




































































SAR Immagery

As part of the PG&E/USGS CRADA, the USGS is also using satellite Synthetic Aperture
Radar (SAR) imagery collected between 1992 and 2007 to characterize the spatial extent
and temporal variability of surface deformation. An example of SAR imagery is shown in
Figure 2. While the SAR data does not have the accuracy of GPS, it provides
observations over a large region. The SAR data can be used together with the GPS data
to constrain the spatial extrapolation of the GPS point measurements.

In addition to complimenting the point GPS measurements, these data will also be used to
guide the deployment of new GPS stations to minimize the deformational influence of
ground water pumping and hydrocarbon production. The initial area of emphasis for this
analysis is the San Simeon- Irish Hills region and will systematically expand to cover the
entire central coast region during the next 2 years

Aero-Magnetic Surveys

The USGS previously collected high resolution areo-magnetic data along the San
Andreas fault, but not along the central coastal California region. As part of the
PG&E/USGS CRADA, high resolution aero-magnetic data were collected by the U S
Geologic Survey along the central California coast in the summer of 2008. Figure 2
shows the area for which the high-resolution areo-magnetic data were collected. This
data fills in the missing gaps in the areo-magnetic data and provide an improved
framework for the identification and interpretation of subsurface geologic structures.
Plans for data reduction and analysis are presently scheduled during the 2009.

Bathematric and Marine Magnetic Surveys

The USGS is currently collecting high-resolution bathemetric data only the California
Coast, out to a distance of 3 miles. As part of the CRADA, the study area was extended
further off-shore in the central coastal region to capture the Hosgri fault (Figure). The
scope of the study was also expanded to include the collection of marine magnetic data in
the central coastal region. The new bathmetric and marine magnetic data were collected
by the USG in the summer of 2008. The data reduction will be completed in 2009.

These data will help to constrain the locations of off-shore faults and will be incorporated
into the new tectonic model.

Seismic Reflection Studies
As part of the CRADA, the USGS is reprocessing seismic line J-6 (Figure 5). This
reprocessed data will be used to help constrain the 3-D tectonic model.

Geologic Studies

As part of the CRADA, the USGS is compiling the current geologic information for the
central coastal California region. To date, no field studies have been conducted as part of
the PG&E/USGS CRADA. Starting in 2009, there are plans to develop improved
mapping of the marine terraces with the objective of using the warping of the terraces to
constrain thrust faulting in the region. The warping of the marine terraces is considered
one of the most promising constraints for testing the thin-skin and thick-skin models.




Balanced Cross-Sections

The primary tool used for developing the thin-skin tectonic model has been balanced
cross-sections. Current research is addressing the uncertainties in balanced cross-sections
(Conners, 2008). PG&E is supporting work to develop uncertainty estimates for
balanced cross-sections that can be applied to the central coastal region. This work is
planned to be implemented in 20095.

Seismic Networks

PG&E continues to operate a seismic network in the central coast region that was first
installed in 1986. The network is currently being upgraded from short period
seismometers to broadband seismometers. Figure 5 shows the configuration of the
network. Six broadband stations have been installed so far with 14 additional broadband
stations to be installed in the coming years. The data from this network are provided to
the USGS and are used by the USGS for locating earthquakes in the region. The data
from this network leads to more accurate locations and focal mechanisms, particularly

along the Hosgri fault, which are important for constraining the tectonic model for the
region

The data from this network were recently used to study the San Simeon earthquake and
area summarized in a paper by McLaren et al (2008). This network data is being used to
develop improved 3-D velocity models for the central coast region and to develop an
updated earthquake catalog for the central coast region.

Updated Tectonic Model for Central Coastal California

Using the newly collected geophysical data, geological data, earthquake locations, and
other available data for the region, the USGS will develop an updated tectonic mode! for
the central coastal region. Both the thick skin and thin skin models will be evaluated and
a set of alternative credible models will be selected that will then be used in the hazard
analysis. This work is scheduled to be completed in 2010.

Empirical Ground Motion Studies

PG&E is one of the sponsoring organizations for the Pacific Earthquake Engineering
Research (PEER) Center’s Next Generation Attenuation (NGA) project. This project
began in 2002 to take advantage of the large increase in the number of strong motion
recordings close to large earthquakes (Figure 7). New empirical ground motion models
for the horizontal component response spectral values and new models for directivity
effects developed in the NGA project were published in Earthquake Spectra in 2008. The
key changes from previous ground motion models are (1) smaller median ground motions
for large strike-slip earthquakes, (2) larger median ground motions for sites over the
hanging wall of buried thrust earthquakes, and (3) increased standard deviation of high
frequency ground motions for large magnitude earthquakes.

The ongoing NGA work at PEER is focused on developing empirical ground motion
models for vertical component, fault normal and fault parallel scale factors, and fling
effects. The ongoing work is scheduled to be completed by December 2009.



Numerical Simulation Ground Motion Studies

PG&E is supporting the development of improved numerical simulations of ground
motion at the USGS and at SCEC. SCEC is being supported to develop a standard
numerical simulation platform for conducting finite-fault simulations. This platform is
based on the kinematic approach, shown schematically in Figure 8. The key issue for use
of kinematic models is the specification of the inputs (the timing, amount and direction of
slip) at each of the grid points on the fault as shown in Figure 8. Previous studies have
used marginal distributions for the inputs without regard to their correlation, often
resulting in unrealistic simulated ground motions. Through the PG&E/DOE cooperative
agreement, numerical simulation methods based on dynamic rupture models are being
developed through SCEC and the USGS. The dynamic rupture models are based on
simple physical models of the rupture process and incorporate the correlations of the
source parameters. These models are used to constrain the kinematic model inputs. The
standard kinematic platform is scheduled to be completed in 2009.

Once the platform is completed and the constraints on the input source parameters are
developed, suites of numerically simulated ground motions will be generated for DCPP.
The resulting ground motions based on the improved numerical simulation methods will
supplement the empirical models developed as part of the NGA project. The site-specific
numerical simulations for DCPP will be completed in 2010.

Soil/Structure Interaction Research

PG&E is conducting a study on spatial coherency of ground motion over short distances
that is used as part of the input to soil/structure interaction analyses for DCPP structures.
This was originally called the “newmark tau-effect” during the licensing of DCPP. It was
used to estimate the reduction in the motion of a large foundation as compared to free-
field ground motions from the attenuation relations. New empirical data from dense
arrays as well as numerical simulations of scattering in 2-D and 3-D structures are being
used to develop the new coherency models. This will be an update to the recently
developed EPRI (2005) models which was based on a very limited empirical data set.
This work is scheduled to be completed by December 2009.

Tsunami Hazard Update

PG&E is currently completing a report for an updated tsunami hazard at DCPP. PG&E
conducted a probabilistic tsunami hazard analysis for DCPP including tsunamis triggered
by local and distant earthquakes, as well as local submarine landslides. Numerical
simulations of the tsunami run-up from all relevant sources were computed for the DCPP
intake and discharge structures. Wave heights from both tsunami and storms were
considered in the hazard analysis. Full probabilistic models including both the aleatory
variability and the epistemic uncertainty were included. The results of this study found
that the hazard from tsunami is dominated by the distant earthquakes and that the
frequency of submarine landslides were very low so that they did not contribute
significantly to the hazard. For DCPP, the hazard from storms without tsunamis is by far
the dominant source for large waves. The report for this study is scheduled to be
completed by December 2008.




GPS coverage in central California
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Figure 1. Previous GPS sites (dots) and the planned GSP surveys (lines). The numbers
next to the lines indicate the priority of the lines.
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Figure 2. SAR imagery coverage the is currently available.



Modern high-resolution aeromagnetic data
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Figure 3. High resolution areo-magnetic data previously collected by the USGS.
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Figure 4. The region for collection of new high-resolution bathemetric data and marine
magnetic data is shown by the hatched zone. The light blue band is the 3-mile region that
the USGS is addressing as part of other studies. The black box shows the extent of the
new areo-magnetic data (see Figure 3).
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Figure 5. Seismic reflection line J
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Figure 6. Configuration of the PG&E DCPP seismic network. The stations that have
been upgraded to broadband sensors are shown by the green circles.
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Figure 7. Comparison of the strong motion data that were available during the LTSP and

the data used during the NGA project. The LTSP earthquake (M7.2, distance of 4.5 km)
is shown by the black x.
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Figure 8. General approach to numerical simulations of strong ground motions.



