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- Preliminary Stages of Portfolio Risk Assessment Program

- Fragility Analyses: assess the level of safety (“risk”) at various return 
periods of natural events

- Analyses currently being performed at:
- Dam 7 (concrete gravity), and
- Mammoth Pool Dam (embankment) 

This presentation deals with Mammoth Pool Dam

SCE PORTFOLIO RISK ASSESSMENT PROGRAM





MAMMOTH POOL DAM

- Constructed 1958-1959 (Karl Terzaghi and Tom Leps)
- Zoned compacted earth and rock fill embankment
- 411 feet high; 820 feet long
- 123,000 acre-feet of usable storage at El. 3,330 feet
- Crest at El. 3,361 feet (31 feet of freeboard)





ASSESS THE SCOPE OF SEISMIC ANALYSIS

What needs to be 
assessed?

Liquefaction?

Deformation?



Liquefaction Potential

- Dam is of modern compacted lift construction

- Dam founded on up to ~100 feet of alluvial soils;

- Original explorations found:
- Downstream very dense for full profile
- Upstream upper 30 feet relatively looser





TSF?





Removed 30’ Depth of Looser Alluvium

Therefore, chance of significant liquefaction appears remote;
>>>> Focus on deformation analysis



Deformation Analysis
- GeoStudio Analysis Suite – GeoSlope Intl., Calgary

- SEEP/W for seepage analysis/seepage forces
- SIGMA/W for Initial stress analysis
- QUAKE/W for Seismic Response (Equivalent Linear Model, similar to QUAD4M)
- SLOPE/W for Newmark Deformation Analysis

BENEFIT:
- CAD-like Problem Set up (Fast Problem Development)
- Integrated Models/Same FEM Mesh (Mitigates transposition errors)
- Streamline consideration of many time histories
- Newmark implementation allows consideration of many potential failure surfaces

But, how does QUAKE/W compare to other methods?

SEEP/W, SLOPE/W and SIGMA/W have been around for a long time..

- GeoSlope Intl. compared with flat ground, one dimensional conditions





Diversion Dam
Crogan, New York
Brookfield Power

Hydraulic Fill (Sand)
QUAD4M Analysis

Morgan Territory Park Record
1980 Livermore Earthquake, Scaled to 0.17g  



1980 Livermore Earthquake
Morgan Territory Park Record
Scaled to 0.17g

From Leps and Jansen Plot:

For 0.17g, Amplification = 3.4

Therefore:
Max. Envelope Crest Acceleration:

0.17g x 3.4 = 0.58g

3.4

0.17g



0.17g



QUAD4M

QUAKE/W



Time Histories: Developed by Geomatrix (Robert Youngs)

Probabilistic Seismic Hazard Assessment; Deaggregation of 1.0 Sec Hazard
(estimated 0.08 to 1.7 second period for Mammoth Pool Dam)

Four Scenarios found as major contributors for Mammoth Pool Dam Site:
Event 1 – M6.6 at 58 km
Event 2 – M7.5 at 100 km
Event 3 – M7.9 at 200 km
Event 4 – M6.2 at 7 km

3 sets of time histories for each event; each time history scaled for
return periods of 1000, 2500, 5000 and 10000 years

Time history set includes fault normal, fault parallel and vertical time histories.

- Since 2-D model, both fault normal and fault parallel analyses will be considered,
each analysis also including the vertical time history.

-Total of  78 time history analysis runs



FINITE ELEMENT MESH
- Seep/W
- Slope/W
- Quake/W
- Slope/W



SIGMA/W FEM STRESS ANALYSIS – EFFECTIVE VERTICAL STRESSES



1,000 Year Return Frequency

EVENT 1 – M 6.6 AT 58 KM
1989 LOMA PRIETA – PRESIDO STATION (M 6.9)

QUAKE/W RESULTS – PEAK ACCELERATION

2,500 Year Return Frequency



EVENT 1 – M 6.6 AT 58 KM
1989 LOMA PRIETA – PRESIDO STATION (M 6.9)

QUAKE/W RESULTS – PEAK ACCELERATION

10,000 Year Return Frequency

5,000 Year Return Frequency



QUAKE/W RESULTS



SLOPE/W DEFORMATION ANALYSIS
ALL CIRCLES ANALYZED
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Crest Response Spectrum
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Base Response Spectrum
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END
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