Wanapum lLeft Embankment
Seismic Risk Assessment
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Zach Ruby — Chiet Dam Safety Engineer, Grant County PUD
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Overview

* Project Background

* Risk-Informed Decision-Making Approach
* Fragility Analysis

* Risk Analysis



Project Background

Wanapum Left Embankment Seismic Risk Assessment
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Wanapum Dam

* Total length: 8,637 feet (1.6 miles)
* Maximum height: 186.5 tfeet

* Constructed: July 1959 — October 1963

* Concrete Gravity Sections

* Powerhouse and Erection Bay
* Future Unit Intake

* Spillway — 12 Radial Gates
* Fishways

e /Zoned Earth and Rockfill Embankment Sections
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River Closure Section (RCS)

* Portion of left embankment constructed in existing river channel

* Material placed to divert river through spillway dumped in and through
water — lower density and strength

* Native foundation material beneath dumped fill has low density zones
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RCS Seismic Stability

* 2012: Probabilistic seismic hazard analysis (PSHA)
* 2013 and 2014: Preliminary seismic stability analyses

* Large earthquakes could result in liquefaction and strength loss in foundation
materials, large crest displacements, overtopping, and failure (uncontrolled release
of the reservoir)
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RCS Seismic Stability

* 2015: Federal Energy Regulatory Commission (FERC) direction to
convene Board of Consultants (BoC) to assess seismic stability of
embankments

* Given complexity and uncertainty in analyzing embankment seismic
stability and any mitigation, switched to risk-informed decision-making

(RIDM) approach



RIDM Approach

Wanapum Left Embankment Seismic Risk Assessment



RIDM Approach

* Estimate the likelihood of life loss resulting from an earthquake-induced
dam failure

* If the risk 1s unacceptable, select and develop mitigation specifically
targeted and designed for risk-reduction
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RIDM Approach

* PSHA

* Magnitude and frequency of earthquake loading, completed (updated) 2019
* Seismic Fragility Analysis

* Likelithood of failure from hazard, completed March 2025
* Seismic Quantitative Risk Analysis (QRA)

* Combines loss of life resulting from failure, failure likelithood, and hazard
likelthood to obtain seismic risk; completed April 2025

* Dam Safety Case

* Proposed approach for responding to risk, anticipated completion August 2025



Fragility Analysis

Wanapum Left Embankment Seismic Risk Assessment



Process

* Senitor Seismic Hazard Analysis Committee (SSHAC)
* Technical Integration (T1) Team — Performs Analysis
* Participatory Peer Review Panel (PPRP) — Reviews Analysis
* FERC — Provides Regulatory Oversight

* BoC members became part of the TI Team and PPRP



Process

* Fleld Investigations
* Drilling (BPT, sonic, SPT) and geophysical (shear wave velocity)

e Research
* BPT/iBPT interpretation

e Transverse cracking

* 2D Numerical Modeling

* Nonlinear Dynamic Analysis (NDA) using FLAC

* Approximately 26,000 production runs (maybe twice that total)
* Logic Tree

* Conceptualize different potential inputs to model

* Tens of millions of potential unique pathways
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Mean Left Embankment Seismic Fragility
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Findings — RCS Dominates

* The reach that contributes the most to the total left embankment fragility
is the River Closure Section (RCS).

* The contribution of other sections of the embankment to the total
embankment fragility 1s much less (a factor of 3 to orders of magnitude),
except at low ground motion levels (spectral accelerations less than

0.20g), where the overall fragility is low.
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Findings — Overtopping Dominates

* Within the RCS, the potential for large displacements leading directly to
embankment overtopping is the dominant failure mode. This is true for
both crustal and subduction earthquakes. For this failure mode, under
certain characterizations, the embankment can exhibit brittle behavior in
which the potential for failure rises rapidly over a relatively narrow range
of ground motions.



Conditional Probability of URR

Crustal Earthquakes, M 7.0-7.5

Mean Fragilities

1.0

0.8

0.8

0.7

06

0.5

0.4

0.3

0.2

01

0.0

——

Spectral Acceleration, g (2 Hz)

== == Wanapum Left Embankment

Owvertopping at River Closure

o 01 02 03 04 05 06 0.7 08 0% 1 11 12 13 14 15

1.E+00

1.E01

1.E02

1.E-03

1.E-04

1.E-05

Conditional Probability of URR

1.E06

1.E407

1.E-08

Owvertop ping at Other Reaches

o 01 02 03 04 05 06 0.7 08 09

1 11 1.2 1.3 14 15

Spectral Acceleration, g (2 Hz)

Transverse Cracking

e Bl Othier Failure Maodes



Findings — Large Uncertainty

* There is considerable uncertainty in the estimate of the total left
embankment seismic fragility for all magnitude earthquakes.

* While the uncertainty in the seismic fragility 1s large, sensitivity
calculations indicate the estimate of the mean fragility 1s stable (not
sensitive to large changes in key parameters).
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Findings — Many Credible Characterizations

* The large uncertainty is due to a number of factors. Foremost among
these is the wide range in credible characterizations of the embankment
soil properties which retlects the industry’s current state-of-knowledge —
principally, the estimates of the soil’s strength, cyclic resistance, and
residual strength after liquefaction occurs.
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Risk Analysis

Wanapum Left Embankment Seismic Risk Assessment
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