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Objective

 To develop an understanding of the general procedure for
evaluating embankment performance during seismic loading.

Key Concepts

 Coincident seismic event and reservoir loading
* Liquefaction

« Deformation and breach

 Cracking causing erosion and breach
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 Important case histories

» Steps for risk assessment

» Seismic potential failure modes

» Loading considerations

* Likelihood of liquefaction or cyclic softening/strength loss
« Embankment deformation

* Internal erosion through cracks
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Failure due to Earthquakes

* Only

have been attributed to earthquakes.

Foster et. al (2000)

No. of cases

% failures

(where known)

Average frequency of

failure (<107%)

All Failures in All Failures in All Failures in
Mode of failure failures operation failures operation failures operation
Earthquake—liquefaction 2 2 1.6 1.7 0.18 0.18
Unknown mode 8 7
Total no. of failures 136 124 12.2 (1.2%) 11.1 (1.1%)
Total no. of failures where mode of failure known 128 117
No. of embankment dams 11192 11192

Sheffield Dam 1925

Lower Sand Fernando Dam 1971

(Photos Courtesy of National Information Service for Earthquake Engineering, University of California, Berkeley, Karl Steinbrugge Collection)
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GEER 2011 (photo: L. F. Harder)

Figure 10: View of Breach in Fujinuma Main Dam from Left Abutment Looking Upstream
(N37.3021°, E140.1952°, Apnl 23, 2011)

GEER Association Repor[ MNo. GEER-25e - Prelimil_wary

i

Black, Organic SiltiClay
Foundation Residual Soil
Developed-on Tuff Bedrock

GEER 2011 [phipto: L. F. Harder)

Figure 14: View of Fujinuma Dam Embankment Fill Layers On Top of Black Organic
Foundation Residual So1l Exposed within Downstream Slope at Left Abutment
(N37.3024°, E140.1951", April 23, 2011)

GEER Association Report No. GEER-25¢ - Preliminary

Fujinuma Dam 2011

about 1.5 percent of historical failures of embankment dams

Figure 2: Photograph of Major Shumping of Landside Slope of Naruse River Right Levee and
Approach Road at River Kilometer 30.0 (N38.5307. E 141.0064. April 20. 2011) - see Figure 8
for additional views and aerial image

Figure 27: View of Slumped Himuma River Left Levee Induced by Liquefaction
(¥36.2861, E140.5238., Apnl 24, 2011)

GEER Aszociation Report No. GEER-025b

Naruse and Hinuma Levees 2011
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General Steps for Evaluation of Seismic Risks for Embankments

« Evaluate site conditions and develop representative characterization of the
embankment and foundation materials

* Develop detailed site-specific failure modes
» Develop event trees to assess failure modes

 Establish loading conditions for earthquake ground motions and associated
magnitudes, as well the coincident reservoir level

« Perform a screening by evaluating the load combinations and site
characteristics to determine if seismic potential failure modes will be
significant risk contributors

* If seismic potential failure modes are significant risk contributors, conduct
more rigorous evaluations of liquefaction, deformation, cracking, etc....

« Evaluate consequences
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Most Important Issue - Liquefaction

* Liquefaction occurs when earthquake
shaking causes water pressure to increase
In soils thus greatly reducing the shear
strength of the saoill.

e Saturated, clean, loose cohesionless or
uncompacted materials are most
susceptible.

Earthquake

- Liquefiable soils are common to alluvial S i ey
valleys, where earth embankments are e
typically built. o

Photos from National
Information Service for




Other Important Issue: Cyclic
Softening/Strength loss

» Strength loss can occur in soft or sensitive clays

* These type of soils are common in lacustrine or glacial-lacustrine
environments.

* Normally consolidated to slightly over consolidated clays can have
low seismic shear strengths and can lose significant strength if the
earthquake-induced strains are large enough




Typical Potential Failure Modes

* Overtopping erosion due to deformation
exceeding the available freeboard Y
» Liquefaction and non-liquefaction

* |[nternal erosion due to transverse
cracking
- See characteristics susceptible to cracking A SR T R
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Cracking due to Fault Rupture
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Source: Bray et al. (1994)




Cracking due to Embedded or Adjacent Structures

« At conduit contacts
 Typically, located deep in the embankment and thus cracks may close due
to confining pressures
* At spillway wall contacts
« Separation in these areas observed in case histories
 Typically, transverse orientation

» At concrete/embankment wrap-around sections
« Similar behavior to the other structure contacts
 Typically, more circuitous seepage path




Steps for Evaluation of Seismic Potential Failure Modes

« Estimate the likelihood of liquefaction or cyclic softening and
sliding of any foundation or embankment materials;

« Estimate the residual shear strength of the materials that may
liguefy or may experience strength loss;

 Estimate the deformation of the embankment.




Complete the Event Tree Similar to Static Potential Failure Modes

* For overtopping erosion, assess the likelihood of failure due to
overtopping erosion for various depths of overtopping, as
described in Chapter D-3.

 For internal erosion, assess the potential cracking characteristics
(location and size) and estimate the likelihood of failure due to
concentrated leak erosion as a function of the earthquake and
coincident water level, as described in Chapter D-8.




Sample Event Tree for Seismic Crest Deformation

Yes < etc.

Deformation > Freeboard?

Yes
No <
Reservoir Range 4 Liquefaction?
Yes 4 etc.
No Deformation > Freeboard?

No <
Reservoir Range 3 * etc.
Coincident Pool
Reservoir Range 2 * etc.
Reservoir Range 1 * etc.
0.3g<PGA< 0.5g—< etc.

Earthquake

0.1g< PGA<0.3g— i
DE?ARTMENT OF THE I
P %
m T ) paa<0..5——— ¢

PGA>0.5g

-|Seismic Overtopping Event Tree
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Seismic Loading Considerations

 Annual exceedance plots to develop
load partitions for input to event tree

 Acceleration time histories also used

« Deaggregations needed for
magnitude with greatest contribution
to the loading partition.

« USGS has a number of useful tools

I I I I I

————— 5th and 95th Percentile
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— - — - — 50th Percentile

Total Mean Hazard
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Reservoir / River /| Coastal Loading Considerations
* For water supply embankments Percent Anmual Chance Exceedance
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Example of Failure Mode Screening based on Joint Loading Probability

APF = % (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)

184.0 | 189.0 | 1975 | 2000 | 2050 | 2165 | 2285 | 2286 | 2340 [Pools (g)
186.0 | 1975 | 2000 | 2050 | 2165 | 2085 | 2286 | 2340 | 239.0 [ Pools(g)
1.00E+00[ 7.75E-02 [ 1.91E-02 | 6.37E-03 | 2.40E-04 | 2.01E-05 [ 1.51E-06 | 1.48E-06 [ 4.63E-07| P4
2.11E-01 | 1.91E-02 | 6.37E-03 | 2.40E-04 | 2.01E-05 | 1.51E-06 | 1.48E-06 | 4.63E-07 | 1.57E-07| Pg

PGAA ()| PGAs ()] AEPA | AEPs | Pas | 7.89E-01]5.84E-02] 1.27E-02| 6.13E-03 | 2.20E-04 | 1.86E-05 | 3.23E-08 | 1.02E-06 | 3.05E-07| Pas

0.000 | 0.050 | 9.26E-01] 7.37E-02 8.53E-01 1.59E-05 | 2.75E-08 | 8.69E-07 | 2.60E-07

0.050 | 0.100 | 7.37E-02 | 3.04E-02 4.33E-02 9.53E-06 | 8.06E-07 | 1.40E-09 | 4.41E-08 | 1.32E-08

0.100 | 0.150 | 3.04E-02 | 1.62E-02 | 1.41E-02 8.67E-05 | 3.12E-06 | 2.64E-07 | 4.57E-10 | 1.44E-08 | 4.32E-09

0.150 | 0.200 | 1.62E-02 | 9.98E-03 | 6.24E-03 7.96E-05 | 3.83E-05 | 1.38E-06 | 1.16E-07 | 2.02E-10 | 6.37E-09 | 1.91E-09

0.200 | 0.250 | 9.98E-03 | 6.90E-03 | 3.08E-03 3.93E-05 | 1.89E-05 | 6.79E-07 | 5.74E-08 | 9.96E-11 | 3.14E-09 | 9.41E-10

0.250 | 0.300 | 6.90E-03 | 4.95E-03 | 1.96E-03 2.49E-05 | 1.20E-05 | 4.31E-07 | 3.64E-08 | 6.32E-11 | 1.99E-09 | 5.97E-10

0.300 | 0400 | 4.95E-03 | 2.88E-03 | 2.07E-03 2.64E-05 | 1.27E-05 | 4.56E-07 | 3.85E-08 | 6.69E-11| 2.11E-09 | 6.32E-10

0.400 | 0.500 | 2.88E-03 | 1.86E-03 | 1.02E-03 5.94E-05 | 1.30E-05 | 6.24E-06 | 2.24E-07 | 1.89E-08 | 3.29E-11 | 1.04E-09 | 3.10E-10

0.500 | 0.600 | 1.86E-03 | 1.24E-03 | 6.24E-04 3.64E-05 | 7.95E-06 | 3.82E-06 | 1.87E-07 | 1.16E-08 | 2.02E-11 | 6.36E-10 | 1.90E-10

0.600 | 0.700 | 1.24E-03 | 8.52E-04  3.85E-04 2.25E-05 | 4.91E-06 | 2.36E-06 | 8.48E-08 | 7.17E-09 | 1.24E-11 | 3.93E-10 | 1.18E-10

0.700 | 0.800 | 8.52E-04 | 5.92E-04 | 2.60E-04 1.52E-05 | 3.31E-06 | 1.59E-06 | 5.72E-08 | 4.84E-09 | 8.39E-12 | 2.65E-10 | 7.93E-11

0.800 | 0.900 | 5.92E-04 | 4.26E-04 1.67E-04 9.74E-06 | 2.13E-06 | 1.02E-06 | 3.67E-08 | 3.11E-09 | 5.39E-12 | 1.70E-10 | 5.09E-11

0.900 | 1.000 | 4.26E-04 | 3.06E-04 | 1.20E-04 || 9.45E-05 | 7.00E-06 | 1.53E-06 | 7:85E-07 | 2.64E-08 | 2.23E-09 | 3.87E-12 | 1.22E-10 | 3.66E-11

1.000 | 1.250 | 3.06E-04 | 1.41E-04 | 1.65E-04 9.62E-06 | 2.10E-06 | 1.01E-06 | 3.63E-08 | 3.07E-09 | 5.32E-12 | 1.68E-10 | 5.03E-11

1.250 | 1.500 | 1.41E-04 | 6.69E-05 || 7.40E-05 || 5.84E-05 | 4.32E-06 | 9.48E-07 | 4.54E-07 | 1.63E-08 | 1.38E-09 | 2.39E-12 | 7.55E-11 | 2.26E-11

1500 | 1.750 | 6.69E-05 | 3.34E-05 | 3.35E-05 || 2.64E-05 | 1.96E-06 | 4.27E-07 | 2.05E-07 | 7.37E-09 | 6.23E-10 | 1.08E-12 | 3.41E-11 | 1.02E-11

1.750 | 2.000 | 3.34E-05 | 1.68E-05 | 1.67E-05 | 1.31E-05 | 9.78E-07| 2.12E-07 | 1.02E-07 | 3.67E-09 | 3.10E-10 | 5.38E-13 | 1.70E-11 | 5.08E-12

2.000 | 2250 | 1.68E-05 #VALUE! |[#VALUE! [ #VALUE! [ #VALUE! | #VALUE! [ #VALUE! [#VALUE! [#VALUE! [ #VALUE! [ #VALUE!

2250 | 2500 #VALUE! |[#VALUE! [#VALUE! [ #VALUE! | #VALUE! [ #VALUE! [#VALUE! [#VALUE! [#VALUE! [#VALUE!| Total

2500 | 3.000 #VALUE! [#VALUE! [#VALUE! [#VALUE! | #VALUE! [ #VALUE! [ #VALUE! [#VALUE! [#VALUE! [#VALUE!| APF

1.73E-05 | 2.99E-08 | 9.45E-07 | 2.83E-07 || B:02E-01]

BUBERY o AEcuATIR—~




USGS Data

		Seismic Hazard Curve for PGA

		USGS (2008) Seismic Hazard Curve Application

		http://geohazards.usgs.gov/hazardtool/application.php



		a) Clear any existing data from Cells A18 through X20

		b) Run the USGS Seismic Hazard Curve Application (hyperlink provided above)																																		RP (yrs)		PGA (g)				AEP		PGA (g)

		c) Under the Set Location tab, enter the latitude and longitude for dam site (separate by commas and use negative sign before longitude)																																		144		ERROR:#NAME?				6.94E-03		ERROR:#NAME?

		d) Select Data Access tab																																		975		ERROR:#NAME?				1.03E-03		ERROR:#NAME?

		e) Right-click on the URL displayed in the blue font, and select Copy Shortcut																																		2,475		ERROR:#NAME?				4.04E-04		ERROR:#NAME?

		f) Right-click on existing link displayed in Internet Explorer address bar (at the top of the screen), and select Paste																																		4,975		ERROR:#NAME?				2.01E-04		ERROR:#NAME?

		g) Modify the URL by changing the displayed latitude (lat=35) and longitude (long=-120) to the actual site coordinates																										For high consequence projects,								10,000		ERROR:#NAME?				1.00E-04		ERROR:#NAME?

		h) Keep period=0p00 for the seismic hazard curve for the PGA																										a greater RP may be needed.						►										

		i) Modify site class if known; otherwise, keep site=760 for B/C boundary

		j) Copy data from results.csv generated by the application and paste into Cell A18 below (Cells F19:X19 contain AEP, and Cells F20:X20 contain PGA)



		Paste Here

		▼

		Latitude		Longitude		Vs30		Period		Basis		X/Y Values

		34.02		-118.08		760		0		4		0.005		0.007		0.0098		0.0137		0.0192		0.0269		0.0376		0.0527		0.0738		0.103		0.145		0.203		0.284		0.397		0.556		0.778		1.09		1.52		2.13

												0.460172		0.385696		0.311464		0.243472		0.18472		0.13678		0.099002		0.0690676		0.0459548		0.02897		0.0170344		0.00969776		0.005398		0.00291584		0.00145772		0.000636996		0.000227		6.30E-05		1.17E-05



http://geohazards.usgs.gov/hazardtool/application.php

H&H Data

		Flood-Frequency Curve for Hydrologic Loading



		Pool		ACE

		195.5		0.9900990099

		201.2		0.7692307692

		203.4		0.5

		205.7		0.2

		207.3		0.1

		208.8		0.05

		211.0		0.02

		218.0		0.01

		228.5		0.0056

		228.6		0.00019

		239.04		0.000057



		Stage-Duration Curve for Seismic Loading



		Pool		Duration

		184.0		1

		185.0		0.5235004207

		186.0		0.2113234764

		187.0		0.1693713187

		188.0		0.1464118283

		189.0		0.0775333574

		190.0		0.070320952

		191.0		0.0633489602

		192.0		0.0570982089

		193.0		0.0478422887

		194.0		0.0406298834

		195.0		0.0332972713

		196.0		0.0269263133

		197.0		0.0223584565

		198.0		0.0163481188

		199.0		0.0102175742

		200.0		0.006370958

		201.0		0.0031253756

		202.0		0.0012020676

		203.0		0.0003606203

		205.0		0.0002404135

		239.04		0.0000001561		Extrapolated: (0.000057 events/yr)(24 hr/event)(1 dy / 24 hr)(1 yr / 365.25 dy)





Joint 1

		Annual Probability of Failure Guideline: APF < 1E-04/yr



		APF ≈ Σ (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PB

		PGAA (g)		PGAB (g)		AEPA		AEPB		PAB		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PAB

		0.000		0.050		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.050		0.100		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.100		0.150		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.200		0.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.250		0.300		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.300		0.400		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250		ERROR:#NAME?				ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500						ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Total

		2.500		3.000						ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		APF

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				APF ≥ 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						1E-06 ≤ APF < 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						APF < 1E-06 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)



		Preliminary Estimated Life Loss for Worst-Case Breach Scenario



		Condition		Exposure				Pool		Non-Failure				Failure				Total Incremental

		Day		0.50						Day		Night		Day		Night

		Night		0.50				184		0		0		0		0		0

		Total		1.00				197.5		0		0		4		7		5.5

								218		0		0		331		521		426

								228.5		0		0		297		541		419

								228.6		4		4		12		16		10

								234		10		8		36		46		32

								239		20		20		73		104		68.5



		Average Annual Incremental Life Loss Guideline: AALL < 1E-03 lives/yr



		AALL ≈ Σ (APF) (Incremental Life Loss)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLB

		PGAA (g)		PGAB (g)								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLAB

		0.000		0.050								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.050		0.100								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.100		0.150								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.200		0.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.250		0.300								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.300		0.400								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500								ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Total

		2.500		3.000								ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		AALL

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				AALL ≥ 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						1E-05 ≤ AALL < 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						AALL < 1E-05 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)





Joint 2

		Annual Probability of Failure Guideline: APF < 1E-04/yr



		APF ≈ Σ (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PB

		PGAA (g)		PGAB (g)		AEPA		AEPB		PAB		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PAB

		0.000		0.050		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								In this example, assume an evaluation was performed that indicates the structure will perform

		0.050		0.100		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								extremely well for PGA values less than 0.2g and reservoir loadings less than EL 216.5.

		0.100		0.150		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								The cells from the previous worksheet corresponding to PGA values less than 0.2g and

		0.200		0.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								coincident pool elevations less than EL 216.5 were deleted from the matrix, since they are

		0.250		0.300		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								negligible contributors to the total risk (SRP << 1E-06).

		0.300		0.400		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250		ERROR:#NAME?				ERROR:#NAME?

		2.250		2.500						ERROR:#VALUE!																				Total

		2.500		3.000						ERROR:#VALUE!																				APF

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				APF ≥ 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						1E-06 ≤ APF < 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						APF < 1E-06 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)



		Preliminary Estimated Life Loss for Worst-Case Breach Scenario



		Condition		Exposure				Pool		Non-Failure				Failure				Total Incremental

		Day		0.50						Day		Night		Day		Night

		Night		0.50				184		0		0		0		0		0

		Total		1.00				197.5		0		0		4		7		5.5

								218		0		0		331		521		426

								228.5		0		0		297		541		419

								228.6		4		4		12		16		10

								234		10		8		36		46		32

								239		20		20		73		104		68.5



		Average Annual Incremental Life Loss Guideline: AALL < 1E-03 lives/yr



		AALL ≈ Σ (APF) (Incremental Life Loss)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLB

		PGAA (g)		PGAB (g)								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLAB

		0.000		0.050

		0.050		0.100

		0.100		0.150

		0.150		0.200

		0.200		0.250

		0.250		0.300

		0.300		0.400																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		Total

		2.500		3.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		AALL

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				AALL ≥ 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						1E-05 ≤ AALL < 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						AALL < 1E-05 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)






Example of Failure Mode Screening
based on Joint Loading Probability

APF = Z (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)

184.0 189.0 197.5 200.0 205.0 216.5 228.5 228.6 234.0 | Poola (9)
186.0 197.5 200.0 205.0 216.5 228.5 228.6 234.0 239.0 [ Poolg (g9)
1.00E+00| 7.75E-02 | 1.91E-02 | 6.37E-03 | 2.40E-04 | 2.01E-05| 1.51E-06 | 1.48E-06 | 4.63E-07 Pa
2.11E-01 [ 1.91E-02 | 6.37E-03 | 2.40E-04 | 2.01E-05 | 1.51E-06 | 1.48E-06 | 4.63E-07 | 1.57E-07 Ps
PGAA (9) | PGAs (9)|| AEPAa AEPg Pas 7.89E-01| 5.84E-02 | 1.27E-02 | 6.13E-03 | 2.20E-04 | 1.86E-05 | 3.23E-08 | 1.02E-06 | 3.05E-07 Pas
0.000 0.050 [ 9.26E-01| 7.37E-02 | 8.53E-01
0.050 0.100 [ 7.37E-02 | 3.04E-02 | 4.33E-02
0.100 0.150 [ 3.04E-02 | 1.62E-02 | 1.41E-02
0.150 0.200 [ 1.62E-02 | 9.98E-03 || 6.24E-03
0.200 0.250 [ 9.98E-03 | 6.90E-03 || 3.08E-03
0.250 0.300 [ 6.90E-03 | 4.95E-03 | 1.96E-03
0.300 0.400 || 4.95E-03 | 2.88E-03 || 2.07E-03 4.56E-07 | 3.85E-08 | 6.69E-11 | 2.11E-09 | 6.32E-10
0.400 0.500 || 2.88E-03 | 1.86E-03 || 1.02E-03 2.24E-07 | 1.89E-08 | 3.29E-11 | 1.04E-09 [ 3.10E-10
0.500 0.600 [ 1.86E-03 | 1.24E-03 || 6.24E-04 1.37E-07 | 1.16E-08 | 2.02E-11 | 6.36E-10 | 1.90E-10
0.600 0.700 [ 1.24E-03 | 8.52E-04 || 3.85E-04 8.48E-08 | 7.17E-09 | 1.24E-11 | 3.93E-10 | 1.18E-10
0.700 0.800 [ 8.52E-04 | 5.92E-04 || 2.60E-04 5.72E-08 | 4.84E-09 | 8.39E-12 | 2.65E-10 | 7.93E-11
0.800 0.900 [ 5.92E-04 | 4.26E-04 || 1.67E-04 3.67E-08 | 3.11E-09 | 5.39E-12 | 1.70E-10 | 5.09E-11
0.900 1.000 || 4.26E-04 | 3.06E-04 || 1.20E-04 2.64E-08 | 2.23E-09 | 3.87E-12 | 1.22E-10 | 3.66E-11
1.000 1.250 || 3.06E-04 [ 1.41E-04 || 1.65E-04 3.63E-08 | 3.07E-09 | 5.32E-12 | 1.68E-10 | 5.03E-11
1.250 1.500 || 1.41E-04 [ 6.69E-05 || 7.40E-05 1.63E-08 | 1.38E-09 | 2.39E-12 | 7.55E-11 | 2.26E-11
1.500 1.750 || 6.69E-05 [ 3.34E-05 || 3.35E-05 7.37E-09 | 6.23E-10 | 1.08E-12 | 3.41E-11 | 1.02E-11
1.750 2.000 [ 3.34E-05) 1.68E-05| 1.67E-05 3.67E-09 | 3.10E-10 | 5.38E-13 | 1.70E-11 [ 5.08E-12
2.000 2.250 [ 1.68E-05 #VALUE!
2.250 2.500 #VALUE! Total
2.500 3.000 #VALUE! APF
#N/A #N/A #N/A #N/A 1.09E-06 | 9.18E-08 | 1.59E-10 | 5.03E-09 | 1.50E-09 || 1.18E-06
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USGS Data

		Seismic Hazard Curve for PGA

		USGS (2008) Seismic Hazard Curve Application

		http://geohazards.usgs.gov/hazardtool/application.php



		a) Clear any existing data from Cells A18 through X20

		b) Run the USGS Seismic Hazard Curve Application (hyperlink provided above)																																		RP (yrs)		PGA (g)				AEP		PGA (g)

		c) Under the Set Location tab, enter the latitude and longitude for dam site (separate by commas and use negative sign before longitude)																																		144		ERROR:#NAME?				6.94E-03		ERROR:#NAME?

		d) Select Data Access tab																																		975		ERROR:#NAME?				1.03E-03		ERROR:#NAME?

		e) Right-click on the URL displayed in the blue font, and select Copy Shortcut																																		2,475		ERROR:#NAME?				4.04E-04		ERROR:#NAME?

		f) Right-click on existing link displayed in Internet Explorer address bar (at the top of the screen), and select Paste																																		4,975		ERROR:#NAME?				2.01E-04		ERROR:#NAME?

		g) Modify the URL by changing the displayed latitude (lat=35) and longitude (long=-120) to the actual site coordinates																										For high consequence projects,								10,000		ERROR:#NAME?				1.00E-04		ERROR:#NAME?

		h) Keep period=0p00 for the seismic hazard curve for the PGA																										a greater RP may be needed.						►										

		i) Modify site class if known; otherwise, keep site=760 for B/C boundary

		j) Copy data from results.csv generated by the application and paste into Cell A18 below (Cells F19:X19 contain AEP, and Cells F20:X20 contain PGA)



		Paste Here

		▼

		Latitude		Longitude		Vs30		Period		Basis		X/Y Values

		34.02		-118.08		760		0		4		0.005		0.007		0.0098		0.0137		0.0192		0.0269		0.0376		0.0527		0.0738		0.103		0.145		0.203		0.284		0.397		0.556		0.778		1.09		1.52		2.13

												0.460172		0.385696		0.311464		0.243472		0.18472		0.13678		0.099002		0.0690676		0.0459548		0.02897		0.0170344		0.00969776		0.005398		0.00291584		0.00145772		0.000636996		0.000227		6.30E-05		1.17E-05



http://geohazards.usgs.gov/hazardtool/application.php

H&H Data

		Flood-Frequency Curve for Hydrologic Loading



		Pool		ACE

		195.5		0.9900990099

		201.2		0.7692307692

		203.4		0.5

		205.7		0.2

		207.3		0.1

		208.8		0.05

		211.0		0.02

		218.0		0.01

		228.5		0.0056

		228.6		0.00019

		239.04		0.000057



		Stage-Duration Curve for Seismic Loading



		Pool		Duration

		184.0		1

		185.0		0.5235004207

		186.0		0.2113234764

		187.0		0.1693713187

		188.0		0.1464118283

		189.0		0.0775333574

		190.0		0.070320952

		191.0		0.0633489602

		192.0		0.0570982089

		193.0		0.0478422887

		194.0		0.0406298834

		195.0		0.0332972713

		196.0		0.0269263133

		197.0		0.0223584565

		198.0		0.0163481188

		199.0		0.0102175742

		200.0		0.006370958

		201.0		0.0031253756

		202.0		0.0012020676

		203.0		0.0003606203

		205.0		0.0002404135

		239.04		0.0000001561		Extrapolated: (0.000057 events/yr)(24 hr/event)(1 dy / 24 hr)(1 yr / 365.25 dy)





Joint 1

		Annual Probability of Failure Guideline: APF < 1E-04/yr



		APF ≈ Σ (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PB

		PGAA (g)		PGAB (g)		AEPA		AEPB		PAB		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PAB

		0.000		0.050		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.050		0.100		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.100		0.150		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.200		0.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.250		0.300		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.300		0.400		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250		ERROR:#NAME?				ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500						ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Total

		2.500		3.000						ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		APF

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				APF ≥ 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						1E-06 ≤ APF < 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						APF < 1E-06 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)



		Preliminary Estimated Life Loss for Worst-Case Breach Scenario



		Condition		Exposure				Pool		Non-Failure				Failure				Total Incremental

		Day		0.50						Day		Night		Day		Night

		Night		0.50				184		0		0		0		0		0

		Total		1.00				197.5		0		0		4		7		5.5

								218		0		0		331		521		426

								228.5		0		0		297		541		419

								228.6		4		4		12		16		10

								234		10		8		36		46		32

								239		20		20		73		104		68.5



		Average Annual Incremental Life Loss Guideline: AALL < 1E-03 lives/yr



		AALL ≈ Σ (APF) (Incremental Life Loss)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLB

		PGAA (g)		PGAB (g)								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLAB

		0.000		0.050								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.050		0.100								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.100		0.150								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.200		0.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.250		0.300								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.300		0.400								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500								ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Total

		2.500		3.000								ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		AALL

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				AALL ≥ 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						1E-05 ≤ AALL < 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						AALL < 1E-05 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)





Joint 2

		Annual Probability of Failure Guideline: APF < 1E-04/yr



		APF ≈ Σ (Annual frequency of an earthquake within PGA partition) (Fraction of a year for reservoir within partition) (Assumed SRP = 1)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PB

		PGAA (g)		PGAB (g)		AEPA		AEPB		PAB		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		PAB

		0.000		0.050		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								In this example, assume an evaluation was performed that indicates the structure will perform

		0.050		0.100		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								extremely well for PGA values less than 0.2g and reservoir loadings less than EL 216.5.

		0.100		0.150		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.150		0.200		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								The cells from the previous worksheet corresponding to PGA values less than 0.2g and

		0.200		0.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								coincident pool elevations less than EL 216.5 were deleted from the matrix, since they are

		0.250		0.300		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?																								negligible contributors to the total risk (SRP << 1E-06).

		0.300		0.400		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?										ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250		ERROR:#NAME?				ERROR:#NAME?

		2.250		2.500						ERROR:#VALUE!																				Total

		2.500		3.000						ERROR:#VALUE!																				APF

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				APF ≥ 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						1E-06 ≤ APF < 1E-04 (i.e., exclude from risk assessment only if SRP results in APF < 1E-06)

						APF < 1E-06 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)



		Preliminary Estimated Life Loss for Worst-Case Breach Scenario



		Condition		Exposure				Pool		Non-Failure				Failure				Total Incremental

		Day		0.50						Day		Night		Day		Night

		Night		0.50				184		0		0		0		0		0

		Total		1.00				197.5		0		0		4		7		5.5

								218		0		0		331		521		426

								228.5		0		0		297		541		419

								228.6		4		4		12		16		10

								234		10		8		36		46		32

								239		20		20		73		104		68.5



		Average Annual Incremental Life Loss Guideline: AALL < 1E-03 lives/yr



		AALL ≈ Σ (APF) (Incremental Life Loss)



												184.0		189.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		PoolA (g)

												186.0		197.5		200.0		205.0		216.5		228.5		228.6		234.0		239.0		PoolB (g)

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLA

												ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLB

		PGAA (g)		PGAB (g)								ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		LLAB

		0.000		0.050

		0.050		0.100

		0.100		0.150

		0.150		0.200

		0.200		0.250

		0.250		0.300

		0.300		0.400																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.400		0.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.500		0.600																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.600		0.700																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.700		0.800																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.800		0.900																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		0.900		1.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.000		1.250																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.250		1.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.500		1.750																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		1.750		2.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.000		2.250																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?

		2.250		2.500																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		Total

		2.500		3.000																		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		ERROR:#NAME?		AALL

												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		0.00E+00



		Legend:				AALL ≥ 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						1E-05 ≤ AALL < 1E-03 (i.e., exclude from risk assessment only if SRP results in ALL < 1E-05)

						AALL < 1E-05 (i.e., negligible risk contributor; exclude from risk assessment without evaluating SRP)






Outline

 Important case histories

» Steps for risk assessment

» Seismic potential failure modes

» Loading considerations

» Likelihood of liquefaction or cyclic softening/strength loss
« Embankment deformation

» Overtopping

* Internal erosion through cracks




Likelihood of Liquefaction
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Probability of Liquefaction

Boulanger and Idriss (2010):
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Probability of no liquefaction: P, =1 - P,




Cyclic Softening of Clays

 Probability of cyclic softening can be calculated by comparing the
CSR, which is based on differing earthquake return periods, to the
cyclic resistance ratio (CRR) of clay.

 If CRR is less than CSR there is a high potential for strength loss

* CRR calculated as
CRR = 0.8*S*(OCR)"m
(Idriss and Boulanger, 2008)

» Post seismic fully remolded strengths can be estimated using CPT,
VST or by other empirical correlations such as using Liquidity
Index




Residual Shear Strength of Liquefied Soil

Seed and Harder (1990) |ldriss and Boulanger (2008)
Sr = f((N1)6003) Sr/G’vc-= 1:((N1)60-Sr)
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Outline

 Important case histories

» Steps for risk assessment

» Seismic potential failure modes

» Loading considerations

 Site characterization

* Likelihood of liquefaction and residual strength of liquefied soll
 Embankment deformation

* Internal erosion through cracks




Empirical Deformation (No Liquefaction occurs)
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NORMALIZED CREST SETTLEMENT:
A An Index to Earthquake Damage
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Simplified Dynamic Sliding Mass Deformation

* Newmark (1965) and o _m_
modified and updated by ﬁ\ =

———t

» Makdisi and Seed (1978)

n
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» Watson-Lamprey and
Abrahamson (2006) i) » Ft

 Bray and Travasarou (2007) |
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Non-Linear Deformation Analysis

Zones of liquefaction: Maximum shear strain contours:
Geo-Congress 2013 @ ASCE 2013 2269
Seismic Slope Stability
W. D. Liam Finn Hon M.ASCE. P.Eng.
- Professor Emeritus, University of British Columbia
g}i WVancouver, B.C.. Canada
- ABSTRACT: Developments in the procedures for evaluating the seismic response and safety of . R i i
slopes over the last 25 years are reviewed. There have been five major developments since 1988 a) Initial section. b) Remediated section (propOSed).
when the first review was reported by Finn. First is the broad acceptance of FLAC as a standard
computational platform for static and dynamic analysis in geotechnical engineering. Second is
the use of displacement as a performance criterion for assessing the seismic performance of Pore Pressure Ratio
slopes and embankment dams and planning cost effective remedial measures. especially when 1.2 T 1.2
there is a potential for liquefaction in the dam itself or in the foundation. The third development
is the use of centrifuge tests on model structures to validate methods of amalysis and the 10 L J1.0
associated constitutive models. Fourth is the emergence of seisnuc risk and reliability analysis as o ' ' *
an aid to determining the dominant failure modes of the dam. the probability of occurrence of o W
unacceptable damage. and the associated probabilities of both economic losses and loss of life ; 08 -1 08
The fifth development is the contribution of major fundamental research programs to sigmficant 5
elements of seismic safety of slopes such as evaluation of liquefaction potential. defermination of @ 05 [ 1 06°
N residual strength. handling probabilistic ground motions in design and the calibration of g . .
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Post-Earthquake Deformation

* Post EQ Slope Stability

Ana |y3| S ) E%%%—%\

» Deformation - use a computer

program such as FLAC ——— —
- Model potentially liquefiable \\\Eéfﬁé
materials using residual s

undrained shear strengths
» Evaluate deformed shape and
displacement magnitudes from
applied gravity loading only S e
 Neglects dynamic deformations 52 sy
that could occur during shaking

\opl ?9‘1-’ Rﬂ&}gua‘ sty enog\'i\




Outline

 Important case histories

» Steps for risk assessment

» Seismic potential failure modes

» Loading considerations

* Likelihood of liquefaction or cyclic softening/strength loss
« Embankment deformation

* Internal erosion through cracks




Internal Erosion through Cracks

after Pells and Fell (2002, 2003)

» Estimate damage class from deaggregation of seismic hazard for each
seismic load partition

* Assume Damage Class 3 or 4 if liquefaction occurs

» Estimate maximum likely crest settlement.
« Cracking begins at settled crest elevation

 Estimate probability of transverse cracking
» Use expert elicitation and Fell et al. (2008) as guide

» Estimate maximum likely crack width at the crest using Fell et al. (2008) as
guide

» Estimate maximum likely crack depth.

 Estimate probability of initiation, continuation, and progression of
concentrated leak erosion for reservoir partitions

« See Chapter D-6 Internal Erosion




Damage Class =f (PGA, M)
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Damage Class Maximum Maximum Relative
Number Description Longitudinal Crack | Crest Settlement ?
Width ¥ (mm) (percent)
0 No or Slight <10 <0.03
1 Minor 10 to 30 0.03t00.2
2 Moderate 30 to 80 0.2t00.5
3 Major 80 to 150 0.5t01.5
4 Severe 150 to 500 1.5t05
5 Collapse > 500 >5
Notes: (1) Maximum likely crack width is taken as the maximum width of any
longitudinal crack that occurs.
(2) Maximum relative crest settlement is expressed as a percentage of the
structural height.
Damage Class Probability of Maximum Likely
Number Description Transverse Cracking Cracck Width at the
rest (mm)
0 No or Slight 0.001 to 0.01 5t020
1 Minor 0.01 to 0.05 20to 50
2 Moderate 0.05t0 0.10 50to 75
3 Major 0.2 to 0.25 100 to 125
4 Severe 0.5t0 0.6 150 to 175




Main Issues to Consider

Defensive measures of dam: filters to prevent or control internal erosion of the dam
and its foundation; zones of good drainage capacity (e.g., free-draining rockfill)

Embankment stability during and immediately after the earthquake
Earthquake-induced deformations (i.e., settlement and cracking) and dam freeboard

Liquefaction potential of saturated sandy and silty soils and some gravels with a sand
and silt matrix in the foundation, and possibly in the embankment

Cyclic softening potential of soft or sensitive clays in the foundation and
possibly in the embankment

Adapted from Fell (2005) Geotechnical Engineering of Dams
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