hazus-MH
Earthquake Technical Manual (FEMA, 2012a). The susceptibility is based on the type of geology and soil, the ground water level,
and the slope angle (Table 2). Depth to ground water was interpolated on the basis of water well control points and
hydrogeologic units.

General Likelihood that Cohesionless Sediments when saturated would be
Distribution of Susceptible to Liquefaction (by Age of Deposit)
Type of Deposit Cohesionless . .
sediment in <500 yr Holocene Pleistocene Pre-Pleistocene
. Modern <11 ka 11ka-2 Ma >2Ma
Deposits
(a) Continental Deposits
River Channel Locally variable Very High High Low Very Low
Flood Plain Locally variable High Moderate Low Very Low
Alluvial fan and plain Widespread Moderate Low Low Very Low
Marine terraces and plains Widespread Low Very Low Very Low
Delta and fan-delta Widespread High Moderate Low Very Low
Lacustrine and playa Variable High Moderate Low Very Low
Colluvium Variable High Moderate Low Very Low
Talus Widespread Low Low Very Low Very Low
Dunes Widespread High Moderate Low Very Low
Loess Variable High High High Unknown
Glacial till Variable Low Low Very Low Very Low
Tuff Rare Low Low Very Low Very Low
Tephra Widespread High High ? ?
Residual soils Rare Low Low Very Low Very Low
Sebka Locally variable High Moderate Low Very Low
(b) Coastal Zone

Delta Widespread Very High Low Very Low
Esturine Locally variable High Moderate Low Very Low
Beach

High Wave Energy Widespread Very High Low Very Low Very Low

Low Wave Energy Widespread High Moderate Low Very Low
Lagoonal Locally variable High Moderate Low Very Low
Fore Shore Locally variable High Moderate Low Very Low

(C) Artificial

Uncompacted Fill Variable Very High - - -
Compacted Fill Variable Low --- - -

Table 1. Liquefaction susceptibility of sedimentary deposits. (FEMA, 2012a)

Landslide deformation is measured in terms of critical acceleration of the landslide mass and the magnitude of lateral
displacement down the slope. For the Hazus-MH model, landslide susceptibility is measured on a scale of 1 to 10 (I to X), with
10 being the most susceptible. Results calculated for this study are consistent with those calculated using the method adopted
by the Association of Professional Engineers and Geoscientists of British Columba guidelines for legislated landslide assessment
for proposed residential developments (APEGBC, 2010).

In the District of North Vancouver, the landslide susceptibility is moderate to high at locations along the Seymour River valley,
along the Lynn Creek valley, around Capilano Lake, and on the southern slope of the Pemberton Heights neighbourhood.

Map 2C. National Earthquake Hazard Reduction Program (NEHRP) Soil Class

The US National Earthquake Hazard Reduction Program (NEHRP) has defined five seismic site categories (A — E) based on their
average travel time-weighted shear wave velocity down to a depth of 30 metres (see Table 3), although classes C, D, and E can
also be defined through standard penetration resistance or undrained shear strength. A sixth category, F, is defined for special
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case soils (e.g. liquefiable soils, quick and highly sensitive clays, peat, etc.) and site specific geotechnical investigations are
required to assess seismic amplification. In general, the amplification factors given by the 2010 National Building Code of
Canada indicate that the expected level of ground shaking increases up to four times between classes A to E due to decreasing
soil stiffness.

Map 2C shows the NEHRP seismic site classes for the District of North Vancouver. These site classes are based on detailed
mapping of surficial deposits within the District (Bednarski, 2014). Standard Penetration Test (SPT) measurements from eighty
boreholes were used to validate and refine Vs30 estimates for both surface and subsurface materials (Prieto and Ventura,
2013). An additional ninety in situ micro-tremor measurements (UBC Earthquake Engineering Research Facility unpublished
data) and direct observation of site period characteristics at 3 sites were used to further improve our interpretation of Vs30 and
seismic response characteristics (Molnar, 2012). Category F is not used in the Hazus-MH model.

Slope Angle, degrees
0-10 | 10-15 | 15-20 | 20-30 | 30-40 | >40
(a) DRY (groundwater below level of sliding)

Geologic Group

Strongly Cemented Rocks (crystalline
A | rocks and well-cemented sandstone, None None | 1l I\ VI
¢’ =300 psf, @’ = 35°)

Weakly Cemented Rocks and Soils
B | (sandy soils and poorly cemented None 1 v \Y \ \l
sandstone, ¢’ =0, ®’ = 35°)
Argillaceous Rocks (shales, clayey soil,
C | existing landslides, poorly compacted \Y VI Vil IX IX IX
fills, ¢’ =0, @’ = 20°)

(b) WET (groundwater level at ground surface)

Strongly Cemented Rocks (crystalline
A | rocks and well-cemented sandstone, None 1l VI VII VIl VIl
¢’ =300 psf, @’ = 35°)

Weakly Cemented Rocks and Soils
B | (sandy soils and poorly cemented \Y VI IX IX IX X
sandstone, ¢’ =0, @’ = 35°)
Argillaceous Rocks (shales, clayey soil,
C | existing landslides, poorly compacted Vil IX X X X X
fills, ¢’ =0, @’ = 20°)

Table 2. Landslide susceptibility of geologic groups. Susceptibility is categorized in values | to X. (FEMA, 2012a)

Average Properties in Top 30 m, as per Appendix A
. Ground Profile Average Shear Wave Average Standard Soil Undrained Shear
Site Class . . .
Name Velocity, Penetration Resistance, Strength,
Vs (m/s) Neo Su
A Hard rock Vs > 1500 n/a n/a
Rock 760 < Vs <1500 n/a n/a
Very dense soil and o _
C 360 < Vs <760 Ngo > 50 s, > 100 kPa
soft rock
D Stiff soil 180 < V5 < 360 15 < Ngp <50 50 kPa < s, <100 kPa
Vs <180 Ngo < 15 s, <50 kPa
Any profile with more than 3 m of soil with the following characteristics:
E Soft soil e  Plasticity index: Pl > 20
e  Moisture content: w £ 40%, and
e Undrained shear strength: s, < 25 kPa
F Other soil™ Site-specific evaluation required

™ Other soils include:

a. Liquefiable soils, quick and highly sensitive clays, collapsible weakly cemented soils, and other soils

susceptible to failure or collapse under seismic loading

b.  Peat and/or highly organic clays greater than 3 m in thickness

c.  Highly plastic clays (Pl > 75) more than 8 m thick, and

Soft to medium stiff clays more than 30 m thick.

Table 3. National Earthquake Hazard Reduction Program (NEHRP) seismic site classes. (NBC, 2010)
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Hazard

Section 3: Hazard Maps, Georgia Strait Event

Earthquake Event Hazard Maps

The pattern and intensity of ground shaking due to an earthquake will
vary as a function of the distance from the earthquake source, the
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attenuation of seismic energy as it moves through the earth’s crust,

and the modification of seismic energy by localized geological factors

such as soil conditions and bedrock density (local site amplification).
The combined effects of shaking and amplification are commonly represented as a ground motion model that shows both the
spatial distribution and intensity of ground motion parameters at any given location. The model includes data for

e Peak Ground Velocity (PGV): the maximum change in displacement over time, measured in cm/sec

e  Peak Ground Acceleration (PGA): the maximum increase in velocity over time, measured in %g

e Spectral Acceleration at 0.3 second: maximum acceleration of an object at reference period 0.3 sec, measured in g
e  Spectral Acceleration at 1.0 second: maximum acceleration of an object at reference period 1.0 sec, measured in g

Spectral acceleration is measured at different time periods. The values provide a measure of what a building is likely to
experience for short and long periods of vibration. Short period spectral accelerations at 0.3 second are used to predict
expected patterns of structural damage for low-rise buildings (1-3 stories). Longer period spectral accelerations at 1.0 second
are used to predict expected patterns of damage for taller buildings and linear engineered structures that have a natural period
of oscillation at these longer time periods.

Hazus-MH loss estimation software uses the data from ground motion models for its ‘User-supplied’ hazard type analysis.

Amplification factors based on the NEHRP soil classes and the 2010 National Building Code of Canada have been developed for
Canada (Table 4). These factors are applied to the ground motion values to assess the distribution and intensities of ground
shaking over a range of frequencies. The factors have been applied to the ground shaking values developed for the two
earthquake scenarios chosen for this study.

Permanent deformation of the earth’s surface can result from the ground forces generated by earthquake shaking. Permanent
Ground Deformation (PGD) maps are necessary for the evaluation of potential damage to roads and pipelines in Hazus. The
maps include:

e Liquefaction Probability

e Permanent Ground Deformation as a result of Lateral Spreading due to Liquefaction
*  Permanent Ground Deformation as a result of Settlement due to Liquefaction

e Landslide Probability

e  Permanent Ground Deformation due to Landslide

NRCan project members generated the suite of hazard maps for each of the two earthquake assessments used in this study.
Maps showing the PGD displacement as a result of Lateral Spreading due to Liquefaction and the PGD due to Landslide are
included in Sections 3 and 6. Local factors are incorporated into the hazard maps for this project.

Measuring Earthquakes

The relative severity of a seismic event can be measured in terms of earthquake magnitude and/or intensity. As an example, the
magnitude of an earthquake is analogous to the power output of a radio signal at its source (energy), whereas intensity and
ground motion is analogous to the signal strength at a receiver location some distance away from the source (vibration). The

SO.Z 51‘0
Site Class | <0.25 | 0.50 | 0.75 | 1.00 | 21.25 Site Class | <0.25 | 0.50 | 0.75 | 1.00 | >1.25
0.7 07 | 08 0.8 0.8 A 0.5 0.5 0.5 0.6 0.6
B 0.8 0.8 | 09 1.0 1.0 B 1.6 0.7 0.7 0.8 0.8
c 1.0 1.0 1.0 1.0 1.0 C 1.0 1.0 1.0 1.0 1.0
D 1.3 1.2 1.1 1.1 1.0 D 1.4 1.3 1.2 1.1 1.1
E 2.1 1.4 1.1 0.9 0.9 E 2.1 2.0 1.9 1.7 1.7

Note: Use straight-line interpolation for intermediate values of S, ,
® Site-specific geotechnical investigations and dynamic site response analysis should be performed.

Table 2. Amplification factors for Canada (Prieto and Ventura, 2013)

overall magnitude of an earthquake is assessed indirectly using a combination of instruments that measure the type, frequency,
period, and duration of seismic waves as they arrive at the Earth’s surface. The intensity of ground shaking is measured in terms
of the extent to which people experience the effects of horizontal and vertical ground motions under their feet, and the severity
of damage to structures and natural features.

The magnitude scale measures earthquake magnitude in terms the relative amplitude of a seismic wave with respect to a
reference standard. It is suitable for reporting small and medium-sized earthquakes (<M6), but has been superseded in most
countries by the Moment Magnitude scale, which provides a more robust and internally consistent measure of magnitude for
earthquakes of larger sizes. Moment magnitude measures the total amount of energy released during an earthquake event. It is
a function of the overall mass of rock that has shifted within the Earth’s crust, the amount of displacement along the fault
surface and the size of the rupture zone.

The intensity of an earthquake is often measured using the Modified Mercalli Intensity (MMI), a graduated scale that describes
the effects of an earthquake. Each of the MMl scale intervals represents what people have felt or are likely to experience on the
ground, and expected levels of damage to buildings, engineered structures, and natural features (See inset figure in Maps 3A to
3D and 6A to 6D). The intensity of an earthquake is a function of overall magnitude, distance away from the epicenter, site
conditions, and the type of structures in which people are situated. Earthquakes of equivalent magnitude in two separate
locations with different patterns of human settlement will generate very distinct MMI intensity patterns with different levels of
corresponding damage and loss

The Georgia Strait Event

The Georgia Strait event represents a M7.3 shallow crustal earthquake in the Strait of Georgia (Figure 3), between Vancouver
Island and the BC mainland. It is a scientifically plausible major earthquake with a potential to generate losses that are
consistent with national guidelines for disaster mitigation and risk reduction planning. Although credible, the event is not a
prediction of what is most likely to happen, nor is it a worst-case scenario. It does provide information on what might be
expected if a near-source catastrophic earthquake were to occur at some point in the future. The use of a deterministic event in
a scenario-based risk assessment method will quantify the likely impacts and consequences of a plausible earthquake on the
assets of a community.

Because the earthquake epicentre for the Georgia Strait is located close to the Earth’s surface, shaking would be felt widely
throughout the BC lower mainland and Vancouver Island, with very strong shaking in the Metro Vancouver area. The ground
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Perceived Damage
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Strong Non-
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general structural
panic damage
Very Violent Extreme
general structural
panic damage

Figure 3. Georgia Strait earthquake event epicentre and regional ground shaking intensity values. Source: USGS shakemap.

shaking maps for the District of North Vancouver were generated specifically for this project. Methods used to generate the
maps are discussed in Prieto et al, 2013. Amplification factors based on the NEHRP soil classes and the 2010 National Building
Code of Canada have been applied to the ground shaking values for Georgia Strait.

Map 3A. Peak Ground Velocity, Georgia Strait Event

Peak ground velocity (PGV) is a measure of the maximum change in displacement over time that a particle is likely to experience
during an earthquake. It has been shown to be a reliable indicator of general building damage patterns. Values for PGV are
measured in cm/sec. Map 3A shows the PGV values for a Georgia Strait event.

Map 3B. Peak Ground Acceleration, Georgia Strait Event

Peak ground acceleration (PGA) is a measure of the maximum increase in velocity over time that a particle is likely to experience
during an earthquake. Acceleration is measured as a force and expressed in units of %g. The PGA values are used primarily in
assessing the potential for seismically induced ground deformation. Map 3B shows the PGA values for the Georgia Strait event.

Map 3C. Permanent Ground Deformation by Lateral Spreading due to Liquefaction, Georgia Strait Event

Permanent ground deformation hazards caused by liquefaction can include: 1) lateral spreading as soil horizons fail suddenly
and are displaced horizontally in a viscous state, and/or 2) vertical settlement caused by changes in soil volume and settling
during the shaking event. The amount and type of displacement will vary as a function of ground shaking intensity and localized
geologic setting. Map 3C shows the estimated movement of ground material as a result of lateral spreading due liquefaction for
a Georgia Strait event.

Map 3D. Permanent Ground Deformation due to Landslide, Georgia Strait Event

Permanent ground deformation caused by landslide movement represents the movement of ground material downslope due to
shaking from an earthquake event. The spatial extent and pattern of permanent ground deformation is controlled by local
factors such as bedrock geology, surficial geology, soil conditions, slope gradient, and groundwater hydrology. Map 3D shows
the estimated movement of ground material as a result of landslides, for the Georgia Strait M7.3 event.

Map 3E. Spectral Acceleration at 0.3 second interval, Georgia Strait Event

Spectral acceleration describes the maximum acceleration in an earthquake on an object at a specific time period and is
measured in units of force (g). Map 3E shows the short period spectral acceleration at the 0.3 second interval for the Georgia
Strait event.

Map 3F. Spectral Acceleration at 1.0 second interval, Georgia Strait Event

Spectral acceleration describes the maximum acceleration in an earthquake on an object at a specific time period and is
measured in units of force (g). Map 3F shows the spectral acceleration at the 1.0 second interval for the Georgia Strait event.
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Map 3A. Ground motion intensity is measured in terms of the
acceleration and rate of displacement of a point at the Earth’s
surface over a given time interval. The peak displacement over
time is reported as Peak Ground Velocity (PGV) in cm/sec. Map
3A shows the values for the Georgia Strait event. The values for
the District have been adjusted to account for the local site
amplification factor of soil condition.
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Capilano ; Map 3B. Ground motion intensity is measured in terms of the
Lake acceleration and rate of displacement of a point at the Earth’s
surface over a given time interval. The peak acceleration is
reported as Peak Ground Acceleration (PGA) in %g. Map 3B
shows the values for the Georgia Strait event. The values for
the District have been adjusted to account for the local site
amplification factor of soil condition.
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(86) | Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. Reservoirs
seriously damaged. Underground pipes break. The ground cracks. Sand craters form in some areas.
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Section 4: Consequence/Damage Maps, Georgia
Strait Event

Consequence

Introduction

Maps 4A to 4D show the results for the detailed level of analysis using
the Advanced Engineering Building Module. Each building in the District
of North Vancouver inventory was assigned a fragility curve based on
its occupancy, building material, and seismic code. For illustration
purposes for this publication, the results for the individual buildings have been grouped into polygons to illustrate regions of
similar damage values. The Geographic Information System (GIS) process to create Thiessen polygons from points was used to
create polygons around the individual buildings. The polygons were then dissolved based on analysis results to create regions of
identical results. Note that the Thiessen analysis creates polygons to cover the entire area of analysis, and may create a large
polygon where only one dot exists. Small polygons have been filtered out. As a result of this process, the results for individual
buildings cannot be identified.

Maps 4E to 4H show the results for specific facilities and infrastructure assets in the District.

Map 4A. Building Damage State, Current Building Design Level, Georgia Strait Event

In the Hazus-MH model, damage state probabilities are analyzed for both structural and non-structural components of the
building system, and are used to calculate various types of building-related losses. Structural damage encompasses cracks
and/or failure of load-bearing elements of a building including walls, columns (posts & pillars), beams (girders & joists), braces,
floor and roof components (sheathing, slabs, etc.) and underlying building foundations. Non-structural damages encompass
failure and/or toppling of ceilings, windows, mechanical systems (water, power, heating, etc.), furnishings, and building
inventory.

Hazus-MH calculates the probability of a building sustaining damage as one of five possible Damage States: None, Slight,
Moderate, Extensive, and Complete. (Table 5)

To represent the building damage states resulting from a Georgia Strait event, Map 4A shows the damage state with the
greatest value for each building. Note that the probability values for two or more damage states may be close but the damage
state with the highest values was chosen for the map. For example, a building may have a 29% probability of experiencing
Complete damage state and a 28% probability of experiencing Moderate damage state and would then be represented on the
map as a building likely to experience a Complete damage state. The map is provided to show an overview of general regions of
similar damage states.

Map 4B. Building Loss Ratio, Current Building Design Level, Georgia Strait Event

The loss ratio represents the relationship between the estimated loss value and the replacement value of the building and
contents. For Map 4B the estimated total loss for the building (structural, non-structural, and content) is divided by the total
pre-event value of the building (replacement cost and content value).

Loss ratio values are computed as a standard measure of losses. The ratio, as opposed to actual dollar values, provides a means
of comparing losses across an area and with other events. The loss ratio provides a value that is independent of the value of the
building.

Damage State Description
Small plaster cracks at corners of door and window openings and wall-
Slight ceiling intersections; small cracks in masonry chimneys and masonry
D veneers. Small cracks are assumed to be visible with a maximum width of
less than 1/8 inch (cracks wider than 1/8 inch are referred to as “large”

cracks).

Large plaster or gypsum-board cracks at corners of door and window
Moderate | openings; small diagonal cracks across shear wall panels exhibited by
small cracks in stucco and gypsum wall panels; large cracks in brick
chimneys; toppling of tall masonry chimneys.

Large diagonal cracks across shear wall panels or large cracks at plywood
Extensive | joints; permanent lateral movement of floors and roof; toppling of most
brick chimneys; cracks in foundations; splitting of wood sill plates and/or
slippage of structure over foundations.

Structure may have large permanent lateral displacement or be in
t Complete imminent danger of collapse due to eripple wall failure or failure of the

lateral load resisting system; some structures may slip and fall off the
foundation; large foundation cracks. Three percent of the total area of
buildings with Complete damage is expected to be collapsed, on average.

Table 3. Description of Damage States. (FEMA, 2012b)

Map 4C. Daytime Casualty Rate, Current Building Design Level, Georgia Strait Event

Casualty estimates are calibrated on the basis of empirical data gathered from historic earthquake events and are limited to
physical impacts caused by earthquake damage. Not considered in the analysis are the effects of secondary health issues (e.g.
heart attack, psychological effects) or accidents that may occur during emergency response/recovery operations.

Hazus-MH divides the casualties into four categories. Level 1 injuries include severe cuts, first and second-degree burn, sprains,

bruises and head injuries that do not result in loss of consciousness. These are injuries that would require basic medical aid that
would be administered in the field by paramedics or those trained in emergency first aid. Hazus-MH does not estimate the
number of Injuries that are less severe and that could be self-treated. Level 2 injuries include more severe burns, fractured

bones, dehydration and head injuries that would result in loss of consciousness. These are injuries that would require a greater
degree of medical care but are not expected to be life threatening. Level 3 injuries are more severe and may include
uncontrolled bleeding, spinal injuries and damages to internal organs caused by physical crushing beneath heavy objects that
have toppled or fallen during the earthquake. These are injuries that may pose an immediate life threatening condition if not
treated expeditiously by trained medical professionals. Level 4 injures include mortal wounds caused by toppling and/or

building collapse that result in death before emergency care can be administered.

Map 4C shows the estimated injury/casualty rate for a daytime event (occurring at 2 pm). The rate is calculated as the
proportion of people in a building who are expected to sustain injuries that would require medical attention or that might result
in loss of life. The values for all four injury levels were totaled then divided by the population of the building.

Map 4D. Building Recovery Time, Current Building Design Level, Georgia Strait Event

Hazus-MH estimates the Repair Time and Recovery Time for buildings to be returned to pre-event conditions. Repair (or
construction) times are a function of damage state and building occupancy. Recovery time estimates include repair time, plus
cleanup time, delays in decision making, financing, inspection, etc. The Recovery Time values represent “estimates of the
median time for recovery of building functions.” (FEMA, 2012a, page 15-19) Recovery Time is based on individual buildings and
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there is no interdependency between the buildings. Hazus-MH estimates the results for Recovery Time in discrete values: 2, 5,
10, 20, 60, 90, 120, 135, 270, 360, 480, 720, and 960 days. Map 4D shows the estimated recovery time for buildings.

Map 4E. School Buildings and Fire Stations, Building Damage State, Georgia Strait Event

As described in Map 4A, Hazus-MH calculates the probability of a building sustaining damage due to an earthquake event as one
of five possible Damage States. Map 4E shows the damages states with the greatest probability value, for each school and fire
station building. Results shown are based on the AEBM analysis of the individual school buildings and fire station buildings.

Since 2001, the province of British Columbia has invested in a seismic mitigation program to upgrade or replace schools that do
not meet current design guidelines for life safety (BC Ministry of Education, 2014a). The Ministry, in partnership with the
Association of Professional Engineers and Geoscientist BC (APEGBC) and UBC’s Earthquake Engineering Research Facility, have
assessed and rated school structures built prior to 1992. As of September 2014, 143 schools have been upgraded, 10 schools are
under construction, 7 schools are moving toward construction, and 53 schools are supported for future upgrades (BC Ministry of
Education, 2014b).

In the District of North Vancouver, there are 25 public schools, 8 independent schools, and a major university that collectively
encompass approximately 100 buildings and related facilities. Three elementary schools have been upgraded as part of the
provincial seismic retrofit program and three secondary schools are supported or in the process of being retrofitted to comply
with current design guidelines for life safety. Those school upgraded by 2012 were assigned a high seismic design code for this
study. For the non-retrofit school buildings, the earthquake seismic design code was based on the construction material (if
known), the year built, and the building use.

For the Georgia Strait event, it is estimated nearly 70% of the school facilities in the District (classrooms and auxiliary structures)
are expected to sustain little or no damage in the scenario earthquake. It is estimated that approximately 25 school facilities are
vulnerable to moderate levels of damage that would require extensive repairs during the recovery process. Most of these are
older concrete buildings that support auxiliary functions (recreation, school operations, etc.) and temporary structures
(portables) that are used as overflow classrooms. While most school facilities in the District are expected to perform well in an
earthquake, at least 8 structures are likely to sustain extensive and complete levels of damage. Of these, three structures are
main school facilities. Hotspots of concern include older concrete buildings and related facilities that have yet to be seismically
upgraded in Norgate, Lynnmour South and Maplewood - areas that are known to be exposed to severe levels of ground shaking
and liquefaction.

There are five fire stations within the District of North Vancouver. Three of these have high seismic design code. The damage
state with the highest probability for each building following a Georgia Strait earthquake is shown on Map 4E. Note that the fire
station shown as Complete, in the Lynnmour South neighbourhood, has a 29% probability of experiencing a Complete damage
state, a 28% probability of experiencing a Moderate damage state, and a 27% probability of experiencing a Slight damage state.
The fire station adjacent to Mosquito Creek, in the Upper Dellbrook neighbourhood, shown to experience Moderate damage
state, has recently been seismically upgraded and was assigned a High seismic code in this study.

Map 4F. Roads and Bridges, Functionality at Day 1, Georgia Strait Event

There are more than 500 kilometres of highway, arterial, and secondary roadways in the District of North Vancouver. The Trans-
Canada Highway (Highway 1), maintained by the province, is a primary transportation corridor that connects arterials and
secondary roadways in the District with other regional transportation networks via the Lions Gate and Iron Workers Memorial
bridges. Roads not owned by the District or the province are those within private neighbourhoods, within First Nations
communities, or within federal parkland. Primary arterial and secondary roads of varying widths make up more than 85% of the
network and are almost entirely of asphalt construction. Gravel, dirt, and mixed surface roadways make up the balance and

provide vital access to critical infrastructure, recreational facilities, and satellite communities in the highlands and along the
shores of Burrard Inlet.

Damage to roads is calculated using fragility curves which are defined in terms of permanent ground displacement (PGD).

There are 32 roadway bridges within the District of North Vancouver. Nearly half of the bridges in the study area are owned and
operated by the District of North Vancouver with remaining bridges administered by the regional transportation authority.
While many of these bridges are in the process of being seismically upgraded, for this earthquake risk assessment only those
assets owned and operated by the District were analyzed. The Lions Gate and Iron Workers Memorial bridges were not assessed
in this study.

Fragility curves for bridges are defined in terms of Spectral Acceleration at 0.3 second and 1.0 second, and by permanent
ground displacement (PGD). In Hazus, there are 28 classes for highway bridges based on seismic design, number of spans,
structure type, pier type, abutment and bearing type, and span continuity. For the District of North Vancouver, a highway bridge
class was assigned to each bridge (in 2012) by DNV staff with knowledge of the bridges.

Pedestrian bridges were not assessed in this study. Damage curves for pedestrian bridges are not available in the Hazus-MH
model.

Restoration curves are used to calculate the expected functionality of the roadways and bridges at discrete time intervals
following an earthquake (1, 3, 7, 14, 30, and 90 days). Interdependency between components is not considered for the
restoration calculations.

Map 4F shows the expected functionality of the road segments and bridges at Day 1 after the earthquake.

Map 4G. Potable Water Pipelines and Facilities, Georgia Strait Event

There are over 400 kilometres of potable water pipelines in the District of North Vancouver. Map 4G shows some results for the
potable water pipelines and potable water facilities after a Georgia Strait event.

Hazus-MH loss estimation software estimates the functionality of a building at discrete days following the event (1, 3, 7, 14, 30,
and 90 days). The functionality is based on the damage and use of the building. The increase in functionality over time is based
on an assumed repair rate. This map shows the functionality of each potable water facility at Day 1 after the event. The results
indicate that 2 out of the 35 buildings will have less than 50% functionality and 5 buildings will have greater than 90%
functionality.

The results for the pipelines indicate the estimated total repair rate. Damage to pipelines is based on the Ground Motion (PGV),
Ground Failure (PGD), liquefaction, and type of pipe material. Generally the damage to a pipeline due to Ground Failure (PGD) is
a break, while the damage to a pipeline due to seismic wave propagation (PGV) results in a leak. The program calculates the
repair rate for breaks and leaks assuming that damage due to ground failure will consist of 20% leaks and 80% breaks, and the
damage due to seismic waves will consist of 80% leaks and 20% breaks (FEMA, 2012a, page 8-9). The Hazus-MH program
estimates the number of breaks and leaks per kilometre of pipeline and then generates a total repair rate per kilometre of
pipeline. The total repair rate values for the Georgia Strait event are shown in Map 4G. The values range from less than 0.25
repairs per kilometre to more than 1.5 repairs per kilometre.

Although the words “Very Low” to “Very High” have been assigned to the classes on the map, these descriptions are based on
the relative values in the results (0.01 being the lowest and 3.3 being the highest). These descriptions are not based on any
technical knowledge as to whether the values for the number of repairs are considered high or low by technical experts.
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Map 4H. Waste Water Pipelines, Georgia Strait Event

There are almost 900 kilometres of sanitary and storm pipelines in the District. Map 4H shows some results for the waste water

pipelines after a Georgia Strait event.

The results for the pipelines indicate the estimated total repair rate. Damage to pipelines is based on the Ground Motion (PGV),
Ground Failure (PGD), liquefaction, and type of pipe material. Generally the damage to a pipeline due to Ground Failure (PGD) is
a break, while the damage to a pipeline due to seismic wave propagation (PGV) results in a leak. The program calculates the
repair rate for breaks and leaks assuming that damage due to ground failure will consist of 20% leaks and 80% breaks, and the
damage due to seismic waves will consist of 80% leaks and 20% breaks (FEMA, 2012a, page 8-9). The Hazus-MH program
estimates the number of breaks and leaks per kilometre of pipeline and then generates a Total Repair Rate per kilometre of
pipeline. For the Georgia Strait event, the Total Repair Rate values range from 0.001 repairs per kilometre to more than 1.8

repairs per kilometre.

Although the words “Very Low” to “Very High” have been assigned to the classes on the map, these descriptions are based on
the relative values in the results. These descriptions are not based on any technical knowledge as to whether the values for the
number of repairs are considered high or low by technical experts.
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Consequence

N
Capilano Map 4F. This map shows the functionality of the road segments and the :
W+E Lpake road bridges at Day 1 after a Georgia Strait event. Damage to roads is Map 4F Roads and Brldges’
S calculated using fragility curves based on permanent ground displacement. Functiona"ty at Day 1
Spectral acceleration and permanent ground displacement are the defining . . )
factors for the fragility curves used to calculate damage to bridges. Expected Georg|a Stra|t Event
functionality of roads and bridges, at discreet time intervals, is determined
using restoration curves.
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Consequence

N ; Map 4G. This map shows some results for potable water pipelines and facilities . .
L i Capilano after a Georgia Strait event. Water facility results indicate the functionality of the Map 4G Potable Water P|pe||nes
facility at Day 1 after the event. For pipelines, the Hazus-MH program estimates gugn
S the number of breaks and leaks per kilometre of pipeline and generates a total and FaC|I|t|eS,
repair rate per kilometre of pipeline. Damage to pipelines is based on the Ground . .
Motion (PGV), Ground Failure (PGD), liquefaction, and pipe material. Georgla Strait Event
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Consequence

N /
Capilano - - Map 4H. This map shows some results for waste water pipelines : :
W+E Lpake after a Georgia Strait event. The results for the pipelines indicate the Map 4H - WaSte Water Plpellnes’
S ‘;f calculated total repair rate. The Hazus software estimates the number Georgia Strait Event
P | of breaks and leaks per kilometre of pipeline based on the Ground
Motion (PGV), Ground Failure (PGD), Liquefaction, and type of pipe
material. The program also calculates the repair rate for breaks and
leaks and generates a Total Repair Rate per kilometre of pipeline.
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Section 5: Resilience/Mitigation Maps, Georgia
Strait Event

Disaster resilience

Introduction

The results for the building damage for the Georgia Strait event using
the current design level were examined. As can be seen in Map 4A,
most of the buildings with Extensive or Complete damage states are
located in the southern part of the community in areas of high
liquefaction susceptibility. The individual buildings found to experience an Extensive or Complete damage state using their
current design level were re-assigned a High Code design level. The AEBM Hazus-MH earthquake analysis was rerun using these
modified codes.

This hypothetical retrofit analysis was performed as a “what-if” situation and demonstrates the change in damage/injury results
if retrofit measures were done on buildings in the community.

Map 5A. Building Damage State, Retrofit Building Design Level, Georgia Strait Event

Hazus-MH calculates the probability of a building sustaining damage as one of five possible Damage States: None, Slight,
Moderate, Extensive, and Complete. Map 5A shows the damage state results for a Georgia Strait event after a hypothetical
retrofit is applied to some buildings. The damage state with the greatest value was chosen. The results for the individual
buildings have been grouped into polygons to illustrate regions of similar damage values

Note that the probability values for two or more damage states may be close but the damage state with the highest values was
chosen for the map. For example, a building may have a 29% probability of experiencing a Complete damage state and a 28%
probability of experiencing a Moderate damage state.

The map is provided to show an overview of general regions of similar damage states. For information on results for individual
buildings, analysis results for the individual buildings should be consulted.

Comparison of Map 5A with Map 4A shows a significant change in building damage states. Most of the buildings which had
experienced a Complete damage state with current seismic conditions are estimated to experience a None damage state under
retrofit conditions.

Map 5B. Building Loss Ratio, Retrofit Building Design Level, Georgia Strait Event

Map 5B shows the Building Loss Ratio results for a Georgia Strait event after a hypothetical retrofit is applied to some buildings.
As described for Map 4B, the loss ratio represents the relationship between the estimated loss value and the replacement value
of the building and contents. For this map the estimated total loss for the building (structural, non-structural, and content) is
divided by the total value of the building (replacement cost and content value).

The reduction in Damage state values shown in Map 5A is reflected in the reduction of building loss ratio. Those areas where
the hypothetical retrofit seismic codes were applied show a reduction in loss ratio.

Map 5C. Daytime Casualty Rate, Retrofit Building Design Level, Georgia Strait Event

Map 5C shows the estimated injury/casualty Rate for a Georgia Strait daytime event (occurring at 2 pm) for buildings after a
hypothetical retrofit is applied to some buildings. The rate is calculated as the proportion of people in a building who are
expected to sustain injuries that would require medical attention or that might result in loss of life. The values for all four injury
levels were totaled then divided by the population of the building.

Comparison of Map 5C and Map 4C show a reduction in the Daytime Casualty rate due to the reduction of damage to the
buildings.

Map 5D. Building Recovery Time, Retrofit Building Design Level, Georgia Strait event

In Hazus-MH there is a distinction between Repair Time and Recovery Time. Repair (construction) times are a function of
damage state and the building occupancy. Recovery time estimates include repair time, plus cleanup time, delays in decision
making, financing, inspection, etc. The Recovery Time values represent “estimates of the median time for recovery of building
functions.” (FEMA, 2012a, page 15-19) Recovery Time is based on individual buildings and there is no interdependency between
the buildings. Hazus-MH estimates the results for Recovery Time in discrete values: 2, 5, 10, 20, 60, 90, 120, 135, 270, 360, 480,
720, and 960 days. Map 5D shows the estimated recovery time for buildings for a Georgia Strait event after a hypothetical
retrofit is applied to some buildings. Repair time values have not been mapped in this atlas.

Comparison of Map 5D and Map 4D shows a significant reduction in recovery time. The reduction in building damage states
shown in Map 5A is reflected in the reduction of recovery time.
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Disaster resilience

N
Map 5A. This map shows the Damage State of buildings after a hypothetical = =
W E seismic retrofit was applied to vulnerable buildings. For this study, individual Ma 5A. Bu I Id I n Dama e State
J
buildings found to experience an Extensive or Complete damage state with . . . .
S its current design level (see Map 4A for general areas) were re-assigned Ret rOflt B ul Id 1g] g Des |g n Level ’
a High Code seismic code and the Georgia Strait event analysis was rerun. . .
The Damage State with the greatest probability value is shown. The values for Geo rg |a Stra |t Event
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Section 6: Hazard Maps, 1 in 2475 Year PSHA

Hazard

The 1in 2475 year earthquake

The 1in 2475 ground motions represents the ground shaking that is

likely to occur in any given year and at a specific site, for a recurrence
interval of 1 in 2475 years. By definition, probabilistic ground motion
models represent the cumulative threat of all known earthquake

hazards at a specific location over a given future time horizon.
Methods of Probabilistic Seismic Hazard Assessment (PSHA) are based
on a theoretical understanding of seismic source zone characteristics, associated ground motion relationships, and empirical
records of known seismic activity that are used to establish relationships between earthquake magnitude and frequency.
Probabilistic seismic hazard assessments are used in the National Building Code of Canada (NBCC, 2010) to quantify the

likelihood of exceeding minimum thresholds of ground shaking from known earthquake hazards at a particular location over
time horizons that are relevant for planning and policy development (Adams and Halchuk, 2003; Halchuk and Adams, 2008).
Outputs of these probabilistic models are used to establish building performance guidelines that ensure a minimum threshold of
seismic safety for occupants during an earthquake. The 1 in 2475 year probabilistic ground motions, which are the same as
those used in the NBCC, have an equivalent to a probability of 0.000404 per annum. This means that over a 50-year period,
there is a 2 percent chance of an earthquake causing ground motion greater than that of the given value.

Figure 4 shows the regional ground shaking intensity for a 1 in 2475 year probabilistic ground motions.

It must be noted that probabilistic models are not suitable for analysis of aggregated exposure inventory. Because
probabilistic ground motions indicate motion at a specific point location, the results of analyses of aggregated data covering an
area are unrealistic. In this atlas, the results shown in Map7A to Map7D and Map8A to Map 8D are the results from the AEBM

model analysis on the individual buildings. Results shown in Map 7E to Map 7H are from the analysis of specific buildings and
infrastructure in the District’s asset inventory.

The ground shaking maps for the 1 in 2475 year PSHA for the District were generated specifically for this project. Methods used
to generate the maps are discussed in Prieto et al, 2013. Amplification factors based on the NEHRP soil classes and the 2010
National Building Code of Canada have been applied to the ground shaking values for the model.

Section 3 provides more information on hazard maps.

Map 6A. Peak Ground Velocity, 1 in 2475 Year PSHA

Peak ground velocity (PGV) is a measure of the maximum change in displacement over time that a particle is likely to experience
during an earthquake. It has been shown to be a reliable indicator of general building damage patterns. Values for PGV are
measured in cm/sec. Map 6A shows the PGV values for a 1 in 2475 year PSHA.

Map 6B. Peak Ground Acceleration, 1 in 2475 Year PSHA

Peak ground acceleration (PGA) is a measure of the maximum increase in velocity over time that a particle is likely to experience
during an earthquake. Acceleration is measured as a force and expressed in units of %g. The PGA values are used primarily in
assessing the potential for seismically induced ground deformation. Map 6B shows the PGA values for a 1 in 2475 year PSHA.

Perceived Damage
Shaking Potential
v Light Pictures
felt by some move
Vi Moderate c;g{?gs
felt by all ground
Strong Non-
Vil difficulty structural
standing damage
Very Strong Moderate
difficulty structural
driving damage
Violent Heavy
general structural
panic damage
Very Violent Extreme
general structural
panic damage

Figure 4. Regional ground shaking intensity values for a 1 in 2475 year probabilistic earthquake. Source: Adapted from
Petersen et al. (2008).

Map 6C. Permanent Ground Deformation by Lateral Spreading due to Liquefaction, 1 in 2475 Year PSHA

Permanent ground deformation hazards caused by liquefaction can include: 1) lateral spreading as soil horizons fail suddenly
and are displaced horizontally in a viscous state, and/or 2) vertical settlement caused by changes in soil volume and settling
during the shaking from an earthquake. The amount and type of displacement will vary as a function of ground shaking
intensity and localized geologic setting. Map 6C shows the estimated movement of ground material as a result of lateral
spreading due to liquefaction for a 1 in 2475 year PSHA.

Map 6D. Permanent Ground Deformation due to Landslide, 1 in 2475 Year PHSA

Permanent ground deformation caused by landslide movement represents the movement of ground material downslope due to
shaking from an earthquake. The spatial extent and pattern of permanent ground deformation is controlled by local factors such
as bedrock geology, surficial geology, soil conditions, slope gradient, and groundwater hydrology. Map 6D shows the estimated
movement of ground material as a result of a landslide due to a 1 in 2475 year PSHA.

Map 6E. Spectral Acceleration at 0.3 second interval, 1 in 2475 Year PSHA

Spectral acceleration describes the maximum acceleration in an earthquake on an object at a specific time period and is
measured in units of force (g). Map 6E shows the short period spectral acceleration at the 0.3 second interval for a 1in 2475
year PSHA.

Map 6F. Spectral Acceleration at 1.0 second interval, 1 in 2475 Year PSHA

Spectral acceleration describes the maximum acceleration in an earthquake on an object at a specific time period and is
measured in units of force (g). Map 6F shows the spectral acceleration at the 1.0 second interval for a 1 in 2475 year PSHA.
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Map 6A. Ground motion intensity is measured in terms of the
acceleration and rate of displacement of a point at the Earth’s
surface over a given time interval. The peak displacement over
time is reported as Peak Ground Velocity (PGV) in cm/sec. Map
6A shows the values for the 1 in 2475 year Probabilistic Seismic
Hazard Assessment (PSHA). The values for the District have
been adjusted to account for the local site amplification factor
of soil condition.
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Sleeping people awaken. Small, unsecured objects move or topple. Liquids in containers may spill.
Pendulum clocks may stop.
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Everyone feels mavement, many frightened. People have trouble walking. Objects fall from shelves.
Pictures fall off walls. Furniture moves. Weak plaster and masonry crack. Damage slight in poorly
constructed buildings. Trees and bushes shake.
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(22)

in buildings of good design and construction; slight to moderate in well-built ordinary structures;
considerable damage in poorly built or badly designed structures; some chimneys broken.

People have difficulty standing. Drivers on road feel their cars shake. Furniture may overturn and break.
Loose bricks fall from buildings and masonry walls. Plaster and masonry crack. Damage negligible in

29-55%
(40)

wells. Cracks appear in wet ground and on steep slopes.

Drivers have trouble steering. Towers, chimneys and other tall structures may twist and fall. Houses not
bolted may shift off foundations. Damage considerable in poorly constructed buildings, moderate in well-
41) | constructed buildings. Tree branches break and fall. Changes occur in flow or temperature of springs and
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55-139%
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Masonry structures and poorly constructed buildings seriously damaged or collapse. Damage
60-178 | considerable in specially designed structures; well-designed frame structures thrown out of plumb.

(86) | Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. Reservoirs
seriously damaged. Underground pipes break. The ground cracks. Sand craters form in some areas.

Sources: Worden et al.,

2012 for Intensity-Magnitude values; Association of Bay Area Governments (undated) website for Anticipated Impacts
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map and does not assume any responsibility or liability with respect to any damage or loss arising from the

use or interpretation of the Data. The Data on this map are intended to convey regional trends and
should be used as a guide only. Results do not replace the need for site specific geotechnical
investigations for specific design, construction, and/or engineering purposes.
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Map 6B. Ground motion intensity is measured in terms of the

acceleration and rate of displacement of a point at the Earth’s Map 6B. Peak Ground Acceleration,

surface over a given time interval. The peak acceleration is .
& reported as Peak Ground Acceleration (PGA) in %g. Map 6B 1 In 2475 Year PS HA
shows the values for the 1 in 2475 year Probabilistic Seismic
Hazard Assessment (PSHA). The values for the District have
been adjusted to account for the local site amplification factor
of soil condition. ) o
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29.55% | 30-60 | bolted may shift off foundations. Damage considerable in poorly constructed buildings, moderate in well-
(40) (41) | constructed buildings. Tree branches break and fall. Changes occur in flow or temperature of springs and
wells. Cracks appear in wet ground and on steep slopes.
Masonry structures and poorly constructed buildings seriously damaged or collapse. Damage
55-139% | 60-178 | considerable in specially designed structures; well-designed frame structures thrown out of plumb.
(75) (86) | Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. Reservoirs
seriously damaged. Underground pipes break. The ground cracks. Sand craters form in some areas.

Sources: Worden et al., 2012 for Intensity-Magnitude values; Association of Bay Area Governments (undated) website for Anticipated Impacts
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N ) Map 6C. This map indicates the estimated Permanent Ground .
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Section 7: Consequence/Damage Maps, 1 in 2475
Year PSHA

Consequence

See Section 4 for notes regarding how the results for individual
buildings were grouped to show regional trends. Section 4 also

provides more detailed descriptive notes for the individual maps.

Map 7A. Building Damage State, Current Building Design Level, 1 in
2475 Year PSHA

To illustrate damage states in Map 7A, the damage state (see Map 4A for definitions) with the greatest value was chosen for
each building. Note that the probability values for two or more damage states may be close but the damage state with the
highest values was chosen for the map. For example, a building may have a 29% probability of experiencing Complete damage
state and a 28% probability of experiencing Moderate damage state and would then be represented on the map as a building
likely to experience a Complete damage state. The map is provided to show an overview of general regions of similar damage
states. For those concerned with individual buildings, analysis results for the individual buildings should be consulted.

Map 7B. Building Loss Ratio, Current Building Design Level, 1 in 2475 Year PSHA

The loss ratio represents the relationship between the estimated loss value and the replacement value of the building and
contents. For this map the estimated total loss for the building (structural, non-structural, and content) is divided by the total
value of the building (replacement cost and content value).

Map 7C. Daytime Casualty Rate, Current Building Design Level, 1 in 2475 Year PSHA

Map 7C shows the estimated injury/casualty rate for a daytime occurrence (at 2 pm) for a 1 in 2475 year PSHA. The rate is
calculated as the proportion of people in a building who are expected to sustain injuries that would require medical attention or
that might result in loss of life. The values for all four injury levels were totaled then divided by the population of the building.

Map 7D. Building Recovery Time, Current Building Design Level, 1 in 2475 Year PSHA

In Hazus-MH there is a distinction between Repair Time and Recovery Time. Repair times depend on damage state and the
building occupancy. Recovery time estimates include repair or construction time, plus cleanup time, delays in decision making,
financing, inspection, etc. The Recovery Time values represent “estimates of the median time for recovery of building
functions.” (FEMA, 2012a, page 15-19) Recovery Time is based on individual buildings and there is no interdependency between
the buildings. Hazus-MH estimates the results for Recovery Time in discrete values: 2, 5, 10, 20, 60, 90, 120, 135, 270, 360, 480,
720, and 960 days. Repair time values have not been mapped in this atlas.

Map 7E. School Buildings and Fire Stations, Building Damage State, 1 in 2475 Year PSHA

As described in Map 4A, Hazus-MH calculates the probability of a building sustaining damage due to an earthquake as one of
five possible Damage States: None, Slight, Moderate, Extensive, and Complete. This map shows the damage states with the
highest probability value for each school and fire station building. The schools and fire stations, along with other emergency
facilities, are included in the Essential Facilities database for Hazus. Results shown in Map 7E are based on the AEBM analysis of
the individual school buildings and fire station buildings.

For the 1in 2475 year PSHA, it is expected that 35% of the school facilities are likely to sustain little or no damage and 36% of
the school facilities are likely to sustain extensive or complete levels of damage. Of these, four structures are main school
facilities.

There are five fire stations within the District of North Vancouver. The damage state with the highest probability for each
building following a 1 in 2475 year earthquake is shown on Map 7E. Note that the fire station shown as Complete, in the
Lynnmour South neighbourhood, has a 34% probability of experiencing a Complete damage state, a 32% probability of
experiencing a Moderate damage state, and a 27% probability of experiencing an Extensive damage state. The fire station
adjacent to Mosquito Creek, in the Upper Dellbrook neighbourhood, shown to experience moderate damage state, has recently
been seismically upgraded and was assigned a High seismic code in this study.

Map 7F. Roads and Bridges, Functionality at Day 1, 1 in 2475 Year PSHA

Map 7F shows the functionality of the road segments and bridges at Day 1 following the 1 in 2475 year PSHA.

Map 7G. Potable Water Pipelines and Facilities, 1 in 2475 Year PSHA

This map shows some results for the potable water pipelines and potable water facilities after a 1 in 2475 year PSHA.

Hazus-MH loss estimation software estimates the functionality of a building at discrete days following the earthquake (1, 3, 7,
14, 30, and 90 days). The functionality is based on the damage and use of the building. The increase in functionality over time is
based on an assumed repair rate. This map shows the functionality of each potable water facility at Day 1 after the event. The
results indicate that 25 out of the 35 buildings will have less than 50% functionality and 1 building will have greater than 85%
functionality.

The results for the pipelines indicate the calculated total repair rate. Damage to pipelines is based on the Ground Motion (PGV),
Ground Failure (PGD), liquefaction, and type of pipe material. Generally the damage to a pipeline due to Ground Failure (PGD) is
a break, while the damage to a pipeline due to seismic wave propagation (PGV) results in a leak. The program calculates the
repair rate for breaks and leaks assuming that damage due to ground failure will consist of 20% leaks and 80% breaks, and the
damage due to seismic waves will consist of 80% leaks and 20% breaks (FEMA, 2012a, page 8-9). The Hazus-MH program
estimates the number of breaks and leaks per kilometre of pipeline and then generates a Total Repair Rate per kilometre of
pipeline. The Total Repair Rate values for the 1 in 2475 year PSHA range from less than 0.25 repairs per kilometre to more than
1.5 repairs per kilometre.

Although the words “Very Low” to “Very High” have been assigned to the classes on the map, these descriptions are based on
the relative values in the results (0.01 being the lowest and 3.3 being the highest). These descriptions are not based on any
technical knowledge as to whether the values for the number of repairs are considered high or low by technical experts.

Map 7H. Waste Water Pipelines, 1 in 2475 Year PSHA

The results for the pipelines indicate the calculated total repair rate. Damage to pipelines is based on the Ground Motion (PGV),
Ground Failure (PGD), liquefaction, and type of pipe material. Generally the damage to a pipeline due to Ground Failure (PGD) is
a break, while the damage to a pipeline due to seismic wave propagation (PGV) results in a leak. The program calculates the
repair rate for breaks and leaks assuming that damage due to ground failure will consist of 20% leaks and 80% breaks, and the
damage due to seismic waves will consist of 80% leaks and 20% breaks (FEMA, 2012a, page 8-9). The Hazus-MH program
estimates the number of breaks and leaks per kilometre of pipeline and then generates a Total Repair Rate per kilometre of
pipeline. For the 1 in 2475 year PSHA, the Total Repair Rate values range from 0.018 repairs per kilometre to more than 3.3
repairs per kilometre.

Although the words “Very Low” to “Very High” have been assigned to the classes on the map, these descriptions are based on
the relative values in the results. These descriptions are not based on any technical knowledge as to whether the values for the
number of repairs are considered high or low by technical experts.
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map and does not assume any responsibility or liability with respect to any damage or loss arising from the
use or interpretation of the Data. The Data on this map are intended to convey regional trends and
should be used as a guide only. Results do not replace the need for site specific geotechnical
investigations for specific design, construction, and/or engineering purposes.
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use or interpretation of the Data. The Data on this map are intended to convey regional trends and
should be used as a guide only. Results do not replace the need for site specific geotechnical
investigations for specific design, construction, and/or engineering purposes.
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Section 8: Resilience/Mitigation Maps, 1 in 2475 B Disaster resilience
Year PSHA |

Introduction

The results for the building damage for the 1 in 2475 year PSHA using
the current design level were examined. As can be seen in Map 7A,
most of the buildings with Extensive or Complete damage states are

located in the southern part of the community in areas of high

liquefaction susceptibility. The individual buildings found to experience an Extensive or Complete damage state using their
current design level were re-assigned a High Code design level. The AEBM Hazus-MH earthquake analysis was rerun using these
modified codes.

This hypothetical retrofit analysis was performed as a “what-if” situation and demonstrates the change in damage/injury results
if retrofit measures were done on buildings in the community.

The results for the individual buildings have been grouped into polygons to illustrate regions of similar damage values.

Map 8A. Building Damage State, Retrofit Building Design Level, 1 in 2475 Year PSHA

Map 8A shows the damage states for a 1 in 2475 year PSHA after a hypothetical retrofit is applied to some buildings. The map is
provided to show an overview of general regions of similar damage states. For information on results for individual buildings,
analysis results for the individual buildings should be consulted.

Comparison of Map 71 and 8a shows a reduction in the number of buildings experiencing a Complete damage state. There are
still areas showing Complete damage state even after the hypothetical retrofit codes are applied. These results indicate “hot
spot” areas where further investigation could be performed.

Map 8B. Building Loss Ratio, Retrofit Building Design Level, 1 in 2475 Year PSHA

Map 8B shows the building loss ratio results for a 1 in 2475 year PSHA after a hypothetical retrofit is applied to some buildings.
The loss ratio represents the relationship between the estimated loss value and the replacement value of the building and
contents. For this map the estimated total loss for the building (structural, non-structural, and content) is divided by the total
value of the building (replacement cost and content value).

The reduced values of building loss ratio reflect the reduced number of buildings experiencing Complete damage state.

Map 8C. Daytime Casualty Rate, Retrofit Building Design Level, 1 in 2475 Year PSHA

Map 8C shows the estimated injury/casualty rate for a 1 in 2475 year PSHA daytime occurrence (at 2 pm) for buildings after a
hypothetical retrofit is applied to some buildings. The rate is calculated as the proportion of people in a building who are
expected to sustain injuries that would require medical attention or that might result in loss of life. The values for all four injury
levels were totaled then divided by the population of the building.

Comparison of Map 7C and Map 8C shows that retrofit conditions could greatly reduce the casualty/injury rate.

Map 8D. Building Recovery Time, Retrofit Building Design Level, 1 in 2475 Year PSHA

Map 8D shows the estimated recovery time for buildings for a 1 in 2475 year PSHA after a hypothetical retrofit is applied to
some buildings. The reduction in recovery time values reflects the reduction in Damage State values.
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of common results.
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Map 8D. This map shows the estimated recovery time, in days, to return buildings

to pre-event condition following a 1 in 2475 year Probabilistic Seismic Hazard
Assessment (PSHA), based on hypothetical seismic retrofit conditions. The recovery
time is based on individual buildings and there is no interdependency between the
buildings. The values for individual buildings have been grouped to show regions
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Conclusions

The Hazus-MH Canada model was used to analyze the risk to buildings, infrastructure, and people in the District of North
Vancouver and estimate the damages and injuries resulting from earthquakes. The analysis indicates significant damage and
loss would be experienced from both a Georgia Strait event and a 1 in 2475 year probabilistic seismic hazard assessment. The
initial analysis was repeated to show possible changes in outcome if some buildings in the community were assumed to be
retrofitted to modern building codes. The second analysis indicates that damage and costs could be reduced if mitigation efforts
were applied to the buildings.

This study provides a credible, science-based analysis of the infrastructure and demographics that are most vulnerable to
earthquakes. A modelling scenario such as the one demonstrated in this study enables a community to reduce risk by
highlighting poorly built structures and focusing on risk reduction policies that can significantly strengthen a community’s
capability to be more disaster resilient.

Using preliminary results from this study, the District of North Vancouver has prepared an earthquake ready action plan which
includes:

e mitigation of risks to municipal facilities and infrastructure

e seismic design guidelines for liquefaction hazard areas

e incorporation of disaster resilience measures into development plans

e seismic retrofits for high risk areas

e development of a culture of preparedness in the workplace and in the community

e business continuity plans

e coordinated response strategies for emergency responders and the transportation and engineering departments.

The experience gained will be shared with other Canadian communities in order to help them better assess, plan, and prioritize
for an earthquake. Methods employed in the study will also help shape a national seismic risk assessment for Canada.
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