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Objectives
L

e Review PFDHA methodology

e Compare fault displacement data

« Compare fault displacement hazard curves for
different mechanisms

 Quantify mapping inaccuracy and natural variability
In location of surface rupture from future earthquakes

o Show examples of PFDHA maps
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Introduction: Fault rupture methods, data, & Applications

» Methods for fault displacement hazard and applications
— Normal Faults: Youngs et al. (2003 Earthquake Spectra)
— Strike-slip Faults: Petersen et al. (2011 BSSA)
— Reverse Faults: Moss and Ross (2011 BSSA)
— Extensional ground cracking: Thio

— Others? (Hecker et al., 2013; Wells and Kulkarni, 2015;
Thompson, 2016; etc.)

 Mapping Examples
— Strike-slip fault: Chen and Petersen (2011 Earthquake Spectra)

 U.S. Standards for Nuclear Facilities — ANSI/ANS-2.30-2015 (Wong et
al., 2015)

* |AEA and Japanese Method and Data (Takao et al., 2013)
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Uncertainty in future surface rupture locations
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Epistemic uncertainty: associated with inaccuracy of mapped fault traces
Aleatory variability: randomness as where future surface would occur
Previously unmapped fault traces
Regressions depend on:

— Accuracy of mapped fault trace

— Complexity of fault geometry
»  Fault specific application using detailed fault trace (geologic assessment)

V YV V

Fault Displacement Hazards Analysis Workshop, 8-9" December 2016, Menlo Park, CA



Normal faulting data compared to Strike-slip regressions

Comparison with Normal Faulting Data
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FIGURE 1. Comparison of normal (green circles) and strike-slip (blue circles) D/D,,. data for global normal faulting earthquakes. Normal fault displacement
regressions are shown with blue lines and strike-slip with red lines (5%, 15t, 50t, 85!, and 95t percentiles from bottom to top) is from [2]. Normal faulting

data are from [1].
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Reverse faulting data compared to strike-slip regressions
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FIGURE 2. Comparison of reverse (green circles) and strike-slip (blue circles) D/D,,, data for global earthquakes.
Strike-slip fault regressions are shown with red lines [2]. Reverse faulting data are from [3].
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Japan faulting data and piecewise linear regression
equations compared to strike-slip data and regressions
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FIGURE 3. Comparison of Japanese all faulting type data (green diamonds) and strike-slip (blue circles)

D/D,,, data for global earthquakes. Japanese data regressions are shown with blue lines (51, 15t, 50, 85t, and 95t percentiles
from bottom to top) and strike-slip [2] with red lines. Japan data are from [4].
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M 7, slip rate 10 mm/yr, recurrence ~ 160 years
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FIGURE 4. Hazard curves for M 7 displacements for M 7 earthquake on a very active fault with recurrence of about 160 years.
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M 7, slip rate 2 mm/yr, recurrence ~ 800 years
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Petersen et al. Fault rupture hazard model

S
Distributed Rupture Displacements
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Presenter
Presentation Notes
We also studied secondary distributed ruptures that might be interested in small displacements. These ruptures are typically less than 1 m displacement. We also noticed that some of these distant ruptures were triggered. (Especially the Izmit rupture)


Quantifying Total Location Uncertainty

e Total uncertainty is mostly
from mapping inaccuracy
(epistemic)

e Fault map used in PFDHA

— AP fault traces in CA

e Traces of actual surface
ruptures
— Historical surface rupturing

earthquakes (Petersen et al.,
2011 BSSA)

- Imagery-based
interpretation, e.g. High
resolution LiDAR DEM and oot S o7 _ : s
MASTER (this study) e 2 196 ego Mountain,

>~ £ "4 1979 M6.5 El Centro,
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Comparison of fault traces for total uncertainty
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Summary Statistics of Total Location Uncertainty

Type _(I)_g\gspped Mean (m) ¢ (m) Cov
Accurate 17.7 (18.5) 13.9 (19.5) 0.8 (1.1)
Approximate 25.8 (25.2) 25.0 (35.9) 1.0 (1.4)
Concealed 33.9 (39.4) 27.3 (52.4) 0.8 (1.3)
Inferred 29.8 (45.1) 33.9 (57.0) 1.1 (1.3)
All 21.6 (30.6) 20.5 (43.1) 0.9 (1.4)
Unmapped 190.4 221.8 1.2

Data in parentheses are from Petersen et al. (2011, BSSA) based on historical surface ruptures
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Aleatory Variability of Surface Rupture

El Paso Peaks, Garlock Fault

Trench 2, west wall (flipped)

- Event W buttressing units

- Event Q buttressing units
2 |:| Ewvent U buttressing units - Event K buttressing units

- Ewvent /R buttressing units - Event F buttressing units

Fault Displacement Hazards Analysis Workshop, 8-9" December 2016, Menlo Park, CA



Data for Quantifying Aleatory Location Variability

e Available Data (163 trenches)

— Trenches for paleoseismic research

— Trenches for development investigations to comply with AP Act
e Compilation of paleoseismic data

— Attributes: Fault Name, Site Name, Site Latitude, Site Longitude,

Mapped Trace Category (from the AP Zone map), Trench
Number, and Comments

— Data fields: trench length, maximum width of faulting, event,
event zone width, and MRE trace to event distance

e Need more data
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Summary Statistics of Location Variability Data

Representation Mean (m) 6 (M) Ccov DN:tr;ka):notfs
Upper Bound 17.4 32.3 1.85 125

Rough Estimate 10.0 10.1 1.01 52

Event zone width 2.8 2.6 0.93 49

e Upper bound: inferred from zone half width from trenches with one identified event

e Rough Estimate: inferred by combining three data fields from trenches with more
than one identified event (zone half width, distance from MRE to prior event, trench
length divided by number of events)

e Mean of epistemic uncertainty for accurately mapped traces falls between the
upper bound and rough estimate from trench data

Fault Displacement Hazards Analysis Workshop, 8-9" December 2016, Menlo Park, CA



Example Mapping Application — ShakeOut Scenario
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Example of mapping fault zones: partitioned slip

ShakeOut Scenario
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Conclusions

Improvements needed:

How do we account for hazards from low slip rate faults or from
multi-stranded faults?

Need to look at global paleoseismic data and more LIDAR data
(especially for site specific)

More data are need, can dynamic rupture simulation provides useful
data?

How do we define aleatory variability in rupture location so that we
can treat two kinds of uncertainties separately?

How do we treat those previously unmapped faults (site specific
studies)?

Are displacement maps useful, why?
How do we account for triggered earthquakes
Simulate uplift for fault rupture and displacement hazard (Thio)
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