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Infrastructure Vulnerability
& Interdependencies Study

Preliminary Assessment of Earthquake-Induced
Liquefaction Susceptibility at Five San Francisco
Bay Area Airports

Airport Liquefaction
Susceptibility Analysis

AIRPORT

ROLES OF AIRPORTS IN REGIONAL DISASTERS:

Lessons on Disaster Response, Short-Term Disaster

Recovery, and Long-Term Economic Recovery

for the San Francisco Bay Area

Roles of Airports in
Regional Disasters
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METHODOLOGICAL PRINCIPLES

* System structure
Map system (geographic & operation)
* Component fragility
Research & reconnaissance reports.
* Scenario based
Explore risk in discrete events.
* Four dimensions of restoration
Time, space, quantity, quality
* Equal priority on consequence
Risk = (probability of failure) x (consequence)
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COMPONENT FRAGILITY

Chile Earthquake of 2010
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SCENARIO BASED
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SCENARIO BASED
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50 Miles.
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San Andreas M7.9 Scenario ﬁ ASSOCIATION OF BAY AREA GOVERNMENTS
2

Shaking
W M1 S - Violent
W MM 8 - Very Strong.
B MM 7 - Strong
| MMI 6 - Moderate
MM < 5 - Light

SCENARIO SUMMARY
Ground Shaking: Ground shaking in a M7.9 event
would cause strong shaking in all nine Bay Area
counties, with violent and very strong shaking
along the entire Peninsula and Marin County.
Smaller fault ruptures on the San Andreas like the
M9 1989 Loma Prieta earthquake can produce
more frequent M6 and low M7 events,

Faulting: The San Andreas fault extends from off
the coast of Humbolt County down to Mexico, In
1506 the fault ruptured from Humbalt County to
south Santa Clara County. The surface fault
rupture in a future M7.9 event could be over 25
feet in some sections (Thatcher, 1957,
Liquefaction: In locations In every county the
ground shaking will be strong encugh to trigger
liquefaction

M7.9 San Andreas Surface Fault Rupture Displacement (Thatcher, 1997)
& | Fort Ross' JTomales Bay* Coima* Highway 17¢

Surface
Fault  20°

Rupture | |
‘||||||||III |
| A euE

Location on Fault North to South (10km segments) *fupture offshore Humbalt and Mandocin ¢

San Juan Bautista®

San Andreas M7.9
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Hayward M7.0 Scenario Q ASSOCIATION OF BAY AREA GOVERNMENTS
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Shaking
W M1 S - Viglent
W MMI 8 - Very Strong
B MMI 7 - Strong
| MMI 6 - Moderate
MMI < 5 - Light

SCENARIO SUMMARY
Ground Shaking: Ground shaking in & M7.0 will
cause very strong and viclent shaking in the East
Bay, with the western portion of the region
experiencing very strong shaking.

Faulting: The Hayward fault runs from off the
shoreline of Pt. Pinole in Richmond to the eastern
foothills south of San lose. This 7.0 scenario is
characterized by the entire fault slipping at once.
The fault can also produce siightly smaller
earthquakes with just the northern or southern
portions slipping, Additionally, the Hayward fault is
part of the Hayward-Rodgers Creek fault system
which continues aleng the same trajectory North
through Sanoma County; Hayward and Rodgers
Creek could slip together, generating a larger
earthquake,

Liquefaction: In locations in every county the
shaking will be strong enough to trigger liquefaction,
particularly near the shareline.

M?7.0 Hayward Surface Fault Rupture Displacement (Aagaard, 2012)

Pt. Pingla" Highway 24? Union City*

Rupture

(Feet) 51 III I
 milil__sn_ln.

Location on Fault North to South (Skm segments) *Rupure seuth of fremont not shown, ety o

Hayward M7.0

Concord M6.8 Scenario

SCENARIO SUMMARY

Ground Shaking: Ground shaking in a M6.8 event
would cause very strong and vislent shaking in
Contra Costs, Solano, and Napa Counties,
centered between Fairfield & Walnut Creek.
Strong shaking would occur along the Carquinez
Strait

Faulting: Current research recognizes a range of
potential earthquaka magnitudes on the Southern
Green Valley / Concord Fault (SGVE). The last large
event on the fault system was dated to 1610
(Liemkemper, 2013). There is a large range of
earthquake return periods with smaller events
occuring claser together, About a third of events
on the SGVF develop over a longer time and
invalve longer ruptures along the Berryessa and
Hunting Cresk sections {north of the mapped
fault).  These evenis would reach higher
magnitudes {Liemkemper, 2013),

Liquefaction: The scenario earthquake produces
strong  enough ground shaking 1o trigger
liquefaction in all Bay Area counties. The violent
shaking in the San Francisco Bay and Carquinez
Strait can also result in dredged water channels
edges sluffing (falling) into channels

L
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Shaking
B v S - Violent
W MMI 8 - Very Strong
MMI 7 - Strong
71 MMI & - Moderate
1 MMI <5 - Light

Surface fault rupture displacements have not been developed for this scenario.

Concord SGV M6.8
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General Aviation Airports

0 25 50 Miles N
| 1 | 1 |
J9
Name Runway Length'?
Large
i ! san FranciscoIntl. 11,870
i z San Jose Intl. 11,000
. Travis AFB 11,000
o * Dakland Intl. 10,000
® Moffett Federal 9,197
Concord Southern Green biderridy bors
{ Valley Fault [ c .
\\ MNorth Field 6,212
b < v o 3 ? Napa County 5,930
] - ' 7 ‘ / 2 Hayward 5,694
h29- & .15 Medium
5% ® Livermore Muni. 5,253
v 1% s5noma County* 5,121
AR i Buchanan Field 5,001
1 Half Moon Bay 5,000
B Nut Tree 4,700
¥ Byron 4,500
&4 " Rio Vista Muni. 4,201
18 petaluma Muni. 3,601
*" Gnoss Field 3,300
San Andreas Fault smoil
< Angwin Parrett 3,217
¥ Cloverdale Muni. 3,147
0 Reid-Hillview 3,101
#.5an Martin 3,100
2 Healdsburg Muni. 2,707
= Sonoma Valley 2,700
* sancarlos 2,600
5 Sonoma Skypark 2,480
*® palo Alto 2,443

' Dato Source; FAA, 2013
* Each Airportslongest runway.
21 *Currently extending runway.

Minimum Runway Length Needed to Land Single Wheel Aircraft (FAA, 2013)

Large Aircraft
Moderately

: Medium Aircraft
25 > Small Aircraft

7,500’ 5,400 3,300 >3,300'
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following a M7.0 Hayward Event

Passenger Rail Layout & BART Service Restoration ﬁ ASSOCIATION OF BAY AREA GOVERNMENTS

A
o

Concord Southern Green / Bay Area Daily Passenger Rail Ridership
{ Valley Fault /' RailLine AADT*
\ == Amtrak Capitol Corridor 2,700 *
N\ === Alta mont Corridor Express 4,300 *
= BART 394,692
== CalTrain 47,060

! Annual Average Daily Traffic
Data Sources: Amtrak (2013), ACE (2013), BART
(2013), Caltrain (2013)
*These systems have inter-regional travel. Rough
estimates to account for only travel inside Bay

Average daily passengers over section of rail

.
< 10,000 50,000 200,000

@ Rail Station

San Andreas Fault

0 25 50 Miles A
1 | 1 |

b
BART Service Restoration - M7.0 Hayward Earthquake (BART, 2002a)
100 -

I

80

BART Ridership ©0
(% of Average 1
Daily Service) 4q -

I
= Before 2002 Retrofit Program
Aft‘er Retrofit Program
1
12 18 24 30
Months

20 -
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Liquefaction Susceptibility Along Major

ASSOCIATION OF BAY AREA GOVERNMENTS

Bay Area Highways & Two Corridor Studies

Shaking Exposure of 1

[-280 & US 101 Bridges
ina M7.9 San Andreas*

W vmi9
B VMl 8
] Mm1 7
[ MMI6

[ MMI<5

See Chapter 2 for
MMI definition

*In circled area

1. The US 101 and |-280 corridor between their San
Francisco interchange and the Hwy 85 interchange is
exposed to multiple hazards in a M7.9 San Andreas
scenario. Qver this stretch of 1-280 there are 86 bridges,
over half of which experience MMI 9 severe shaking.
Along this same stretch, over half of the length of US 101
isin a very high liquefaction zone. All bridges along this
portion of US 101 experience MMI| 8 or 9 as well. Each of
these highways have portions that carry over 250,000 daily
passengers, with most of US 101 carrying 200,000 daily
passengers, and 1-280 carrying between 100,000 and
150,000 passengers over this section. In a future San
Andreas earthquake, this parallel section of roadway will
experience multiple hazards across parallel links.

ﬁ RESILIENCE PROGRAM
0Mies x

Major highway
Highway over very high liquefaction
susceptibility zone

Corridors with parallel roads, but
simultaneous hazards

Shaking Exposure of
1-580 & 1-880 Bridges in a
M7.0 Hayward*

*In circled area

101

2. The |-880 and |-580 corridor between the 980 and 238
interchange is exposed to multiple hazards in a M7.0
Hayward scenario. Over this stretch of I-580 there are 44
bridges, all of which will experience MMI 8, very strong
shaking. In addition to strong ground shaking, along this
stretch of I-580, the road crosses the Hayward fault three
times. Along this same stretch, I-880 crosses over many
sections of very high liquefaction susceptibility, with all
bridges along this portion of the freeway also experiencing
MMI 8, very strong shaking. Each of these highways average
between 175,000 and 200,000 average daily passengers. In
a future Hayward earthquake theparallel section of roadway
will experience multiple hazards across parallel links.



California Fuel Production and Use,
and the Bay Area’s Fuel Profile

{3 RESILIENCE PROGRAM

@ CA Gasoline Production

Millions of gallons®

Southern California 8,545
W Northern California 6,173
Bakersfield & Santa Maria 1,256
Total® 15,974 Refined Used
! Calculated by multiplying the regional share” by the State total” Northern Counties ‘
*CEC120120)
ceC (20120)

@ CAGasoline Use

Bay Area Counm

Millions of gallons’

Southern Counties

W Bay Area Counties
Northern Counties
Central Counties
Kern, SLO, SB Counties

7,247 q
2,641
2,151

772

572 _ Kern,SLO,SBCounties @ @

Central Counties [ W

Total

 CEC{2012¢)

- o @

500 2,000
e
1 Barral (bri) 42 gallons (gal)
crude ail crude oil

— Pipelines
(Representative, Not Actual Lacations)

r| Concord Pumping Station
© Fuel Terminal
@ Refinery
1 Chievron, Richmond
(245,000 bls/day)
? Phillips 66, Rodeo
(78,000 bls/day)
*Valero, Benicla
(132,000 bls/day)
4 Shell, Martinez
(156,000 bls/day)

¢ Tesoro, Martinez
(166,000 bls/day)
0 25
| ] 1

13,383
Southern Counties u

10,000 Millions of gallons / year

. © Sacramento, CA
24 gal Gasoline

7 gal Diesel © Rocklin, CA
6 gal let Fuel © Chico, CA
11 gal Other O Rena, NV

* Additives and processing
increase yield to 48 gal. l

Hayward
Fault

Concord Southern
Green Valley Fault

© stockion, CA
@ Fresno, CA

© Brisbane

50 Miles
1

Map Sources: Kinder Morgan {2013), CEC (2012a)

San Jose, CA o



Electric Generation for the 9 County ﬁ ASSOCIATION OF BAY AREA GOVERNMENTS
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REGIONAL GENERATION ENERGY SOURCE

Bay Area Region and Its Exposure to Seismic Hazard

Energy Source MWhrs (2011) %

I ]

\ OIL/GAS 22,690,968 68%

N A | GEOTHERMAL 6,989,764 21%
@ wino 3,009,392 9%
\ VARIETY* 760,450 2%
TOTAL 33,450,573
B e e * Comprised of 42 small power generation
( Valley Fault {<50MW) unmapped facilities.

A%
\ REGIONAL ELECTRICAL GENERATION SITES
® ..
Y NN .
Hayward Fault ~
ayward Fau f A
\ o Nt 100 1,000 5,000 (GWhrs)

San Andreas Fault

REGIONAL USE

) N 55,113,433 GWhrs
o} 25 50 Miles A

Regionally Generated Power Exposed in Scenario Earthquake Shaking & Liquefaction Zones (MWhrs)

M#6.8 Concord M7.0 Hayward M7.9 San Andreas Liquefaction Susceptibility
W MMI9 (‘.' ’ ,.
B MMI8 ;” {’f ;’J" Wvery High
o1 MM 7 - f ' ( | MHigh
[ ] MMI6 v 4 [IMedium
] MMI<5 _af g [ |Low/Very Low

see Chapter 2 for MM deﬁm'rfons GIS point is within 1,000ft of susceptibility zone.



Water System Source Portfolio

Water Districts) & Annual Normal Supply

Sonoma CWAO

mmvwp O
esmun QO
skpucQ
sawsca O
MMWD  Sonoma CWA Napa Solano CWA

Data Source: 2010 Urban Water Manaogement Plans

{

RESILIENCE PROGRAM
- Local Source

Napa ()

Solano CWA O
I
State Water Project
ccwp O I = | Central Valley Project

Mokelumne
Hetch Hetchy
acwp QO
Zone 7 O
-
" 2
G- O
SCVWD O e 10,000 5,000 gallon 1 truck every 48
— Acre Feet trucks seconds for 1 year
CCWD EBMUD ACWD Zone 7 SCVWD BAWSCA SFPUC



Normal Water Demand U RES".IEN(E PROGRAM
@ LEGEND

City of Napa O 50% reservoir capacity
O 2010 groundwater basin volume
Sonoma CWA
. 1 week normal demand
Solano CWA
O
O -
MMWD CCWD 200,000 ac-ft

INTERTIES DESCRIBED IN
2010 URBAN WATER MGMT. PLANS

Agencies Linked Sharing Capacity (acft/day)
SFPUC, SCVWD 123
EBMUD, Hayward, SFPUC 92
EBMUD, Hayward 33!
EBMUD, DSRSD 6!
EBMUD, COWD 251
(B ACWD, Hayward unknown *
SFPUC & ACWD, Milpitas unknown i
B;"}«WSC)‘E\ EBMUD, CCWD - 307 .
SFPUC, 5tate Water Project unknown
Sonoma CWA to MMWD systems connected 4

SFPUC to BAWSCA, ACWD, SCVWD systems connected #
! Multiple stations cantribute to intertie capacity,

< Distribution pipes between jurisdictions are connected.
? Intertie where regional systems collocate.

“ First spstem wholesales water to listed districts,

Data Source: 2010 Urban Water Management Plans SCVWD



Interdependencies of Infrastructure Systems, ﬁ ASSOCIATION OF BAY AREA GOVERNMENTS
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RE’GdMQ‘ the matrix from 'leﬁfmfrfghr The overall interaction and dependency on a particular system (read down each column)
shows which systems the designated Regional Gty Eectric  Matural Aapnillary Waste

Telecom  Water
. Roads Streets Pawer Gas Water ‘water
operator relies on. For example,

Specific to San Francisco - SF Lifelines Council

Transit Part Alrpart Fue|

Regianal

Airports have a strong interaction with Ronds

regional roads, but a limited interaction _ ... .
e HELECEeEEEE B
Reading the matrix from top-to-bottom )

shows which systems rely on the desig- ﬂ:::,:i..- .. . . .
nated operator.  For example, all -

systems have a strong interaction with Gas
the fuel system.

Telecam

The lifeline operators'
dependency on other
lifeline systems
(read across each row)

. Strong Interaction
. Moderate Interaction

Limited Interaction

(#I0Z 00s12upi4 LS fO unod p A1)

Matrix Information Displayed as Scallop Diagram.

The graphic below shows all moderate and strong interac-
tions between systems. The individual systems to the right
show which systems rely on the designated operator (same
as reading the matrix from top-to-bottom).

Transit

Power

Auxillary
Water iy




WHERE WE GO FROM HERE...

» State|regional lifelines council
— Modeled by City | County of San Francisco

* Curate ongoing lifelines studies
— Lots of great work... keep track of it all.

— Explore the 4 dimensions of restoration to help
understand what level of performance is needed.

* Develop strategies from users side.

— Resilience can be improved by making
stakeholders less reliant on system.
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Hazards Projects Topics Publications About
Featured Projects Upcoming Events N
04.16.15 Community
Engagement Workshop
(Redwood City)

This workshop is designed
to support local mitigation
and adaptation planning
process. Leam more »

04.29.15 Community
Engagement Workshop
(Napa)
This workshop is designed
to support local mitigation
and adaptation planning

Stronger Housing, Safer Mitigation and Adaptation Plans process. Learmn more »
Communities i it ot
. ABAG and BCDC are supporting junisdictions to Past events »
An ABAG snd BCDC report on vulnerability of update and develop local hazard mitigation and l 1'1 '\f ;
housing and communities to earthquakes and climate adaptation plans n the News
flooding and strategies to address them
Do you rent or own & home or apartment in
. Oakland? Leam r ¥ o
- LN o r
b .“ ' . -| impro and
A\ B " housing
>

http://resilience.abag.ca.gov/

Pre|

ning system top

i | ABC 7 News,

Policy Implementation Cascading Failures
Assistance

An ABAG report on earthquake threats to
ABAG is providing assistance to develop policy interdependent transportation and wtility
implementation tocls and guid : systems.

Project Website

http://resilience.abag.ca.gov/projects/transportation_utilities 2014/






