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THE BBP: User Specified Inputs

Earthquake Source Inputs: Station Inputs:

B e I oan B i AR s o B #EEF Station List for Scenario 123
#SLong cLat ESH

MAGNITUDE = ¥.< -112. 092 24,031 S0032-4A-GEN

FAULT_LENGTH = 186 .599688 ~117.974 34.100 5010-A-NHD

FAULT WIDTH = 15 .FAREAG 112 222 24 022 S006-4A-CYP

DEFTH_TO_TOF = A.H

STRIKE = 335.1446

FakE = 18H

DIPF = 98

LAT_TOP_CENTER = 3E6.36628H
LOM_TOP_CEMTER = -121.55Z2Z08
HYPO_ALONG_STE = Z2.25
HYPO_DOWH_DIP = 9.57

DWID = 6.1
DLEW = B.1
LT = A.1

n = 1

SEED = 1343642




THE BBP: User Specified Inputs

M-A Scaling

Earthquake Source Inputs:

HEHEN— 52 2t et
MAGMITUDE = 7.2
FAULT_LEMGTH = 186 .3980606
FAULT_WIDTH = 15.60RRAA

DEPTH_TO_TOP = B.8

STRIKE = 335.1446

RakE = 15H

LDIP = 9AF

LAT_TOP_CEMTER = 3E6.366288
LOM_TOP_CEMTER = -121.55ZZ200
HYPO_ALONG_STE = Z2.£5
H¥YPO_DOWH_DIP = 9.57

DWID = B.1
DLEW = B.1
LT = A.1

n = 1

SEED = 1343642

Flenemn = 106.89

<€ >
M,, = log(A) + 4

M, =107(3/2M,, + 9.1050)
where: Mg (Nm)

0°ST = HIaM,



THE BBP: User Specified Inputs

Fault Parameters

Earthquake Source Inputs:

HEHEN— 52 2t et
MAGMITUDE = 7.2
FAULT_LEMGTH = 186 .3980606
FAULT_WIDTH = 15.60RRAA

DEPTH_TO_TOP = B.8
STRIKE = 335.1446
RakE = 15H

DIP = 9A

LaT_TOP_CEMTER = 3E6.36628H
LOM_TOP_CEMTER = -121.55ZZ200
HYPO_ALONG_STE = Z2.£5
H¥YPO_DOWH_DIP = 9.57

DWID = B.1
DLEW = B.1
LT = A.1

n = 1

SEED = 1343642

Depth (km)

STRIKE = 338

e Dip follows
Aki & Richards

+ Dip




THE BBP: User Specified Inputs

Hypocenter

Earthquake Source Inputs:

HEHEN— 502 RS
MaGHWITUDE = 7.2
FAULT_LENGTH = 186 .5390868
FAULT_WIDTH = 1k.BBEBAE
DEFTH_TO_TOP = B.8

STRIKE = 333.1446

R4kE = 15H

DIP = 9K

LaT_TOP_CEMTER = 3E6.36628H
LOM_TOP_CEMTER = -121.55Z200H
HYPO_ALONG_STE = 22.28
HYPO_DOWN_DIP = 9.57

STRIKE =338

(Hypo,s Hypopp)
(22.28, 9.87)

+ HypOAIong Strike

‘ypvong Strike

(36.37,-121.55)

DWID = B.1
DLEM = B.1

T = 8.1

SEED = 1343642




THE BBP: User Specified Inputs

Rupture Generator

Earthquake Source Inputs:

MR — 5 T 2 et
MaGMITUDE = 7.2
FAULT_LEMGTH = 186 .53900060
FAULT_WIDTH = 15.6000BEBEA
DEPTH_TO_TOP = B.8

STRIKE = 3358.1446 (36.37, -121.55)
RAKE = 186 £
DIF = 96 N Rt
DWID
LAT_TOP_CENTER = 56.366200 2.28 km
LOM_TOP_CEMTER = -171 .FEZ2AA DLEN

HYPO_ALOMG_5TE = ££2.23
HYPO_DOWN_DIP = 9.387

(DWID = 6.1
DLEW = B.1
D=t

\JEED = 134364




THE BBP: Output Files

FAULT TRACE AND STATION MAP
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THE BBP: Output Files

Acceleration (cm/s/s) Acceleration (cmys/s)

Acceleration (cm/s/s)

Lo
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THE BBP: Output Files

Horiz. Sa (g)

1.00

0.10 ,//*/»\J‘

0.01 \

0.00

0.01 0.1 1 10
Period (sec)

= Horiz. RotD50 Response
Spectrum

=  ASCIl Format



THE BBP: Simulation Modes

Mode | Rupture Generator Hypocenter Description
1 |Random Slip Random Hypocenter| Mode used for Part B: GMPE Comparisons
2 |Random Slip Fixed Hypocenter |Mode used for Part A: Event Validation
3 |Fixed Slip Random Hypocenter| Keep SEED the same, change hypocenter (needs evaluation)
4 |Fixed Slip Fixed Hypocenter |Fix SEED and Hypocenter, all realizations produce identical results

Down-Dip (km)




SWUS SSHAC Project Overview

= The objective of the SWUS SSHAC study is to provide a ground motion (GM)
model that can be used to assess seismic hazard at Palo Verde and Diablo
Canyon.

= Development of the GM model begins with an analysis of published Ground
Motion Attenuation Equations (GMPE) for their applicability to the project
locations, site conditions, and source characterization

= |nputs to the GMPE’s include:
- Magnitude (M)
- Distance (R,,,, R,, and Ryg)
- Style-of _Faulting
- HW/FW
- Depth to Top of Rupture (Z;oz)
- Dip
- Site parameter (V,30)



SWUS SSHAC Simulations

Purpose:

"  Augment the empirical dataset in area where
earthquake data is lacking or insufficient:

8 PR | s+ aesiel Losoaaaanl L1 s einl 3 s o p el
RN ERgLY i 3 opiities miom ildzize =@ A e

-  Close-in Distances
(< 10 km)
- Large Magnitudes

= NGA-W1 :
= NGA-W2 worldwide |  :

357 NGA-W2 CA SMM e
EEHEEEEE R o~ O R
3 T " """i L} L "";'] Y T l';l:;r - T ll'll‘ll'] L] TrrTTTy
0.01 0.1 1 10 100 1000

Distance (km)



SWUS SSHAC Simulations

Purpose:

" Generate datasets that can be used to study a particular

effect:

- The hanging-wall effect
- The effect of fault geometrical complexity on near fault ground motions
(e.g. Complex & Splay faults)

Magnitude 6.5, Dip = 45 Stations Hosgri - LO Complex Rupture (M=7.2)

Northing (km)




SWUS SSHAC Simulations

SINGLE FAULT RUPTURES:

= Purpose:
= Constrain hanging-wall effect for low magnitude
scenarios (M5.5 and M6)
=  Compare hanging-wall scaling between models in
mid-magnitude range (M6.5 and M7) e Leonard M-A
Scaling
= Description of Scenarios:

= 37 Scenarios:
= Mode 1 (Random Slip & Random Hypocenter)

Magnitude 6.5, Dip = 45 Stations

= Mw5.5 - Mw7.0 /IR S S e S
= Reverse Slip (Rake =90 degrees) S N PP EE S S S
= Dip (10 - 60 degrees) S s R S s A S S S
= Ztor (0-~12 km) I S e i
= 32 Realizations per. Scenario Qi A i A A A
* 3 Methods BIREREE
= Graves and Pitarka =7 ¢ e e ’ """" ’ """"
= SDSU i I
= ExSIM S S O AP U A S S
" 182 Stations ot S R O O R I
-25 -20 -15 -10 -5 0 5 10 15 20 25

= 646,464 Seismograms Easting (km)



SWUS SSHAC Simulations

COMPLEX & SPLAY FAULT RUPTURES:

Splay Complex




SWUS SSHAC Simulations

PURPOSE OF COMPLEX & SPLAY FAULT SCENARIOS:

To develop simulated ground motions for the complicated fault geometries near
DCPP that help inform our decision of how to most appropriately compute the

GMPE input parameters.

Los Osos — SLB Splay Rupture (M=7.4)

Rrup Rjb Rx width,,
(km) (km) (km) Mag dip rake (km)
Los Osos 8.57 0.0 9.90 7.40 60.0 90 32.0
San Luis Bay 1.00 0.0 1.07 6.40 70.0 90 12.7




SWUS SSHAC Simulations

METHODOLOGY TO COMPARE SPLAY FAULT SCENARIOS AGAINST

GMPEs:

Compute Simulated GMs for the Combined
Splay Rupture:
Synthetics are generated for both Primary and Splay
rupture (GP, SDSU, and ExSIM)
— Waveforms are combined in the time domain
— Response spectra and rotD50 spectra are computed

Compute Simulated GMs for the Primary
Segment alone.

Compute Splay Fault Rupture Adjustment
Factors from the Simulation Results:

— Factors are a ratio between the rotD50 of the
Combined rupture and the simulated Primary rupture
(In units)

Compare factors computed from the 4 GMPE
approaches against the factors derived from
the simulations to inform our decision about
which GMPE approach to use.

Hosgri -
507

40t
30
20
10t

£ o
1ol
20l
a0l

_40 L

SL Splay Rupture (M=7.4)

1 1

-30 -20 -10

0 10

km




SWUS SSHAC Simulations

GROUND MOTIONS FOR SPLAY RUPTURES:

Method 1: SRSS Multiple Fault Segments

— Compute response spectrum for each segment (or fault) at the closest point
(using that segment’s dip, rake, width, distance, and magnitude)

— SRSS the two segments:

— 2 2
S aSRSS - \/S aHosgri T S aShoreline

Method 2: Single Fault with Fault Parameters Averaged by Area
— Use total magnitude for full splay rupture

— Compute weighted avG. of fault parameters (rake, dip, and width) by area
— Response spectrum computed at closest point

Segment Length Width Area Rake Dip Strike
Hosgri 107.0 15.0 1605.0 180.0 90.0 338.0
SLB 18.0 16.0 287.3 90.0 70.0 99.0

Method 2 125.0 15.1 1892.3 167.0 87.1 303.6




SWUS SSHAC Simulations

GROUND MOTIONS FOR SPLAY RUPTURES:

e Method 3: Single Fault with Fault Parameters Averaged by 1/R?2

— Use total magnitude for full splay rupture

— Discretize fault and compute weighted average of fault parameters (rake,
dip, and width,,) weighted by 1/R?

— Response spectrum computed at closest point o&® 10

 Method 4: Single Fault with Closest Segment Parameters
— Use Magnitude for full splay rupture
— Fault parameters taken from the closest segment
— Response spectrum computed at closest point



SWUS SSHAC Simulations

SPLAY FAULT SCENARIOS:

1) Primary Hosgri rupture; secondary Shoreline rupture
2) Primary Los Osos rupture; secondary San Luis Bay rupture

Hosgri = SL Splay Rupture (M=7.4)

Los Osos - SLB Splay Rupture (M=7.4)

04 I I I I
-30 -20 -10 0 10

* 32 randomized realizations of each scenario computed



SWUS SSHAC Simulations

SPLAY FAULT SCENARIOS:
HOSGRI + SHORELINE

SSC: Slip rate on Shoreline is
10% of slip rate on Hosgri for
moment balancing

Lengths
— Hosgri = varies
— Shoreline = 25.6 km

Dip =90

Rake = 180 (RL-SS)

HS_NWwW
end

SPS_NW
end

SPS_SE
end




Splay 1: Hosgri — Shoreline
Method for Determining Scenario Properties
Hosgri (Primary Segment)

Define Hosgri Mw

Mw->A, W, L
(Leonard 2010)

Fix SE end at SSC-specified
location

Run Simulation




Splay 1: Hosgri — Shoreline
Method for Determining Scenario Properties
Shoreline (Secondary Segment)

Compute avg slip
from Hosgri sims

Scale Hosgri slip by 30%, use this slip
for Shoreline (secondary)

Slip=> L-> W-> A-> Mw
(Leonard 2010)

Fix NW end at
Hosgri intersection
Run Simulation




This presentation will focus on the
Hosgri Mw=7.4, Shoreline Mw=6.43 case

Splay 1: Hosgri - Shoreline

HS_NW
end

Hosgri

Segment Rrup Rjb Rx > Shoreline
Hosgri 5.1 5.1 5.1 SPS_SE
end
SL 0.66 0.66 0.66
Segment Mw Strike Rake Dip Ztor L w
Hosgri 7.4 334.2 180 90 0 114.18 | 22.0
SL 6.43 305.7 180 90 0 22.44 | 11.93




Splay 1: Hosgri — Shoreline

Example Waveforms - (GP Method, Realization 18)

Vel (cm/s)

Vel (cm/s)

EW component - Hosgri Segment

50 a
O v WMW**W%WW
-50 B | | | | | \ I | | ]
0 5 10 15 20 25 30 35 40 45 50
EW component - Shoreline Segment
| | | | | | I
01" [Time Lag = 9.4856 sec| P | f 7
0 5 10 15 20 25 30 35 40 45 50
EW component - Combined
50 B T T T T
0
-850 | |
0 5 10

time (s)



Splay 1: Hosgri — Shoreline

Example Waveforms - (SDSU Method, Realization 18)

EW component - Hosgri Segment

Vel (cm/s)

Vel (cm/s)
(@]
éh




Splay 1: Hosgri — Shoreline

Example Waveforms - (ExSim Method, Realization 18)

EW component - Hosgri Segment

n
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Splay 1: Hosgri - Shoreline

Results - GP

Splay1302 (GP): 32 Realizations at DCPP

Splay1302 (GP): 32 Realiz - Splay Combined and Single Segments

=]

—_
o

—
oI

Avg RotD50 (g)

Combined | , ‘\ 3
|| mm—— SegA; Hosgri- \‘ Mean +/- 15
""" Seg B: Shoreline = 5 R 90% Conf. Interval

10" 10 10 10? 10" 10°
Period (s) Period (s)

10

Segment A: Hosgri Mw=7.4, R=5.1
Segment B: Shoreline Mw=6.43, R=0.66



RotD50 (g)

Splay 1: Hosgri - Shoreline

Results - SDSU

Splay2302 (SDSU): Splay Combined and Single Segments

Combined b _— N

|| mmm——— Seg A: Hosgri ‘\
------ Seg B: Shoreline = | B
10-2-2 : ‘ ‘.;;“\_1 ; ‘ ‘..H\O i i i;‘uii“l

Period (s)

Segment A: Hosgri
Segment B: Shoreline

Splay2302 (SDSU): 32 Realizations at DCPP

Period (s)

Mw=7.4, R=5.1
Mw=6.43, R=0.66



Splay 1: Hosgri - Shoreline

Results - ExSim

Splay3302 (ExSim): Splay Combined and Single Segments

Combined A
------ Seg A: Hosgri SR VO U0 0O W20 DUOOOE SOE WO “‘ ]
------ Seg B: Shoreline N
10_2 7 P i ; L ; [ M
10 10" 10° 10’

Period (s)

Segment A: Hosgri
Segment B: Shoreline

Splay3302 (ExSim): 32 Realizations at DCPP

10
Period (s)

Mw=7.4, R=5.1
Mw=6.43, R=0.66



Hosgri = SL Splay Rupture (M=7.4)

50

401

301

20

107

£ o
4
_10,
_20,
_30,
_40,
— 04 | | | I
=30 -20 -10 0 10
km
Rrup Rjb Rx width,
(km) (km) (km) Mag dip rake (km)
Hosgri M1 5.10 5.10 5.10 7.40 90 180 22.00
Shoreline M1 0.66 0.66 0.66 6.43 90 180 11.93
Splay M2 0.66 0.66 0.66 7.44 90 180 20.35
Splay M3 0.66 0.66 0.66 7.44 90 180 13.06
Splay M4 0.66 0.66 0.66 7.44 90 180 11.93




SA (g)

SA(9)

Simulations Compared with Method 1 Spectral Accelerations

10

| —— Akkar13
| ——Bindi"11

Simulations Compared with Method 2 Spectral Accelerations

107 |-
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******************************** | s SDSU | == SDSU
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10°
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Freq (Hz)



RESULTS FOR METHOD 5: SIMULATIONS

Rrup Rjb Rx DDwidth
NUMERATOR (km) (km) (km) Mag dip rake (km)
Hosgri M5 5.10 5.10 5.10 7.40 90 180 22.00
Shoreline M5 0.66 0.66 0.66 6.43 90 180 11.93
Rrup Rjb Rx DDwidth
DENOMINATOR| (km) (km) (km) Mag dip rake (km)
Hosgri 5.10 5.10 5.10 7.40 90 180 22.00

SA (9)

Simulations Compared with Method 1 Spectral Accelerations

10

SA (9)

10

,,,,,,, | —— Akkar'13
| ——Bindi’11
| m—GP
P | m—SDSU

: | == EXSIM

[ | ——Zhao'06

10° 10 10 10
Freq (Hz)

Simulations

(Splay Rupture / Primary Segment)

SA (In units)




SA(9)

Rrup Rjb Rx widthy
NUMERATOR (km) (km) (km) Mag dip rake (km)
Hosgri M1 5.10 5.10 5.10 7.40 90 180 22.00
Shoreline M1 0.66 0.66 0.66 6.43 90 180 11.93
Rrup Rjb Rx widthy,
DENOMINATOR| (km) (km) (km) Mag dip rake (km)
Hosgri 5.10 5.10 5.10 7.40 90 180 22.00

Zhao’06 |

10° 10°
Freq (Hz)

» : Akkar'13 |

10° 10°
Freq (Hz)

oKz

© | ——Bindi"11|

10° 10
Freq (Hz)

SA (9)

(Splay Rupture/Primary Segment)

SA (In units)

RESULTS FOR METHOD 1: SRSS SINGLE SEGMENT SPECTRA

Method 1 Spectral Accelerations

100 o

10

[—ASK13

| ——Idriss’13
| ——Zhao'06

| — Bindi"11

GK'13

Akkar’'13

10°

Freq (Hz)

10

== EXSIM

Freq (Hz)

10



RESULTS FOR METHOD 2: AVG. PARAMETERS (AREA)

Method 2 Spectral Accelerations

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km) 10° b
Splay M2 0.66 0.66 0.66 7.44 90 180 20.35
Rrup Rjb Rx widthy, = | S
DENOMINATOR| (km) (km) (km) Mag dip rake (km) = | Ly Co 1
Hosgri 510 | 510 | 510 [ 7.40 90 180 | 22.00 e [—aAsK13
10 g ] ——BSSA"13]]
S | ——CB'13
""" B ]——cCY13
N/ | =——Idriss’13
/il ST N S ; GK'13
Lo Lo | =™ Zhao’06
"""" Akkar'13
R R | —— Bindi'11
107 10° 10' 10°
Freq (Hz)

(Splay Rupture/Primary Segment)
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RESULTS FOR METHOD 3: AVG. PARAMETERS (1/R?)

Rrup Rjb Rx widthy
NUMERATOR (km) (km) (km) Mag dip rake (km)
Splay M3 0.66 0.66 0.66 7.44 90 180 13.06
Rrup Rjb Rx widthy,
DENOMINATOR| (km) (km) (km) Mag dip rake (km)
Hosgri 5.10 5.10 5.10 7.40 90 180 22.00

Freq (Hz)

Akkar'13 |

10°

10

Freq (Hz)

SA (9)

(Splay Rupture/Primary Segment)

SA (In units)
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RESULTS FOR METHOD 4: CLOSEST SEGMENT PARAMETERS

Method 4 Spectral Accelerations

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km) 10° Lo
Splay M4 0.66 0.66 0.66 7.44 90 180 11.93
Rrup Rjb Rx width = | S
DENOMINATOR| (km) (km) (km) Mag dip rake (km) < | S P :
Hosgri 5.10 5.10 5.10 7.40 90 180 | 22.00 e [—ASK13
10 [ [ =——BSSA’13]
S | ——CB'13
""" N ]——cCY13
N/ | =——Idriss’13
/AR AR R S SRR NS SO ] GK’13
Lo P | ——Zhao’06
"""" Akkar'13
R R | —— Bindi"11
10™" 10° 10’ 10°
Freq (Hz)

(Splay Rupture/Primary Segment)

SA (In units)
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Simulations
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SWUS SSHAC Simulations

SPLAY FAULT SCENARIOS:

LS_NW

LOS OSOS + SAN LUIS BAY S

SSC: Slip rate on San Luis Bay is Los Osos

10% of slip rate on Los Osos for
moment balancing

Hypocenters at base
Lengths

— Los Osos (LS) = varies
— San Luis Bay 1 (BS1) = 14.4 km

Dip of Los Osos = 50 SW

Dip of San Luis Bay = 70 NE
Rake (bOth faU|tS) =90 (REV) Cross-section A-A:

Depth to top: 0 km
=== Primary rupture
(Los Osos)
Secondary rupture

(San Luis Bay)




Splay 2: Los Osos — San Luis Bay

Method for Determining Scenario Properties
Los Osos (Primary Segment)

Define Los Osos Mw

Mw->A, W, L
(Leonard 2010)

Fix SE end at SSC-specified
location

Run Simulation




Splay 2: Los Osos — San Luis Bay

Method for Determining Scenario Properties
SLB (Secondary Segment)

W=12.7 km fixed from SSC
recommendations

W= L-> A Mw
(Leonard 2010)

Fix SE end at SSC-
specified location

Run Simulation




Splay 2: Los Osos — San Luis Bay

Summary of Scenario Properties

e SLB using fixed SSC defined W=12.7 km
— Leonard (2010): Mw=6.39, L=19.55 km

* LO (primary) using Mw=7.0,7.2,7.4
— Leonard gives: W=22, 26.6, 32 km respectively
— SLB slip is 50% , 40%, 32% of LO slip, respectively
— LO extends beyond depth of SLB
So instead of this: We have this:

v v

VAV




Splay 2: Los Osos — San Luis Bay

This presentation will focus on the
Los Osos Mw=7.4,

LS_NW
end

Los Osos
Shoreline Mw=6.39 case -
LS_SE
end
BS1_NW
Segment Rrup Rjb Rx .
San Luis Bay &,
Los Osos 8.57 0.00 9.90 BS1 SE
end
SLB 1.00 0.00 1.07
Segment Mw Strike Rake Dip Ztor L W
Los Osos 7.4 115.4 90 60 0 78.19 32.0
SLB 6.39 295.4 90 70 0 19.55 12.7




Splay 2: Los Osos — San Luis Bay

Example Waveforms - (GP Method, Realization 06)

NS component - Los Osos Segment
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Splay 2: Los Osos — San Luis Bay

Example Waveforms - (SDSU Method, Realization 06)

NS component - Los Osos Segment
] I | I |

50 , ; |

Vel (cm/s)
o

501 n
| | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50
NS component - SLB Segment
| | | | |
50l Time Lag = 16.7497 sec
@
§ o
o
~ 501
| | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

Vel (cm/s)
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Splay 2: Los Osos — San Luis Bay

Example Waveforms - (ExSim Method, Realization 06)

NS component - Los Osos Segment

50F ! » | ] \ I _ =
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S s
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>
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NS component - SLB Segment
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S
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©
>
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NS component - Combined
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Splay 2: Los Osos — San Luis Bay

Results - GP

Splay1305 (GP): 32 Realiz - Splay Combined and Single Segments Splay1305 (GP): 32 Realizations at DCPP
10°
G |
Q ;
Ty :
D H
E :
-1 :
< |
Combined | ... ! ..... ................ ............. \ )
|| mmm——— Seg A Los Osos |- _________ E \:_‘..._ I Mean +- 16 = |
LT Seg B: SLB BRI - N , 90% Conf. Interval| =
10 ; i T | i ; | i i R Y 10' ; ; | ; HE ) I
10” 10" 10° 10’ 107 10" 10° 10'
Period (s) Period (s)

Segment A: Los Osos Mw=7.4, Rx=9.9
Segment B: SLB Mw=6.39, Rx=1.07



Splay2305 (SDSU): 32 Realiz - Splay Combin

—_
o

Avg RotD50 (g)
o

10

Splay 2: Los Osos — San Luis Bay

Results - SDSU

ed and Single Segments

Segment A: Los Osos
Segment B: SLB

y
Combined )
------ Seg A: Los Osos LR
o B Seg B: SLB B N
10 10" 10° 10

Splay2305 (SDSU): 32 Realizations at DCPP

10

1

Mw=7.4, Rx=9.9
Mw=6.39, Rx=1.07

Period (s)

10



Avg RotD50 (g)

Splay 2: Los Osos — San Luis Bay

Results - ExSim

Splay3305 (ExSim): 32 Realiz - Splay Combi

ned and Single Segments

Combined

------ Seg A Los OSOS |-ioviiidiibiii 8 W
L L Seg B: SLB
10 — -
10 10 10 10

Segment A: Los Osos
Segment B: SLB

Splay3305 (ExSim): 32 Realizations at DCPP

10 N S S S R S S O

10° 10" 10

Period (s)

Mw=7.4, Rx=9.9
Mw=6.39, Rx=1.07



Los Osos — SLB Splay Rupture (M=7.4)

km

Rrup Rjb Rx width,
(km) (km) (km) Mag dip rake (km)
Los Osos M1 8.57 0.0 9.90 7.40 60.0 90 32.0
San Luis Bay M1 1.00 0.0 1.07 6.40 70.0 90 12.7
Splay M2 1.00 0.0 1.07 7.44 62.00 90 28.14
Splay M3 1.00 0.0 1.07 7.44 69.20 90 14.24
Splay M4 1.00 0.0 1.07 7.44 70.0 90 12.7




Simulations Compared with Method 1 Spectral Accelerations

Simulations Compared with Method 2 Spectral Accelerations

T

SA (9)

T

Freq (Hz)

Simulations Compared with Method 3 Spectral Accelerations

Freq (Hz)

Simulations Compared with Method 4 Spectral Accelerations

T

100}

SA (9)

T T

SA (9)

T

10° 10

1

Freq (Hz)

10 10™ 10

LOS OSOS + SAN LUIS BAY (M7.4)

0

Freq (Hz)

10



RESULTS FOR METHOD 5: SIMULATIONS

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km)
Los Osos M5 8.57 0.0 9.90 7.40 60 90 32.00
San Luis Bay M5 1.00 0.0 1.07 6.40 70 90 12.70
Rrup Rjb Rx width,,
DENOMINATOR| (km) (km) (km) Mag dip rake (km)
Los Osos 8.57 0.0 9.90 7.40 60 90 32.00

SA (9)

SA(9)

(Splay Rupture / Primary Segment)

SA (In units)

Simulations Compared with Method 1 Spectral Accelerations

Freq (Hz)

Simulations

Freq (Hz)



SA(9)

SA(9)

RESULTS FOR METHOD 1: SRSS SINGLE SEGMENT SPECTRA

Method 1 Spectral Accelerations

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km)
Los Osos M1 8.57 0.0 9.90 7.40 60 90 32.00
San Luis Bay M1 1.00 0.0 1.07 6.40 70 90 12.70
Rrup Rjb Rx width,, C
DENOMINATOR| (km) (km) (km) Mag dip rake (km) &
Los Osos 8.57 0.0 9.90 7.40 60 90 32.00

e Freq (Hz)

Lo [ =

10° 10°
P Y P Y A T
101 i i 101 : 3
: o o]
Y/ ESSES HSIONIRIetoton I SSESSEORS IOETOItortotoee EENNENNN 1Y SSOSOOEO OO IOIO IO T
L —cvy1s YA N GK'13 L
10 ) , 10 ) , 107 ) 2
10 10 10 10 10 10

Freq (Hz) Freq (Hz) Freq (Hz)




SA(9)

SA(9)

RESULTS FOR METHOD 2: AVG. PARAMETERS (AREA)

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km)
Splay M2 1.00 0.0 1.07 7.44 62.0 90 28.14
Rrup Rjb Rx width,, Gl
DENOMINATOR| (km) (km) (km) Mag dip rake (km) &
Los Osos 8.57 0.0 9.90 7.40 60 90 32.00

10

""" BSSA’'13

10° 10°
P Y S _ |
101 : = 101 : : = : 0
: o o : 0
L |——cY13 L ' Akkar13 L . GK'13 L
N T L N
10 5 , 10 5 , 10 5 5
10 10 10 10 10 10

Freq (Hz) Freq (Hz) Freq (Hz)




SA (9)

SA(9)

RESULTS FOR METHOD 3: AVG. PARAMETERS (1/R?)

Rrup Rjb Rx width,
NUMERATOR (km) (km) (km) Mag dip rake (km)
Splay M3 1.00 0.0 1.07 7.44 69.2 90 14.24
Rrup Rjb Rx width,, Gl
DENOMINATOR| (km) (km) (km) Mag dip rake (km) x
Los Osos 8.57 0.0 9.90 7.40 60 90 32.0

L BSSA'13

10 10 :
10° 10° 10° 10° 10° 10°
10° 10°
Y A _ gl
10} . 10" : s
: = = : a
S . ‘ VA ’I‘
L |—cvy1s 2 g GK'13 ¥
10 — , 10 = , 107! L ,
10 10 10 10 10 10

Freq (Hz) Freq (Hz) Freq (Hz)




SA (9)

SA (9)

RESULTS FOR METHOD 4: CLOSEST SEGMENT PARAMETERS

Rrup Rjb Rx
NUMERATOR (km) (km) (km) Mag
Splay M4 1.00 0.0 1.07 7.44
Rrup Rjb Rx
DENOMINATOR| (km) (km) (km) Mag
Los Osos 8.57 0.0 9.90 7.40

I BSSA13

(zH) baug

L 1/ CY'13 L Akkar'13
10° 10 10° 10° 10
Freq (Hz) Freq (Hz) Freq (Hz)




(zH) baug
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Simulations
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0.6

0.4
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Dynamic Rupture Modeling Informed Scenarios

LINKING ASSUMPTIONS:
HOSGRI + SHORELINE

Segmentation Pt.

~ HS_NW 0 TR > = -
-~ end 3 02 0 \ ’

s Gy : :

a N o R - .

c . - . -2

Q . 5

(a]

l .
0 10 20 30 40 50 60
Along Strike (km)

0 120 240 360 430
Slip (cm)

Shoreline e

T
0 125 50 375 500 0 105 210 315 420
Slip {cm) Slip (cm)



Dynamic Rupture Modeling Informed Scenarios

LINKING ASSUMPTIONS:
LOS OSOS + SAN LUIS BAY SPLAY

-  LO (primary) hypocenters are
at bottom of LO fault plane,
Los Osos but vary along strike

{s

ss | ¢ SLB(secondary) hypocenters
are at bottom of SLB fault
gg_/vw

plane, matching position of
San me\m 3 LO hypo along strike, or at
NW end if LO hypo is outside

range




Dynamic Rupture Modeling Informed Scenarios

LINKING ASSUMPTIONS: S .L .
LOS OSOS + SAN LUIS BAY SPLAY -« . ;
' 1. ©
* ® &
Los Osos — SLB Splay Rupture (M=7.4) 25+ S —
€ o/ &
. : =
*e 5
20~ o8 <
€ 2 &
¢ S
. c‘ s o4
15+~ € :.
€ :
10 .« 3 .
5F —
® . = 5;
: .-
ol : : r - ! i




Dynamic Rupture Modeling Informed Scenarios

LINKING ASSUMPTIONS:
HOSGRI + SHORELINE COMPLEX

HS_NW e Random hypocenter

end

generated on Hosgri and
rupture propagates along
length of the Hosgri fault.

* As rupture passes the
intersection with the
Shoreline, a rupture is
triggered on the Shoreline at

Shordline™~_ -5 the intersection point.

Hypocenter is located at
widthyp/2




Dynamic Rupture Modeling Informed Scenarios

OTHER ASSUMPTIONS:
A  Hypocenter of Splay is always
\ triggered at intersection
point.

* Triggering is always at the
time the Primary fault
rupture passes the
intersection point.

* There is always full rupture of
the splay.




Dynamic Rupture Modeling Informed Scenarios

QUESTIONS DYNAMIC MODELING MAY HELP TO ANSWER:

* When should we trigger a second rupture vs. let a mature rupture
plane pass onto a secondary fault?

e Should secondary ruptures always trigger at the intersection point?
Should we consider a delayed trigger? What is the longest delay that
should be considered?

* Inthe case of splay ruptures, how far down the splay will the rupture
propagate before it dies out?

 How likely are the proposed scenarios? Is it possible that dynamic
modeling just cannot make some of them occur?

e What have we failed to consider?



Thanks to the following individuals for help
running simulations and designing scenarios:

Jeff Bayless (URS), Jennifer Donahue
(GeoSyntech), Fabio Silva (SCEC), Doug Dreger (UC
Berkeley), and Norm Abrahamson (PG&E)

And a special thanks to Jeff Bayless who contributed a number
of figures and slides for this presentation.



