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Quiz

• Assume a Hayward M 7± earthquake occurs March 
24 2025 (today) at 4 pm, breaking the fault from 
San Pablo to Fremont (the north and south 
segments)

• Question 1. Will there be a sustained power outage 
(> 5 minute duration) at Davis / Citrus Hall (here)?

• Question 2. If "yes", what will the duration of the 
outage be? Minutes? Hours, Days? Weeks?

• Question 3. Why?



Yes No

Will there be an 
outage?



None
or 
< 5 
min

5 mins 
to 

1 hour

1 hour 
to 
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hours
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to 12 
hours

12 
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day

1 day 
to 2 
days

2 -4 
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2 -4 
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How 
Long 
will 
the 

outag
e last?



Maximum PGA, Anywhere in Northern California
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Earthquake
Computed using ShakeMaps (Max H1, H2)

> 0.80g 6 events in 41 years (1 / 6.8 years). 2475?

> 0.60g 11 events in 41 years (1 / 3.7 years). 975?

> 0.50g 12 events in 41 years (1 / 3.4 years). IEEE High

> 0.40g 15 events in 41 years (1 / 2.7 years). 475?



Topics

• BART: Spatial Variation of Ground Motions; 
Benefit Cost Analysis; $1 Billion Seismic 
Upgrade Program (2002)

• Power and Gas: Spatial Variation of Ground 
Motions; Probabilistic Analysis with Spatial 
Variation of Ground Motions; Comparison to 
LBL Hayward R1 Motions (2025)

• EBMUD: Fires, Earthquakes?



What is SERA?



SERA MODELS (ELECTRIC)

BC Hydro

Bonneville Power Administration

PG&E

SCE

SDG&E

Pacificorp (Oregon) 

Rocky Mountain Power (Utah)

100%
138-500 kV

95%
230-500 kV

95%
230-500 kV

100%
60-500 kV

80%
60-500 kV

90%
138-500 kV

100%
138-345 kV Total. > 3,000 substations. (60 million people)





Simulation 1





with spatial variation of motions
average of 100 Monte Carlo Simulations

random spatial variation of motions
average of 100 Monte Carlo Simulations

$ Millions in Direct Damage Losses

Conclusion (2002 vintage): High Stress Drop earthquakes increases the losses more
than Low Stress Drop earthquakews reduces the losses.  

or.... take Median losses, add 20%. The answer is the same (as long as T < 1 second)







is CPU and Memory Intensive

was impractical in 2002; feasible in 2025

on a 1 Tflop... but ~1 second (?) on an Exascale 
computer









Benefit-Cost Results

Retrofit 
Cost

Total 
Annualized 
Damages     

13 Scenarios
Annualized 

Benefits
NPV 

Benefits BCR

BART Condition ($millions) ($millions) ($millions) ($millions)
Status Quo n/a $175.48 n/a n/a n/a
Life Safety $594.88 $37.34 $138.14 $2,338.92 3.93
Partial Operability - 1 $737.39 $23.46 $152.02 $2,573.85 3.49
Partial Operability - 2 $863.03 $22.45 $153.03 $2,591.05 3.00
Partial Operability - 3 $1,105.45 $20.28 $155.20 $2,627.72 2.38
Full Operabillity $1,323.32 $15.95 $159.53 $2,701.06 2.04
Extended Operability $1,443.32 $11.69 $163.79 $2,773.13 1.92
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The EBMUD Water 
Question
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What EBMUD Does Not Tell 
You

• Over the last 2 decades, EBMUD has 
dramatically reduced Water Storage in the High 
Fire Risk Areas

• Summit Reservoir: 90% reduction. 37 million 
gallons -> 3.5 million gallons

• Berryman Reservoir. 15 million gallons -> 2.6 MG

• Piedmont 1, Piedmont 2, Dingee, Swainland: 
75% reduction from 30 MG -> 5 MG



EBMUD

• Should EBMUD spend $6 Billion to replace 
seismically weak water pipes (Cast Iron, 
Asbestos Cement, etc.)?



The Electric Grid Question



What are we 
trying to accomplish?

Vancouver, British Columbia, March 4 2025



What are we trying to accomplish?

Monroe, Washington, April 24 2024



What are we trying 
to accomplish?

Newport Oregon, May 11 2023



How to Decide?
• CM = 100,000 to 1,000,000. A common day. Good enough.

• CM = 4,000,000. Offshore Humboldt M 7.0 Dec 5 2024. Good enough.

• CM = 50,000,000.  Big winter storm. Good enough.

• CM = 35,000,000 to 90,000,000.  Napa M 6.5 2014, Ferndale M 6.4 2022. Customers 
were generally satisfied.

• CM = 100,000,000. Customers are edgy.

• CM = 500,000,000. Customers angry. 2002 Wind storm San Gabrial Mountains 2011.

• CM = 1,000,000,000. Customers not happy. Loma Prieta M 6.9 1989.

• CM = 5,000,000,000. Expect lots of complaints from customers and politicians

• CM = 25,000,000,000. Perhaps Governor Newsom Takes Over ... GOLDEN STATE 
ENERGY??



Time 0 - Earthquake Occurs

Time A - Complete Repairs 
at Substations

Time B - Complete Repairs 
for Distribution



Time 0 - Earthquake Occurs

Time A - Complete Repairs 
at Substations

Time B - Complete Repairs 
for Distribution

Customer-Minutes (CM) for SA M 8.0
(Area under curve)



Time 0 - Earthquake Occurs

Time A - Complete Repairs 
at Substations

Time B - Complete Repairs 
for Distribution

Two Strategies: 
1. Mitigation (fix it so it does not break)
2. Emergency Response (fix it faster)

1

Fix It

Faster repairs

1

1

2



Strategy
• Option 1 (Fix It). Costs $$$. Done as normal design. 

Get it done over 35 years (equipment replacement 
cycle), or, in a few cases, get it done immediately.

• Option 2 (Repair Faster). Costs $. Requires big repair 
crews, parts, coordination. Can the utility muster 
10,000 repair crew? or 1,000?

• Benefiåt Cost Ratio. Ideally, the benefits (reduced 
outage times, less damage, etc.) should outweigh the 
costs (BCR > 1). 

• SERA does a lot of these computations.  



What has David McLellan 
Provided?





Hayward Fault Zone



Grid: 39 x 58 = 2262 points

Grid Spacing: ~0.02 degrees

Grid Skewed ~30°

Inside the Box: include for analysis

Outside the Box: exclude for analysis

Projection: UTM Zone 10



PGV, cm/sec
(max FN, FP)



PGA, g
(max FN, FP)







LBL R1 Motion

Min and Max 



SERA Suite of 95 Motions
• 14 Causative Faults

• 3 to 9 simulations of each event

• For each event, assign a Return Period

• For each event, compute the ground motions at a grid (delta = 0.005 
degrees) using NGA 2013 GMPE models.

• Vary the sigmas (inter-event intra- event) at each grid point (with 
spatial correlation)

• The sum of 95 scenarios recovers the USGS 2018 National Seismic 
Hazard Map, for periods from 10 years to 10,000 years.  
BEAUTIFUL !!!!! Captures Monte Carlo, Benefit-Cost, Scenario, 
National Codes (2475, etc.), Intra- and Inter-event variability... 
PLUS.... 100% tied to empirical instrumental variations.... 



LBL Models vs SERA models

• LBL: 50 realizations of Hayward event, 
geophysical model with spatial correlations

• SERA: 95 realizations of 14 events, GMPE 
model with spatial correlations, and with 
Return Periods that recover the USGS 2018 
National Hazard Model



LBL vs SERA models

• LBL: Compute time = 11 hours per realization on 
EXA-SCALE computer. (1,000,000 Teraflops)

• SERA: Compute time = 5 seconds per realization 
on a Steve Jobs SUPER-COMPUTER (40 
Teraflops)



What are we Trying to 
Achieve? (2025 Questions)

• EBMUD Water: Should EBMUD spend $1 Billion 
to replace 300 miles of especially vulnerable water 
pipes?

• BART Trains: Should BART spend another $600 
million to retrofit the Berkeley Hills Tunnel?

• PG&E Electric: Should PG&E spend $10 Billion to 
underground overhead electric distribution wires?

• PG&E Gas: Should PG&E spend $1 Billion per year 
to replace 1970s vintage MDPE pipes?  



LBL R1 Motion

SERA Suite of 95 Motions (partial list)



Simulation PGA Fault

SERA 18 0.5651 Hayward

SERA 19 0.5370 Hayward

SERA 20 0.3335 Hayward

SERA 21 0.2725 Hayward

SERA 22 0.4693 Hayward

SERA 23 0.2644 Hayward

SERA 24 0.4437 Hayward

SERA 25 1.0511 Hayward

SERA 26 0.6946 Hayward

LBL R1 0.2169 Hayward

Substation That Serves My House



Westinghouse 500 kV CBs being installed at Vincent Substation (c. 1968).



Moss Landing Following 
Loma Prieta Earthquake



500 kV Circuit Breaker Damage



Moss Landing 1989 CVT 500 kV



Moss Landing: 4 of 4 CCVTs damaged



The Elephant in the Room

Low Voltage Feeders



Distribution Outages

• Today (2025), perhaps the single largest 
contributor to EQ-related outges in modern 
electric systems



SERA v 9.3.1.3 Capability

Ferndale 2022

Loma Prieta 1989



Questions?


