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SCE PORTFOLIO RISK ASSESSMENT PROGRAM

- 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



37.35000° N

37.33333° N

TOPO! map printed on 07/31/07 from "Untitled.tpo”
119,35000° W 119.33333° W 119.31667° W

= M2 —ST

i

Project
Location

37.35000% N

Ll\. \ . jkll\i’/ ot

T
:’ﬁ {{7} SN

f /]

f, /i
2

frdl

37.33333° N

RS T ar
\/. . “'/"?{ E
4 Ir ¥ z /
(=]

<8 [ B
S((([)
= i

NATIONAL 7 e o wm w Tk
GEOG RAPH Ic 1 5 [} KILOMETERS il 1

1000 0 METERS 1000 0731007




S
.

“=x

- Constructed 1958-1959 (Karl Terz 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  SE S
- Crest at El. 3,361 feet (31 feet of freeboard) o e
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RIVER SECTION ALONG AXIS OF DAM — LOOKING DCWNSTREAM

_—DOWNSTREAM RIPRAP- Pit run rock from
spillway excovation ploced so that the
finer material is covered by coarse rock
to minimum  depth of 2 ft.

—Drain holes 2 1/2"dia 50" deep were drilled at the

opproximate location shown i horizontal direction

—Spillway Waste Zone- Pit run DG and rock not
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ASSESS THE SCOPE OF SEISMIC ANALYSIS

What needs to be
assessed?

Liquefaction?

Deformation?



Liguefaction Potential

- Dam is of modern compacted lift construction
- Dam founded on up to ~100 feet of alluvial solls;
- Original explorations found:

- Downstream very dense for full profile
- Upstream upper 30 feet relatively looser
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Laboratory Pexcent
In-Place Dry Density Relative of
one klev, Dry Den. Max. Min. Density Maximum %
No. ft. pcf pcf pcf Percent Density _Sand Description Rock
1 3017.9 100.0 114.6 93.4 35 87 Coarse, clean 5
2 3019.6 109.4 117.9 101.6 52 93 Gravelly, coarse 33
3 3016.0 107.2 117.9 101,¢ 41 91 Coarse, clean 0
4 3027.8 88.3 94.0 81.0 61 94 Uniform, medium 0
5 3032,5 105.5 106.0 88.6 100 100 Coarse, clean 4
6 3028,1 101.3 103.8 88.8 87 98 Medium to coarse 5
7 3012 98.2 108.2 93.2 34 91

lote: Plate 1 foot square, 3 feet minimum distance from edge of plate to bank.
Plate set on level surface. Small load applied to seat plate.
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Therefore, chance of significant liquefaction appears remote;

>>>> Focus on deformation analysis
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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

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

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

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



Peak Acceleration
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MEASURED RATIOS (AMPLIFICATION) OF CREST AND BASE ACCELERATIONS
AT EMEANEKMENT DAMS IN RESPONSE TO ERRTHQUAKES

Amplification
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Peak Ground Acceleration, g

This graph represents measured accelerations at
embankment dams ranging widely in size, geometry, materials,
and foundation conditions.

The two plotted values for La Villita Dam for each
indicated year are based on the positive and negative amplitudes
from asymmetric accelerograms of crest motion.

The envelope is drawn as an upper limit of

amplifications, reflecting the average of La Villita peak crest

accelerations in the 1985 earthguake.

I LEPS AND JANSEN PLOT

| I FIGURE 12

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 = 0.58¢
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Amplification
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MEASURED RATIOS (AMPLIFICATION) OF CREST AND BASE ACCELERATIONS
AT EHBANEMENT DAMS IN RESPONSE TO EARTHQUAKES
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Peak Ground Acceleration, g

Hotes: This graph represents measured accelerations at
embankment dams ranging widely in size, geometry, materials,
and foundation conditions.

The two plotted values for La Villita Dam for each
indicated year are based on the positive and negative amplitudes
from asymmetric accelerograms of crest motion.

The envelope is drawn as an upper limit of
amplifications, reflecting the average of La Villita peak crest
accelerations in the 1985 earthguake.

I LEPS AND JANSEN PLOT I I FIGURE 12




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
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EVENT 1 - M 6.6 AT 58 KM
1989 LOMA PRIETA — PRESIDO STATION (M 6.9)
QUAKE/W RESULTS — PEAK ACCELERATION
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EVENT 1 - M 6.6 AT 58 KM
1989 LOMA PRIETA — PRESIDO STATION (M 6.9)
QUAKE/W RESULTS — PEAK ACCELERATION
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Amplification

MEASURED RATIOS (AMPLIFICATION) OF CREST AND BASE ACCELERATIONS
AT EHBANEMENT DAMS IN RESPONSE TO EARTHQUAKES
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Peak Ground Acceleration, g

Hotes: This graph represents measured accelerations at
embankment dams ranging widely in size, geometry, materials,
and foundation conditions.

The two plotted values for La Villita Dam for each
indicated year are based on the positive and negative amplitudes
from asymmetric accelerograms of crest motion.

The envelope is drawn as an upper limit of
amplifications, reflecting the average of La Villita peak crest
accelerations in the 1985 earthguake.
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SLOPE/W DEFORMATION ANALYSIS
ALL CIRCLES ANALYZED
All CirclesAnaIyzed‘

Mammoth Pool Dam
Seismic Stability Analysis
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Mammoth Pool Dam - Deformation Analysis
1989 Loma Prieta - San Francisco Presido - Fault Parallel + Vertical Time Histories

Downstream Slope Deformation

Upstream Slope Deformation

Number Maxdmum Description Number Maximum Description
Scaled Scaled |Peak Horz Peak Horz Number of Maximum of >2' Deformation of Number of Maximum of >2' Deformation of
Horizontal Vertical Crest* Base** Amplification Circles Maximum | Deformation Circles Slope Maximum 2' Circles Maximum |Deformation Circles Slope Maximum 2'
PGA PGA Acceleration | Acceleration Analyzed |Deformation| Location | Greater Than Penetration Penetration Analyzed |Deformation| Location | Greater Than Penetration Penetration
(g) (g) (q) [(c)] (feet) 2' Deformation (feet) (feet) 2' Deformation (feet)
0.13 0.04 0.43 0.18 2.38 810 25 Shallow 1 10 Shallow 729 26 Shallow 1 5.0 Shallow
0.17 0.06 0.41 0.26 1.59 810 3.8 Shallow 1 11 Shallow 728 32 Shallow 5 11.0 Shallow
0.21 0.07 0.37 0.33 1.12 801 9.3 Shallow 4 14 Shallow 729 52 Shallow 14 13.0 Shallow
0.26 0.09 0.49 0.44 1.10 801 7.7 Shallow 6 15 Shallow 729 128 Shallow 20 18.0 Shallow




Circle With 0.3' Deformation
Mammeoth Pool Dam
Seismic Stability Analysis

an T, Circle with 0.22' Deformation
I N e Mammoth Pool Dam
s o0 o " v H Seismic Stability Analysis
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