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Scenario Events

No. Scenario Abbrev.

1
Main Shock
Mw 7.05

MS705

2
Aftershock 1
Mw 5.20

UC523

3
Aftershock 2
Mw 5.40

OK542

4
Aftershock 3
Mw 6.20

PA621

5
Aftershock 4
Mw 6.00

MV598

6
Aftershock 5
Mw 6.40

CU640



Main Shock Event
Mw 7.05



Aftershock 1 - UC523 
Mw 5.2



Aftershock 2 - OK542 
Mw 5.4



Aftershock 3 - PA621 
Mw 6.2



Aftershock 4 - MV598 
Mw 6.0



Aftershock 5 - CU640 
Mw 6.4



Methodology – Scenario Event



Collapse Capacity Reduction



Collapse Capacity Reduction

Collapse Capacity Reduction 
After Main Shock

Structure has Minor Damage 0%

Structure has Moderate Damage 13%

Structure has Severe Damage 40%

Collapse Capacity Reduction After 
Random Aftershocks

Structure has Minor Damage 0%

Structure has Moderate Damage 14%

Structure has Severe Damage 53%

Cumulative Collapse Capacity

Damage Before
Main
Shock

Aftershock

1 2 3 4 5

Minor 100% 100% 100% 100% 100% 100% 100%

Moderate 100% 87% 75% 64% 55% 48% 41%

Extensive/Co
llapse

100% 60% 28% 13% 6% 3% 1%
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Embankment Dam 
Fragility Limits



Embankment Dam Locations 



Embankment Dam Results 



Dam No. RESERVOIR
Reservoir 

Classes
PF - MS 

(%)
Damage 

Level
PF - 

MS+AS (%)
Damage 

Level
MCE Site 
PGA (g)

Damage 
Level  MS

Damage Level  
MS+AS

14 39th Ave. L4 16.0 Minimal 19.2 Minimal 0.80 Severe Severe
20 Almond L2 24.0 Light 28.8 light 0.78 light Moderate
30 Argyle 2 L1 21.0 Light 25.2 light 0.86 Moderate Moderate
15 Briones L2 12.0 Minimal 14.4 Minimal 1.00 Severe Severe
00 Central L3 16.0 Minimal 19.2 Minimal 0.71 light light
05 Chabot L3 12.0 Minimal 14.4 Minimal 1.05 Severe Severe
01 Claremont L3 35.0 Light 42.0 light 1.00 Severe Severe
28 Danville L3 16.0 Minimal 19.2 Minimal 0.65 light light
03 Dingee L4 16.0 Minimal 19.2 Minimal 1.00 Severe Severe
18 Dunsmuir L2 16.0 Minimal 19.2 Minimal 1.09 Severe Severe
09 Fay Hill L1 10.0 Minimal 12.2 Minimal 0.57 Minimal light
02 Lafayette L1 16.0 Minimal 19.2 Minimal 0.60 Minimal light
21 Leland L1 8.0 Minimal 10.0 Minimal 1.19 Severe Severe
24 Maloney L2 16.0 Minimal 19.2 Minimal 0.85 Moderate Severe
22 Moraga L1 9.0 Minimal 11.0 Minimal 0.66 light light
27 North L1 12.0 Minimal 14.4 Minimal 0.87 Moderate Moderate
06 San Pablo L1 13.0 Minimal 15.2 Minimal 1.00 Severe Severe
29 San Pablo CW L1 9.0 Minimal 11.0 Minimal 0.75 light light
23 Sobrante CW L3 24.0 Light 28.8 light 0.83 Severe Severe
17 USL CW L3 35.0 Light 42.0 light 0.80 Moderate Severe
31 Upper San Leandro L1 35.0 Light 42.0 Light 1.02 Severe Severe
33 Watson L2 19.0 Minimal 22.8 Light 0.76 light light

Embankment Dam 
Damage Summary



Tank Reservoir 
Fragility Limits



Tank Reservoir Locations 
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Tank Reservoir 
Damage Summary

Moderate Damage

No/Slight/Minor Damage

Extensive Damage

Complete Damage



Tank Reservoir 
Damage Summary

Moderate Damage

No/Slight/Minor Damage

Extensive Damage

Complete Damage



ALA Vulnerability Functions



ALA Vulnerability Functions



Pipeline Fragility Limits
Landslide

USGS Holzer Liquefaction 
Potential Index

USGS Witter Liquefaction 
Susceptibility
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Pipeline Fragility Limits
Liquefaction

CGS Wills Landslide 
Susceptibility



Pipeline Fragility Limits
Fault Displacement

CGS Alquist-Priolo Fault Zones



Large Diameter Pipelines 







PIPE MS705 UC523 OK542 PA621 MV CU640 TOTAL 
C 156 0 77 9 9 9 260 
L 50 0 7 4 4 4 69 
T 3 0 0 0 0 0 3 
S1 69 1 19 25 24 25 163 
S2 36 0 0 36 36 36 144 
S3 8 0 0 8 8 8 32 

TOTAL 322 1 103 81 81 82 671 
% 17% 0% 5% 4% 4% 4% 35% 

 

Total Damage

Large Diameter Pipeline Results
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Large Diameter Pipeline Results



Thank You!

ありがとう
ございました!

謝謝!
Thank You!



Questions?

Yogesh Prashar, P.E., G.E., Env. SP
yogesh.prashar@ebmud.com

Roberts McMullin, P.E.
roberts.mcmullin@ebmud.com

Andrea Chen, P.E., LEED AP
andrea.chen@ebmud.com

Xavier Irias, P.E.
xavier.irias@ebmud.com
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