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Quick facts — notable earthquakes in CA

* 1906 MY7.9 San Francisco (widespread fires)
* 1989 M6.9 Loma Prieta (freeway span collapse)
* 1994 M6.7 Northridge (most expensive earthquake in the US)

7 earthquakes in California greater than M6.7 since the 1994 Northridge earthquake (30+ years ago)



Measures of an Earthquake
Shaking Intensity and Magnitude

* Shaking Intensity, aka the Modified Mercalli Intensity
(MMI), is a measure of the shaking caused by an
earthquake (it is what you feel)

* Itis a subjective measure, not based on instrument readings
(although instrument readings can supplement it)

* |t will vary with distance and soil characteristics
* Itisfrom 1to 10, with 3 being mild and 6 being strong



Earthquake Intensity Scale

Modified Mercalli Intensity (MMI)
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Felt by all; many
frightened. Some
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Slight to moderate
damage in ordinary
construction. Some
chimneys broken.

VI Strong

Considerable damage
to ordinary
construction.
Chimneys, columns,

and walls may fall.
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Damage is great in
substantial buildings,
with partial collapse.
Buildings shifted off

foundations.

Some well-built
wooden structures

destroyed; most
masonry and structures
are destroyed.

USGS 08.2021



* Magnitude is a measure of the size of the earthquake, specifically, the Ea rthq ua ke
amount of energy released. M
easure -

* No longer called the Richter scale
* |tis now called just the magnitude scale (or “moment” magnitude scale) M agn |tu d e
* ltisfrom 1to 10 (sort of), Northridge 1994 was M6.7

M,, = (2/3) * log,,(rigidity of rock * area of contact * length of slip)—10.7

For the 2004 Indian Ocean Earthquake (and Tsunami)

Rigidity is 3* 10" dyne/cm?
Area of slippage is 1100km * 120km
Length of slipis 1T0m

(all calculations in dyne-cm)
M,, = (2/3) * log,,(3 * 10" * 1100 * 120 * 10 * 10'%) - 10.7 0.7



Magnitude

N WA YN

What
eventis
this, at

e

sz?/

Earthquakes

Chile (1960)
Alaska (1964)

San Francisco, CA (1906)
New Madrid, MO (1811) —
Charleston, SC (1886) —
Loma Prieta, CA (1 989)7

Kobe, Japan (1995)
Northridge, CA (1994)
Long Island, NY (1884)




Predicted Shaking due to an Earthquake of a given gﬂ—?

Magnitude (ie Ground Motion Prediction)
_._r,,..-"' =
Typical
Maximum ) . . . . CUI!EILJLI:.L‘-:?SI;;:”H ge
Magnitude Modified Shakl_n.g (MMI) = function of Magnitude(M), Distance(D), Site Redrdnibid 8
i} con d |t|O NS Chimneys, columns,
Mercalli and walls may fall,
Intensity |
1.0-3.0 | For eg (Davidson-Wald, 2007, simplified):

3.0-39 Il * MMl =c1 +c2(M-6) + c3(M-6)"2 + c4*log(D)+c5(D)+c6(MlogD)

1 4.0-49 V-V
Using the simplified equation and the constants from Davidson-Wald:

* AM7 earthquake at 10km (6mi) distance would cause MMI 8
6.0-6.9  VI-IX shaking.

5.0-5.9 VI-VII

7.0 and Vil or
higher higher

Magnitude/intensity

comparison, USGS



Hayward fault major history

Last notable earthquake was a M5.8 near Berkeley in 1870.

Previous M7 earthquake on the Hayward fault was in 1868, originated in
Fremont and ruptured north till Berkeley. It had 6 ft of horizontal slip.

Last six major earthquakes occurred at intervals of 95 to 183 years, with
an average interval of about 150 years.

We are currently at 157 years!



Uniform California Earthqguake Rupture Forecast
(UCERF version 3)

o« Bythe Working Group on California Earthquake Probabilities
e Endorsed by USGS, Southern California Earthquake Center (SCEC),
California Geological Survey (CGS)



UCERF3 Fault Model

The warmer colors (ie, towards red)
represent higher fault slip rates

Using 350 fault sections
250,000 fault scenarios
Incl. multi-fault rupture
scenarios

One of the fundamental
physical quantities being
evaluated in the models is the
amount of “moment”(energy)
locked/released due to
various slip scenarios.
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Richmond Hazard Map by

Metropolitan Transport and Assoc. of Bay Area
Govts. (aka MT/ABAG)

https://mtc.maps.arcgis.com/apps/webappviewer/index.html?id=4
a6f3f1259df42eab29b35dfcd086fc8



https://mtc.maps.arcgis.com/apps/webappviewer/index.html?id=4a6f3f1259df42eab29b35dfcd086fc8
https://mtc.maps.arcgis.com/apps/webappviewer/index.html?id=4a6f3f1259df42eab29b35dfcd086fc8

Shaking Hazard Map
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This map shows a composite shaking hazard for the Bay Area based on the
probability of many different possible earthquakes. The shaking level shown on the
map has a 10% chance of being exceeded over the next 50 years.



Liguefaction susceptibility
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Thank You!

Questions?

Suresh Raman
Sierra Boyd
Christina Valen



System of Systems

Berkeley - NHERI
“The benefit of infrastructure is diffused...” @ SImc_ente r."‘?
“How do we Show the Value?” Smart Infrastructure Center for Computational Medeling and Simulation

Road Network Water Network
250k nodes, 550k edges (OSM) 100k joints, 100k pipes (EBMUD)
7 million people 1.4 million customers
13 people/road segment 14 people/pipe segment




Interdependency - Alameda Case Study

Publicly available datasets

CUnited States”

ensus

Bureau

2 BRAILS
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Map between reference datasets (e.g., parcels, addresses)
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Inventory Generation To
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Map data from low to high resolution

{Area: 850 ft?} | | {Area: 750 ft?}

Resolve conflicts between different datasets
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Figure 6: Damage state immediately after the case study earthquake. Top: Building stock.
Bottom left: Potable water distribution infrastructure. Bottom right: Transportation
infrastructure.
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Figure 8: Damage and recovery state of infrastructure components 150 days after the
carthquake.
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We Can Expect Scenes Like This




The sooner and the
better organized
we are, the less
time and expense
it will take for
recovery.




—— Why Use Radios
After an
Earthquake?

- Radios may be the only
option to communicate in
your neighborhood and to
call out for help.

- Neighbors can
help first responders
by using hand-held
radios to report
victims and hazards,
and help save lives




A
Richmond Emergency
Communication (EMCOMM)
Radio Operators train, drill and
practice regularly.

Communication is Key




Richmond CERTs

(Community Emergency Response Teams)
train for immediate response.



RICHMOND .

&

CERTs and EMCOMM Radio Operators are trained in the
Incident Command System (ICS).

Richmond neighborhoods have Incident Command Posts (ICPs)



» Richmond Communication / Incident Command Post Structure

ICPs report Emergencies to the City EOC ICPs also communicate with each other.

Emergency

Operations
Center
Ham
Radio Radio
Neighborhood Neighborhood
ICP —> ICP
GMRS Radio

FRS

Radio FRS
Radio
Damage Medical Team /SAR \
Assessment Team Team

Neighborhood Field Teams send messages to their ICP



EMCOMM begins and ends in the Field.

Operational
Area/County

_ Government
Field (1C) /City



The Incident
Command Post
Communication

structure In
Richmond will
be used after
the earthquake
for recovery,
but...

To respond effectively

community volunteers
need support

e Caches of Supplies within
reach

* Emergency Response and
|CP Training for more
citizens
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Richmond Needs
More Neighborhood
Incident Command

Posts

* Neighbors helping
neighbors

* Training and using a
common structure

and language

* Communicating
when situations
cannhot be handled



Thank you and
Remember

* The sooner and the better
organized we are, the less
time and expense it will
take for recovery.

*RICHMOND:.
COMMUNITY EMERGENCY
RESPONSE TEAM

SPRING 2024
TRAINING SESSION

REGISTER NOW!

Classes begin Thursday,
March 28th at 6:00pm

Become a CERT volunteer and
help your community during
times of need.

Learn basic skills in fire safety,

medical assessment, light

search & rescue, and more! b
Register by Email:

No pre-requisites or special
skills needed.

(include your city address & phone number)




The Power of
Neighbor-to-Neighbor
(N2N)

Rocky Saunders
West Contra Costa Fire Safe Council
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* Neighbors helping neighbors is the first response action in any
emergency or disaster event.

* N2N assistance within the first hour of an event (aka the “Golden

Hour”) has the highest potential return for first aid and community
response like evacuation.

* N2N is a force-multiplier leveraging fire, law enforcement, and
emergency medical responses.
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* Investment in N2N is a leveraged investment in your citizenry.
* N2N benefits includes:

* Delivering Disaster Response: first-aid, coordinated evacuations,
effective neighborhood response including evacuations, if necessary
* Building community awareness

* Creating an informed citizenry

* Summary: N2N is a force-multiplier that can leverage emergency
response. It is an investment in Richmond’s citizenry.
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