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e Maintained and opérated by the Caiifornia Department of
Water Resources (DWR).
 Deliveries to two-thirds of California's population

Scale 1 : 3,500,000
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A water storage and

Reservoirs
Aqueducts (canals and pipelines)
- Power plants




Mam purpose
Store and distribute water to 29 urban amkagrlcultural
water suppliers (water contractors)

| ;"‘1-:—‘{

e Northern Callfornla

Cenu:,al Coast |
e Southern Cé'll



SWP

Of the contracted water supply:

70 percent goes to urban users (about 25 million
California’s)

o 30 percent goes to agricultural users (about 750,000
acres of irrigated farmland)



SWP

The SWP is also operated to:

* Improve water quality in the Sacramento-San Joaquin
River Delta

e Control Feather River flood waters

 Provide recreation, enhance fish and wildlife



SWP

e Construction began in the late 1950’s into the 1970’s

e Subsequent facilities built in the 1980’s and 1990’s

o Additional phases continue today



SWP

Stretching from the Upper Feather River basin of
Northern California in Plumas County to Perris Reservoir
In Riverside County:

e 34 reservoirs

e 20 pumping plants

* 4 pumping-generating plants

* 5 hydroelectric power plants

701 miles of open canals, pipelines, and tunnels



Potentlally |mpact|ng the SWP:

e Surface fault rupture

e Strong ground motion

e Regional/local ground surface warping/tilting
 Liquefaction/lateral spread

e Slope instability

e Seiche

= I . 1 Hyatt Powerplant, Lake Oroville.



January 17, 1994 M6.7
Northridge earthquake



‘_ _‘ California State Water Project

and Active Faults
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Crosses about flfteen (15) Quaternary actlvé surface

faults at multiple Iocatlons




Most notably near Palmdale along the “East Branch” of
the SWP where the canal runs parallel and on-top-of the
San Andreas fault zone for about 18-kilometers.
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a Agueduct lies on the
hanging wall of the Great Valley blind thrust fault system




SWP- Facilities

Facilities have been bunt to W|thstand conS|derabIe
ground motions (dams), secondary effects
(liguefaction) were not originally specifically
designed for (leaking canals)...



SWP- Facilities and “SEERG”

To better address seismic deficiencies, identify
vulnerability, and to improve water delivery reliability,
DWR management created SEERG in 2008.




SWP-Dams, Subject to Regulations

As dam owners/operators of both power generating and

non-power generating facilities, DWR Is regulated by
DSOD and FERC.

We therefore operate in both a deterministic and
probabilistic environment.

Forces conservatism....



Seismic Assessment...

 Always based on engineer’s needs

 Dams and appurtenant structures = mostly
deterministic analysis

« Existing facilities outside of regulatory authority =
probabilistic analysis

 Newer facility design and upgrades = towards
performance based
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» Faults are colored code




| Measure several source-tu-sne dlstances (GIS or
 Google Earth) - T e Y
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Seismic Assessment Process

Directivity (waiting for PEER model)

Arias Intensity

Significant Duration

Estimate earthquake magnitude, fault slip
displacement (Wells and Coppersmith, 1994)*
e« 21 years of additional data available



Seismic Assessment Process

 Other data sources (general work)
e OpenSHA
« Real-Time Double-Difference (Hypocenter)

Locations (DD-corr) for northern California

(Website developed and maintained by Felix Waldhauser and Ben
Engebreth at LDEO, Columbia University).

« SCEC SoCal DD-corr catalog and fault
database
 Center for Engineering Strong Motion Data

(http://www.strongmotioncenter.org/)



eismic Assessment Process
~>USGS il Pl
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Seismic Assessment Process







eiIsmic Assessment Process

rs, and PGA Used in NG \

Table 1 Del Valle Dam Signiﬁcant Faults, paramete

lations.
Weighted Average of NGA Relationships.
Rupture Peak Ground Acceleration (g)
Width 595, damping}
(km)
e | sivae | saste

orale of Ea\'\’icxnz?% i .
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Rupture
Rake
(degrees]

toment
Magritude
naw)

Pleasanton-
verona-Wiliams
A
Las Positas (A) “
Great Valley
segment 7 (A}
Hayward-
Rodgers Creek
A

Slip Dip Angle
Rate (degrees)
(mmiyr) Dip Direction

Fault Namef
Activity

A=active fault, per DSOD criteria. Faulthas ruptured within last 35,000 years.
CA (not app\icab\e in this report) = conditionally active fault, per DsSOD criteria. Fault ruptured withinthe
Quaternary period, butits disp\acement history during the last 35,000 years is unknown.

1

2

3.  Topresene space, spercentile” is abbreviated as sopile” on this table.
4

5

Slip rates listed as less than 1.0 mmiyr are an approximaﬂon.
San Andreas fault parameters are based on the Peninsula and Santa Cruz Mountains strands.

Rep.ort for our engineers for
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Director’s Safety Review Board

10 -FF o V52 :\n\'_\v.o ‘\-':\R::\ea$e
OO e e qaon — 9T
‘f“\=rF\r('3<.l'_\m_\ré oA’

Criea




Suggestions to NSHMP

ISsue:

Not all Quaternary faults (surface) appear to be included
In the USGS Quaternary fault database (Grizzly Valley
fault, Plumas County). Last update of fault database
(GIS/Google Earth files) was November 3, 2010.

Suggestion:

Form workgroup (USGS, CGS, DWR, CalTrans, others...)
Maintain existing fault database, update GIS/Google
Earth files, or create new fault database that captures all
faults. Allow registered users to upload new fault
iInformation/data to supplement the existing database
search results...
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Suggestions to NSHMP

ISsue:

The USGS Quaternary fault database does not include
blind thrust faults as GIS or Google Earth files. Other
means must be used to apply estimated earthquake
source-to-site distances required in the NGA calculator.

Suggestion:

Include blind faults into the GIS/Google Earth files...
(Mt. Diablo, Great Valley Segments (1-14), Off/On shore
Santa Barbara-Ventura, Northridge, Off/On shore Los
Angeles and San Diego).
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Suggestions to NSHMP

Issue:
Information and tools for Cascadia Subduction Zone

(California). Low population, lots of infrastructure and
lifelines.

Suggestion:
Include California specific fault parameters/geometry.

Web based ground motion tools (interactive
deterministic). NGA-W2 not available for CSZ event.

Art Frankel model...? (Rui Chen, CGS)
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Introduction Cascadia Subduction Zone

Global Crustal Database
Global Crustal Model - f :

Two Contrasting Models of Lithospheric Structure
Regional Crustal Models

China The subduction of the Juan de Fuca plate beneath Nerth

America changes markedly along the length of the
subduction zone, notably in the angle of subduction British Columbia
distribution of earthquakes, volcanism, geclogic and seismic
structure of the upper plate, and regional horizontal stress.
South America To investigate these characteristics, we conducted detailed
Download Maps density modeling experiments of the crust and mantle along
two transects across the Cascadia subduction zone. One
crosses Vancouver Island and the Canadian margin, and the
other crosses the margin of central Oregon. Both density
models were constructed independently to a depth of
approximately 50 km. We gathered all possible geologic,
geophysical, and borehole data to constrain the density
calculations. The final densities for the Oregon and
Vancouver lithosphere models were obtained from gravity
inversions.

Cascadia Subduction
Zone

Indian Subcontintent

Morth America

USGS Home
Contact USGS
Search USGS

ke Hazards Program Home  AboutUs  Contact Us

Our results confirm that the downgoing slab of the Cascadia
subduction zone dips significantly steeper beneath Oregon
than beneath Vancouver Island, lending support to the idea
that the Juan de Fuca plate is segmented from north to
south. In addition, our gravity models indicate that the mantle
wedge beneath western Oregon (i.e., below the western \
Cascades) is lighter than the mantle beneath the Canadian / 1 | | - 4D
continental crust. This low density agrees with the low mantle Accrationary Crustal Quaterna Depth (km) to
complex Seismicity volcanic rocks Benioff zone
wvelocities observed in the mantle and the present day
extensional regime of the Pacific Northwest.

KES HAZARDS DATA & PRODUCTS LEARN MONITORING RESEARCH

Slab 1.0 Interactive Map

Click features on the map for individual contour details, or enter coordinates below the map to search the Slab 1.0 database for depth, dip
and strike attributes at given locations. To zoom using a rectangular extent, hold Shift and drag the arrow over the region of choice.

Mare information on Slab 1.0 Models

® ViewDepth O View Dip O View Strike
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Slab 1.0 Search




Suggestions to NSHMP

|Ssue:
CGS publishes the “Fault Activity Map of California” that

Includes pre-Quaternary faults.

Suggestion:
Update and revise the existing pre-Quaternary fault
database with best available informtion.

Create a web-based pre-Quaternary fault database,
similar to the Quaternary fault database with GIS and
Google Earth files.



Suggestions to NSHMP

ISsue:

Directivity (PEER)

Arias Intensity

Significant Duration

Estimate earthqguake magnitude, fault slip displacement
(Wells and Coppersmith, 1994)*

Suggestion:
An interactive website where the user can input their

parameters and retrieve results.




Suggestions to NSHMP
(Overview)

e Interactive probabilistic seismic hazard information is
available from the USGS National Seismic Hazard
Mapping Project (and we like it!)

e Similar interactive deterministic seismic hazard
Information and tools would be useful.




Comments from DWR Engineers
(SEERG)

Our comments/concerns are related 1O the ability of
lly available seismic hazard software to implement

We believe that not only USErsS of
se software will have

commercia
the UCERF3 model.

commercial software
the same concerns.

put users of in-hou

onse received from Risk Engineering,

The following IS the resp
ct their implementation

Inc. when weé asked them when to expe
of UCERF3 into EZFriskK...




s that the UCERF3 fault model
d in EZ-FRISK due to the nature

The short answer |
cannot be implemente







Comments from DWR
Engineers/Geo’s (SEERG)

If we will no longer be able to use EZFrisk to perform
PSHA/DSHA using the UCERF3 model then our “user
needs” for consideration by the NSHMP would be having

the abillity to:

 Perform PSHA/DSHA using UCERF3

o Select period(s) for spectral output
o Select various output (horizontal/vertical acceleration,

max rotated component of horizontal acceleration,
Arias Intensity, CAV, etc...)



Comments from DWR
Engineers/Geo’s (SEERG)

Customize UHS return period

Select (or exclude) seismic sources

Use any or all NGA-West2 GMPEs (weights)
Customize inputs to the various NGA (Vs30, Z1, Z2.5,
etc.)

nclude directivity

Deaggregate the hazard

Perform Conditional Mean Spectra







