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Agenda

e Engineers who ask Lots of Questions
» Anchorage 2018 Electric System Damage
e Empirical Data - 72 earthquakes

e Test Data - Modern

e Distribution Systems - the $300 Billion
Elephant in the room no one talks about

e Questions and Comments
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Key Points

e Substations: We have "nearly solved" the seismic
vulnerability: Some utilities are well on their way to
implementation. Some utilities are like Dinosaurs.

e Distribution Systems: The Elephant on the room

e How much to complete the job? Brute force =
$300,000,000,000 for California.

e SERA and ShakeMaps: tools to quantity, evaluate, and
make smart decisions. Maybe find a $40 B mitigation
plan that does 95% of the $300 B brute force plan.
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Will Liquefaction Damage a 230 kV Rigid Bus Substation at PGA = 0.5g7?

Large sand boil in 220 kV Yard




What about the millions of small stuff?




When we see this..... With a little coordination,
2 months later we are going to test!
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MAJOR LIMITATION
Many of the colors are based on DYFI (like MMI)
Instrumental motions show much more variation
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Anchorage
P laftnc PGA = 0.15 to 0.35g

ML&P 200 MW

University
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Teeland
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Repair up to 1.5 years
Damage
Repair up to months
Damage
Repair ~ 1 day
Briggs Notes:

Not all facilities shown

Generation Capacities are for all units (rounded)
Peak Demand, entire region, ~450 MW
Locations in some cases approximate
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Rigid Bus. Surge Arrestors. Transformer slid, breaking 2 bushings.+ 2 SAs.
PGA ~ 0.30g
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MEA Douglas Substation

Rigid Bus Expansion Joints, Bus Supports. PGA ~ 0.30g

Excessive differential movements leads to failures
Switch streel structures and bus supports

use I-beams, low frequencies,

twisting / torsion. All this is readily computed.
Suitable connectors are available.

Do utilities (and their A/Es) turn a blind eye?
Sunshine will expose the weaknesses. g
CEA, ML&P and MEA all have work to do. E




MEA Anderson Substation

Surge Arrestors. Circuit Switchers (candlestick breakers)
PGA ~ 0.30g
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MEA Pippel Substation

Candlestick Breaker. Surge Arrestors.



[ Damaged
: Undamaged

CEA

Pt MacKenzie 2018
230 138 kV

Lat 61.2496

Long -150.0268

o ol e

R

P

——————
- =

| o ri";... _'-'

=, Pl
2 -

i ]
nagery Dwris: 1TA/P0H  Isk BYZEBOIRT Lo - rurs s red]®







I Damaged

- ....r‘_ T = .J: . %‘*im
7 s TN

e W e
e 1 - : = .l'l



Key Findings

e Modern Seismic-Qualified Substations: a
WHOLE LOT BETTER than what was
orginally built in the 1960s and 1970s

e Old, vulnerable equipment had Fragility levels
PGA = 0.2g to 0.5g

e New, qualified equipment has Fragility levels
commonly PGA = 1.3+
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Why do we still have power
outages:?

e There remain (relatively minor) weaknesses at
substations (mostly related to the bus)

e HUGE: the low voltage distribution system
e Buried Cables: ~450 failures in 2010/2011

e Overhead: -1,000 failures in M 7; 50 failures in
M 6.

e What will a M 8 (San Andreas) produce: 5,000
failures? Or a Compton M 7 thrust event?
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Consider the Issues

e ow Voltage: commonly 16-32 manhours per repair
e 50 repairs * 16 manhours = §o0o0 manhours.

e Apply 50 repair people @ 12 hours / day, you are
done in 32 hours. People are “happy”

® 5,000 repairs * 20 manhours = 100,000 manhours.

e Apply 1,000 repair people @ 12 hours / day, you
are done in 8.33 days (200 hours). People are
“not happy”
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What should Utilities do?

e Continue procurement of IEEE 693 qualified equipment. v vV ¥ ¥ ¥V ¥
o Implement better cable flex bus and rigid bus detailing. v vV ¥V ¥ ¥ ¥

e Bury low voltage feeders ($300 Billion for California). CEO Patricia Pope
recently announced the first $20 Billion for PG&E. 90% improvement

e Emergency plans to use 10,000 repair people. COST EFFECTIVE

e Seismic design for low voltage overheads (insulated cables, no drop spans,
torsion design for elevated multi-transformers, deeper embendment in
liquefaction zones). CPUC / Boards to allow this to be recovered in rates.

e “Smart” de-energization? Can reduce about 20% of overhead repairs.
Unthinkable 30 years ago. Technically feasible today. Can a Utility depend
on third parties? A $10,000,000 grant from Congress's latest $1.1 T
Infrastructure plan might kick start a demonstration project - Who will step
up to the plate? An investor-owned utility? A public-owned utility?
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Where to get Reports

e http://www.geEngineeringSystems.com
o All free - see copyright, creative commons deed on the web site
e Books (typ. 300 pages) that describe seismic fragility models for:
e Natural Gas Pipes
e Water Pipes (Tanks, Levees, Tunnels)
e Electric Utility Components (new multi-volume report late 2022)
e Non Structural Components
e Fire Following Earthquake
e New TCLEE Reports No. 1 through 7 (earthquakes 2014 through 2021)
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What is SERA?

e System Earthquake Risk Analysis
* 32 years of development

e Available by license to Utilities

|t



SER A and ShakeMap

e SERA allows several kinds of earthquakes: User-
defined Scenario, USGS Probabilistic, Shake Map,
User-defined Probabilistic

e After most earthquakes M > 5, run SERA within a
few minutes post-earthquake. If SERA predicts
power outages or damage, engineers will go out to
inspect and verify.

e Current Interface: ShakeMap grid.xyz or grid.xml file.

e Better interface: Stationlist.txt (the raw data)
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Good, Bad, (and the Ugly)

e GOOD. grid.xyz files are “free”. Gives a quick look at what the range of
damage /power outages might be.

e BAD. grid.xyz Initial release files (< 1 hour) are unreliable. Beta is not 0.5%.
It can be >> 0.5. Revised files might take 5+ years to create. Improper data
may exist for a long time (eg. Carquinez instruments that measured bridge
pounding with PGA - 1.0g are still embedded in the Napa 2014 ShakeMaps)

e Fine points. Mish mash of DYFI and instrumental values gives artificial
smoothing. MMI is NOT the way to go if you want better loss estimates.

e A “smarter” Shakemap would use the instrumental data (from USGS) and
utility-specific Vs30, GMPE, basin, liquefaction, landslide, surface faulting

info.

e “Standardized” Shakemap files. Drudgery of writing / updating parsers and
exception handling for shifting .xyz, .xml, .json, .txt, .shp file formats.
PLEASE Include 'legacy" file formats even if new ones are added.
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ShakeMap SERA Merge?

e SERA 2030 vision: maintenance by the utilities.

e David Wald and crew are plenty darn smart.

e Can the US Federal Government maintain the
electric grid infrastructure?
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SERA MODELS - LARGE ELECTRIC

BC Hydro. 483 substations
BPA. 521 substations
PG&E. 981 substations
SCE. 1247 substations
SDG&E. 58 substations
PacifiCorp. 1400 substations

Total.

About 5,000 substations
350,000 transmission towers
11 million wood poles

60 million people
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Maximum Horizontal PGA (g)
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Earthquake Magnitude M

Magnitude of 72 Events
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Count by Magnitude, Number of Events
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Maximum PGA, Anywhere in ShakeMap
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20 Classes - By Bin, Running Count
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20 Classes - All Exposures
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Description Value Comment

|. Count of Items 3,231,904 Includes non-exposed items
2. Count of Items 632,313 Exposed Items, {'J'.E]I]HIE to I.{'}EIL
3. Max PGA level 0.87g

4. Max PGA level (5 or more 0.87g

itemns)

5. Min PGA level with any type 0.04g

of damage

6. Item count with any type of 109

damage

7. Beta (composite) 0.6530

8. Fragility (Median) 2.71g | Least Squares Regression

9. Fragility (Median)

1.80g

Running Pct weight
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Voltage [tems Number Max Max PGA below
(kW) Exposed > Damaged PGA PGA-5, which there
0.0001g g g 15 No
Damage, g
500 210 0 .32 032 032
230 2885 0 0,15 0.32 0,35
115 1856 0 0.32 0.32 0.32
69 0 0 0 0 0
LV 377 0 .30 0.21 0.30
Table 5-3. Exposure and Damage Statistics, Air Core Reactors (AC)
Voltage [tems Number Max Max PGA below
(kV) Exposed = Damaged PGA PGA-5, which there
0.0001g g g 15 no
Damage, ¢
SH) 0 0 0 0 0
230 0 0 0 0 0
115 0 0 ] 0 i
69 0 0 i) il 4]
LY 4063 e 042 (.35 0.23
Tahle 5-4. Exposure and Damage Statistics, Buildings {BL)
Voltage Items Number Max Max PGA below
(kW) Exposed > Damaged PGA PGA-S5, which there
0.0001g g g 1% no
Damage, g
500 3312 0 0.33 0.32 0.33
230 9788 0 042 (.35 0.35
115 143590 1 0.1% 0.35 0.04
ik 9173 0 .82 (.39 0.85
LV 468 1] 0.25 0.25 0.25
Tabie 5-5. Expoxure and Damage Statistics, Circuit Breakers (CE)
Voltage [tems MNumber Max Max PGA below
(V) Exposed = Damaged PGA PGA-5, which there
00001 2 E £ 15 no
E— I _ — Damage, g
S(H) 1113 0 032 0.32 032
230 2318 0 .35 (.35 0.35
115 1716 0 0.32 0.31 0.32
69 0 0 0 0 0
LY 0 0 0 0 0

Tahle 5-6. Exposure and Damage Statistics, Capacitors (CPJ
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Voltage Items Number Max Max PGA below
(kv Exposed = Damaged PGA PGA-5, which there
0.0001g g £ 15 T
Damage, g
5040 162 1] 0.07 0.07 0.07
230 2586 3 0.35 0.35 0,33
115 T345 1 0.55 0.51 0.55
69 1803 1] 0.35 (L35 035
LY 0 0 0 i 0
Table 5-7. Exposure and Damage Statistics, Circnit Switchers (C3)
Voltage Items Number Max Max PGA below
(kV) Exposed = Damaged PGA PGA-5, which there
0.0001g g g 15 Mo
Damage, ¢
S04 567 1] 0.13 (.13 0.13
230 747 0 0.20 0.20 0.20
115 T 0 0.33 0.33 033
i) B 0 0,31 0.30 0.31
LY 45 (b .09 Q.07 .09
Tahle 5-8. Exposure and Damage Statistics, Current Transformers [CT)
Voltage Items Number Max Max PGA below
(kW) Exposed > Damaged PGA PGA-5, which there
0.0001g g g 1% Mg
Damage, ¢
S0 11395 13 0.33 0.33 031
230 110551 24 0.42 i0.42 0.10
115 188334 3 0.55 0.55 0.10
o 1280 ] .87 .87 0.87
LY 201 ] (.20 1134 0.25
Tabie 5-9. Exposure and Damage Statistics, Disconnect Switches D5
Voltage [tems MNumber Max Max POA below
(V) Exposed > Damaged PGA PGA-5, which there
0000 g E £ 18 Mo
— I I Damage, g
) 0 ] 0 i 0
230 L 0 0 L) 0
113 0 0 0 0 0
69 0 0 0 0 0
LY 11121 1] 0.87 0.52 0.87

Table 3-10. Exposure and Damage Statistics, Emergency Power (EG)
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Voltage [tems Number Max Max PGA below
(kv Exposed > Damaged PGA PGA-5, which there
0.0001g g £ 15 T
Damage, g
5040 230 1] 0.24 (.05 0.24
230 468 1] 0,33 0.19 033
115 ) 1 013 0.10 0.30
69 0 1] 0 0 0
LV k1] 0 0.26 0.03 0.26
Tahie 5-15. Exposure and Damage Statistics, Reactors (RE)
Voltage Items Number Max Max PGA below
(kV) Exposed = Damaged PGA PGA-5, which there
0.0001g g g 15 Mo
Damage, ¢
S04 307 1] 0.24 .24 0.24
230 3198 1] 0.21 0.15 0.21
115 6738 0 0.35 .35 035
69 (1} 0 ] il i
LY 1] (b [ i ]
Tahle 5-16. Exposure and Damage Stalistics, Rizers {RS)
Voltage Items Number Max Max PGA below
(kW) Exposed > Damaged PGA PGA-3, which there
0.0001g g g 1% Mg
Damage, g
S0 1720 0 0.33 0.33 0.33
230 1277 0 0.35 (.32 0.35
115 1145 1] 0.36 (.36 036
o 0 ] i 0 ]
LY i) ] [ i {
Table 3-1 7. Exposure and Damage Statistics, Swree Arrestors (54)
YVoltage [tems MNumber Max Max POA below
(V) Exposed = Damaged PGA PGA-3, which there
00001 2 B £ 18 Mo
- R | P | I _Damage, g
) i ] 0 0 0
230 ) ] 0 0 0
115 6 1] 0.02 0.02 0.02
L9 52 1] 0.19 0.07 019
LY 2170 1] 042 0.42 0.42

Table 5-18. Exposure and Damage Statistics, Sation Service (55)
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Voltage [tems Number Max Max PGA below
(kv) Exposed > Damaged PGA PGA-5, which there
0.0001g g 1 15 Mo
Damage, g
500 785 i .33 0.33 0.23
230 4686 3 0.42 0.35 0.23
115 B5TH 2 0.55 0.41 0.0%
a9 13127 7 0.87 0.87 0.71
LV 2311 ] (.56 (.55 0.10
Table 5-1¥. Exposure and Damage Matiztics, Power Transformers (TR)
Voltage Items Number Max Max PGA below
(kV) Exposed = Damaged PGA PGA-5, which there
0.0001g g g 15 no
Damage, ¢
SHD 2860 o 0.33 (.33 0.31
230 22804 1 0.42 042 0.34
115 15315 1] 0.35 .35 (.35
i 568 1] 0,34 .34 .34
LY 465 ] 0.36 0.36 036
Table 3-20. Exposire and Damage Statistics, Voltage Transformers (FT)
Voltage Items Number Max Max PGA below
(kW) Exposed = Damaged PGA PGA-5, which there
0.0001g g g 1% Mo
Damage, g
500 0] 0 0.33 0.32 0.33
230 2883 0 0.42 (.35 042
115 595 1] 0.30 (.28 0.30
G 4 0 .34 (.29 0.34
LY L] ] i il 0
Table 5-21, Exposure and Damage Statistics, Wave Traps (WT)
YVoltage [tems MNumber Max Max PGA below
(V) Exposed = Damaged PGA PGA-5, which there
0.0001 2 E £ 1§ Mo
o N - Damage, g
S(H} 0 ] 0 ) 0
230 16 0 .08 (.03 .08
115 0 1] ] 0 0
69 0 1] 0 0 0
LY 1 TN G .19 0.39 027

Table 5-22. Exposure and Damage Statistics, Other Equipment { X1
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Air Core Reactors (AC)
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Bin size = 0.01g
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Figure 4-10.3, Number of exposures to varions levels of PGA, Disconnect Switch Class
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Figure 4-10.4. Number of exposures to various levels of PGA, Wave Trap Class
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230 - 500 kV Wave Trap, CCVTs
b il il |
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Figure 5-1 shows a photo and SERA database record for FagilitylD =111,
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= R e T R e | Ttem Value Comment
Prcaa 8 | Prota 2| Proa 3 | e 1_in | Preio 2.1 | oo 3 i _ FragilitylD 4 The SERA FragilitylD Number
' Type DS Disconnect Switch
Voltage 230 kV
Item Count 20736 Total items
Count > 0.0001g 3663 Number of Items exposed to PGA > 0.0001g
Count > 0.05g 537 Number of Items exposed to PGA > 0.05g
Count > 0.10g 219 Number of Items exposed to PGA > 0.10g
Count > 0.20g 42 Number of Items exposed to PGA > 0.20g
Max PGA g 0.32g | Highest PGA level any item was exposed to |
Max-5 PGA g 0.32g | Highest PGA level at least 5 items were exposed to_
Count Damage 0 Number of items damaged and remained functional
Count FuncDam 0 Number of items damaged and not functional
Count F or D 0 Number of items damaged and either func. or non-
- func.
I —— '—..:.‘ e — ' PGA Cutoff hasD, g 0.32g | Highest PGA level below which there was no
e = ol =— damage -
;"I 7y PGA Cutoff hasF, g 0.32g | Highest PGA level below which there was no func.
e gy L s el BE damage
km‘m:ﬂl'mm'ﬂ:trlI:Fﬂ:“_ﬂrI | .g-
PGA Cutoff hasFD, 0.32g | Highest PGA level below which there was no
g damage: f or non {
Fragihty D, g 0.85g | Weighted fragility based on damage but functional
Fragility F, g 0.85g | Weighted fragility based on damage non-functional
Fragility FD, g 0.85g | Weighted fragility based on damage, functional or
non-functional
Description Post Insulator, Double Height, Braced Frame
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IEEE 693 vs Reality

e IEEE 693 is geared to quality equipment for
PGA = 0.50g, with "margin"

e Margin is good. Otherwise, we get regular
widespread failures

o A few failures in a single earthquake
(earthquake sequence) is "acceptable".

|t



Fragility Based on Test Data

Type  Voltage  Median

B EY R RER R RO R R B RO R AR AR AR RS R ERBERBEREER

Class KY

BEEBEEE

115

115
115
230
230
115
500

230
115
115
230

115
S00
230
230
115
500
500
500
230
230
230
230
230
LS00
ELLE
115

115
115

PGA |
Lol
444
.95
243
1.43
1.313
133
135
FR
1Lx1
1.7
La7
1Lx
079
1.21
158
151
Lds
129
1590
1.7
1.8z
1.14
1.08
L&
1.2%
197

L5
043
.47
6.0
183
1.95

116 |

L
168
253
1&5
1oz

Bata

043
0.2%
043
0.30
0.38
0.28

0.28

031
.31
0.27
030
031
0.29
0.34
0.29
0.38
0.29
0.29
0.2%
0.29
0.29
0.2%
0.29
0.31
031
0.34
0.29

.27
0.35
0.9
1104
025
.31
o.2F
o.2%
031
.31
031
031

Slack

Frequency Hz
30

Lb

7

&3

4.3

11.5%

T4

14.2

63

6.8

[0}

11.1

5.0

14.2

2.6

LB

48
34
%]
10.3
149
40

75
5.7
T
4.1
34
L6
16
73
185
23
14.2

Type Voltage Pedian Beta

Class KV

230
230
230
11%
500
500
115
500
115

M
115

115
500

£l
11%
230
a0

&l
a0
230

500
230
500
500
500
500
115
230
230

71
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Modern, mostly post IEEE 693

=%

GO0 |

230

PGA, £

471
L.9G
6.83
0.88
L3R
1.17
137
iy |
199
105
455
L78
207
LAl
297
L4l
161
LT3
1.84
L35
297
2.95
1.50
L&y

0.4z
L.08
0.94
0.95
0.55
0.28
31.03
114

031
03y
030
031
09
029
03l
028
035
034
035
029
035
035
0%
031
31
031
29
034
029
0zy
Lot
%

042
0%
0%
029
09
029
03l
0.34

Slack
Frigjusamsy HE
3.1
55
1.1
6.6
15
2.0
L7
5,0
83
53
84
15
101
0.8
4.3
4
F
4.7
34
8.0
4.3
1.9
4.0
.7

6.2
4.5
18
18

13
11.9



Component | 34kV | 60kV 115kV | 230kV | 500 kV
CB 1.05 1.66 1.41 2.22 2.26
CS 1.72 1.52 1.90 1.49
DS 5.55 2.19 1.49
PH rreieess 0.55 0.28

SA 4.89 3.88

Average PGA Fragility levels (Medians)
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The Elephant in the Room
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SERA v 8.2 Cusiomer Outage Forecast

1,000,000

I | |

Can SERA Reasonably Predict Power Outages?

|SERA Forecast vs Actual, 12 M 6+ Earthquakes |

i

100,000 -

10,000

Obsernved Dutages (Cusiomers)

31

1,000}

Regression line: nea

rly a 1:1 slope

100
oo

1.000 10,000 1060, 00d0
SERA 9.2 Forecast Outages (Customers)

T
1,000, D00
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OH Repair Rate PGV Total: 921 Repairs.

0.35
slope = 0.002451
intercept = -0.01153 ®
] 0.30 -
0.25-




Some data from Ridgecrest 2019

e July 4. M 6.4. 49 incidents. 19,501 customers lose power. CM = 16.1 Million
e July 5. M 7.1. 87 incidents. 17,808 customers lose power. CM = 19.4 Million

e In comparison. Winter storm: 200 Million CM (x+ times per year). High
wind event: 500 Million CM (1 time per century). M 7 Earthquake: 1

Billion CM. M 8 Earthquake: 5 Billion CM (?)
e What’s acceptable in California?
e 40 Million to 100 Million CM: customers generally satisfied.
e 500 MillionCM: some customers angry.

e 5 Billion: politics takes over, anything can happen.
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Date Time Crew Crews Duration Man Damage Summary
Size Needed Hrs hours

07/19/2019 13:25:00 | 4 1 4 16 Wire Stripped to Steel Core
07/06/2019 8:58:00 4 1 B 32 Cross-Arm
07/04/2019 18:31:00 | 4 1 4 16 Cross-Arm
07/22/2019 10:23:00 | 4 1 4 16 Cross-Arm
07/06/2019 5:12:00 | 4 1 8 32 Cross-Arm
07/06/2019 4:09:00 | 4 1 4 16 Cross-Arm
07/06/2019 12:17:00 | 4 1 10 40 Transformer / Fire
07062019 £:12:00 | 4 1 8 32 Leaning Pole / Replaced Pale
07/06/2019 6:13:00 | 4 1 16 64 Broken Tap
07/07/2019 17:09:00 | 4 1 B 24 Birdcage / Flashover / Broken
07/05/2019 13:30:00 1 1 1 1 ;"—r:GTr.E' Down
07/06/2019 1:30:00 | 4 1 B 37 Pri. Wire Down
07/06/2019 23:50:00 | 4 1 4 16 Replace Street Light Pole
07/07/2019 | 20:01:00 | 5 1 1 g Transformer
07/10/2019 7:08:00 | 4 1 8 32 UG Sec. Damaged
07/07/2019 | 21:52:00 | 4 1 6 24 Transformer
07/05/2019 | 15:36:00 | 4 1 g8 37 UG Sec. Damaged
07/08/2019 11:33:00 | 4 1 8 32 Broken Insulator / Flashover
07/30/2019 12:25:00 | 1 1 4 4 Equipment Twisted [ Repaired
07/08/2019 12:25:00 4 1 4 16 Sec. Wire Down
07/06/2019 19:10:00 | 4 4 5 80 Leaning Pole / Repair Pole
07/04/2019 14:45:00 | 1 1 1 1 Pri. Wire Down/ Cross-Arm
07/05/2019 15:14:00 | 5 1 B 40 Pri. Wire Down

Remote area. Might be EQ-related
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3 Transformer Frames: High W, Low Frequency, High Wire “snapping” forces,
High Torsion = high displacement demand on drop wires
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Tilted Poles

|t



_ [Hl
|r:|'

]i'|| A

i'|'-|
{[HIHi |r hr
T
ST
Y
A
Lt

fatil ;f Ta

e

1 I['

H |‘I||

A

il ‘”“hjih’“ |
|

'I| ni

.I'.
IS i

%

il

r‘a |What oauses the hlgh curvature cable galloping dynamics

i

H e
} R
ILH‘{

|t



Insulators

Replaced

Why: high conductor forces. If copper wires, wires can break.

If ASCR wires (aluminum with steel core), the conductor is so strong, the insulator breaks.
Or, sometimes the cross arm breaks.

Root cause: no seismic design to determine forces in wires and limit forces to aIIowabIeE



Replaced
Street Lights :

Inertial loading. Why? ShakeMap shows PGA 0.28g constant for both these poles.
Most likley, this was not the case, and PGA (spectra) was >> 0.28¢.
(or, did local Dogs weaken these poles?). Corrosion is KING
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Wire Down

Wire Test Data

as L I L e e

aid e, =

A . high S, Paita 1025 mecoech) 4

B BT Qs DA DEE QM ROIE QR SR Qe
Do in ¥ incfu - chea

Copper Wires: Break forces around 1,200 pounds. Non-ductile, Strain at failure ~ 2%
Aluminum wires: Non-ductile if using electrical-grade aluminum
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Cross Arms
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Cross Arms




Older Transformers hooked onto Cross Arms
Not many of these left....

a

~4

By

<
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Wrapped Wires

Secondary neutral wrapped around an energized phase leading to burn down. E



Cable / Pole Snapping Forces




Trends

e Rate of failures much higher if poles are in liquefied
zones

e Drop span poles (lots of sag to produce zero forces
under normal conditions) have much higher rates of
repairs

e Phase-to-phase causes momentary outages (commonly
a few seconds), or opens a breaker (recloser) requiring
inspection before re-energizing, or opens a fuse or
causes an entanglement / burn down, requiring repair.

e Fragility: PGA, PGV, SA(T=3.0 seconds).
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Summary

e SERA - ShakeMap. These tools can predict power

outages. All you need

| is inventory, fragility, hazards.

e Substations. The prol

blem is largely "solved". Some

utilities implement. Others are waiting for that 66

million year event

® 475, 975, 2475 years ''code-probabilistic". These are

actually 3, 4, 7 years "
area.

reality" for a large geographic

e $300 Billion will reduce power outages by 90%.

Maybe SERA - ShakeMap tools can do this "smarter"
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Thank you
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