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Uncertainty Characterization In Dam Safety
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Modelling Framework

» Stochastic Simulation (Monte Carlo approach)

* Engineering modelling

e Component reliability analysis

» Systems reliability assessment

» Uncertainty characterization and propagation through Systems Model

http://pmsymposium.umd.edu/pm2017/
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Sources of Uncertainty

— Climatic

— Geomaorphologic

Natural Variability .
# ( Aleatory) % — Hydrologic
— Seismic
~— Structural
Formulation
Sources of
Uncertainty Parameter
— Model
Execution
Numerical
— Day to day operations
# T T % — Procedures & Processes
Epistemic — i —
(Ep ) OpEifeliEl — Deterioration or aging
Inspection
— Maintenance —
Repair
Measurement Error
— Data

Statistical analysis of data
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Cateqories of Uncertainty

(i) Input parameter uncertainty (each model requires a,
typically high dimensional, parametric specification)

(ii) Boundary condition uncertainty (uncertainty as to
boundary conditions, initial conditions, and forcing functions),

(iii) Structural Uncertainty (the model only approximates
the physical system)

(iv) Observational Error(Observational uncertainty arises due
to errors in the measurement of natural systems, resulting
discrepancies between the real system observations and the
outputs produced by the simulator),

(v) Scenario uncertainty (scenario identified based on possible
combinations of input data to provide insight into the
consequences of each scenario).
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General Modelling Protocol (Dam Safety Risk Analysis) |

P(Load)

AEP

P(Failure|Load)

Load

http:/pmsymposium.umd.edu/pm2017/

Hazard

Pf

P(Consequences)

Load

Vulnerabity

Assets

AEP

Consequences

Consequences
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INPUT PARAMETER UNCERTAINTY LMR COMPLEX

EXAMPLE

Historic Temperture data

Temperature

Month

m— UM —Warmest = Coldest

http://pmsymposium.umd.edu/pm2017/
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Ice Build-up in Reservoirs

Temperature v Ice Accumulation
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STAMFORD HURRICANE PROTECTION BARRIER
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Hydrological
Uncertainty

Hydraulic | [ Geotechnical |, FLOOD RISK ?'\}
Uncertainty Uncertainty MAPPING !".:-’{/ e
WA

e Constructed between 1965 and 1969.

* Provides protection to about 600 acres, which includes principal
manufacturing plants, a portion of the main commercial district, and
residential sections.

« The hurricane barrier (above) consists of three elements which protect the
proiect area aagainst tidal surae durina hurricanes and severe weather.

http:/pmsymposium.umd.edu/pm2017/
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Level 1 Level 2 Level 3 Level 4
Simulate Event Exceed TOL/TOW Breach Probability at Stage Elevation Conseguencies
I'_ Levee Model —'.—| Stage Elevation »—o— OT > TOL or TOW —@—1 Breach Probability Pf=Breach )—e— LL >—°—1 Damages y—‘

No Breach | @ LL } o [ Damages } <

‘— No OT > TOL or TOW @ Breach Probability | . Pf>Breach | o ( LL ) e [ Damages | ‘

http://pmsymposium.umd.edu/pm2017/

No Breach ‘
The key elements of this event tree are:
e Chance nodes: Stage elevations modeled as a continuous distribution.
 Conditional nodes: Overtopping if stage elevation exceeds a critical
height.
« State variable nodes: Total probability of breach at simulated stage
elevation.

e Discrete event nodes: Breach/No Breach: outcome simulated.
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Logic tree approach to Uncertainty Propagation

Logic Tree Hazard Fragility Consequence Output
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Model Inputs
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Output Aleatory and Epistemic Uncertainty Curves for
Levee System

Economic Consequences
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Concluding Remarks

 To analyze the uncertainty about complex systems, it is
important to have an overall framework to unify all of the
sources of uncertainty.

 Within this framework, all of the scientific, technical,
computational, statistical and foundational issues can be
addressed.

 Such analysis poses serious challenges, but they are no
harder than all of the other modelling, computational and
observational challenges involved with analyzing complex
systems.

http://pmsymposium.umd.edu/pm2017/
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