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What is an Extreme Flood?

e An Extreme Flood is considered to have an Annual Exceedance
Probability of 0.5% (Return Interval of 200 yr) or less

e Based on Runoff Hydrograph (Peak and Volume) and Not
Precipitation o
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¢ A Probable Maximum Flood (PMF) is the most severe flood that is
considered reasonably possible at a site as a result of hydrologic
and meteorologic conditions
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Extreme Floods

Percent Chance of
Occurrence over

Probability II:\:::\::I Project Life
50 years 100 years
1% 100 39.5% 63.4%
0:28% (Cancer ) 200 22.2% 39.4%
0.2% 500 9.5% 18.1%
0.024% (Motor Accident) 0.1% 1,000 4.9%, 9.59%,
0.005% (Airline Accident) 0.01% 10,000 0.5% 1.0%
1.00E-03% 100,000 0.05% 0.10%

1.00E-04% 1,000,000 0.005% 0.01%



istoric Floods in the Willamette Valley
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-~ Importance of Extreme Floods

® Design and Performance

> Embankment

> QOutlet Work Structure ™"

> Spillway Structure AW o
Risk “
g §1m. I
m Inundation &, ~

F,
m
&
3

— —

AT

°*Dam CIa55|f|c tion
ManagementtofFRigk™

L 100 gyttt sTroNE2?
N.'_l\_lumber of Fatalities



/ |

msE——— -
Methodologies for

Estimating Extreme Floods

e Regional Regression Equations
* Flood Frequency Analysis
e Rainfall Statistics

e Hydrologic Modeling
(Rainfall-Runoff Modeling)
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Methodologies for Estimating Extreme Floods

® Regional Regression Equations

> .
> Based on Frequency =USGS ¢8
Analysis of Streamflow s e o s
ages in Western an W,
Gg West d Estimation of Peak Discharges for Rural, Unregulated

Eastern Oregon

> USGS in cooperation with
OWRD

Scientific Investigations Report 2005-5116

US. Department of the Interior
US. Geological Survey
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Methodologies for Estimating Extreme Floods
Regional Regression Equations (Continued)

Advantages

> Applicable to Ungaged Watersheds
> Simple and Quick to Apply
> Study Completed in 2005

Challenges

> Estimates only Peak Discharge up to 0.2% AEP Event
> High Level of Uncertainty

% 33% to 39% for Western Oregon
(Equivalent Record Length of 36 yrs = 51%)

% 48% to 83% for Eastern Oregon (ERL of 35 yrs = 51%)



~Methodologies for Estimating Extreme Floods

* Flood Frequency Analysis
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Methodologies for Estimating Extreme Floods

* Flood Frequency Analysis

> Bistishipbiohgalysis of Streamflow Data
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Methodologies for Estimating Extreme Floods

Flood Frequency Analysis (Continued)
Procedures

> Analytical

< Log Pearson Type lll per Bulletin 17B
(Federal Interagencies, 1982)

< Natural, Unregulated Flows
<  Minimum Length of Record is 10 years

> Graphical
< Regulated Flows or Unusual Events



~Methodologies for Estimating Extreme Floods

Flood Frequency Analysis Challenges

> Skew Coefficient

< Station Skew

o Sensitive to 100000 -
Extreme Events

< Regional Skew
o 40 Stations with .

o Bulletin 17B
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~Methodologies for Estimating Extreme Floods

Flood Frequency Analysis Challenges (Continued)
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stimating Extreme Floods
Flood Frequency Analysis Challenges (Continued)

> Period of Record — Larger Data Set

< Provides Better Estimate of Frequency Relationship
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Methodologies for Estimating Extreme Floods
Flood Frequency Analysis Challenges (Continued)
> Period of Record - Larger Data Set

< Regionalization

o Observations from T T

Several Independent &m0

Sites with Similar AV

Properties b s .
o Substitute Space with | . = ¢ ©

Time e TS
o Less Issues with " e

Precipitation than A\
Runoff L
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Methbdologies for Estimating Extreme Floods
Flood Frequency Analysis Challenges (Continued)

> Extrapolation
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o Analysis using

NOAA Atlas 14

Hydrologic Modeling
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Methodologies for Estimating Extreme Floods

Flood Frequency Analysis Challenges (Continued)
> Extrapolation

Paleoflood Methods
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~Methodologies for Estimating Extreme Floods

e Rainfall Statistics



ethodologies for Estimating Extreme Floods

¢ Rainfall Statistics
> GRADEX — GRADient of Extreme values
» Bureau of Reclamation (USBR)

> Extrapolation of Flood Volume Frequency
Distribution using a Rainfall Series
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Methodologies for Estimating Extreme Floods

Rainfall Statistics (Continue)

Challenges

> Estimates only Flood Volumes
> Minimal US Application

> No User Documentation
>

Requires Streamflow and Rain Gage Network
System



~Methodologies for Estimating Extreme Floods

e Hydrologic Modeling
(Rainfall-Runoff Modeling)



ethodologies for Estimating Extreme Floods

Approaches

< Single Ever
o Precipit

o PMP

< Continuou
o Long-te

< Stochastic

#2 Basin Model [Castro 1]

i 72-HOUR PRECIPIT

e Hydrologic Modeling (Rainfall-Runoff Modeling)

» Utilization of a Hydrologic Model (HEC-HMS or HSPF)
< Develop or Extend Frequency Curve

< Estimate PMF Hydrograph
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Methodologies for Estimating Extreme Floods
Hydrologic Modeling (Continued)

> Calibration and Verification
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Methodologies for Estimating Extreme Floods

Hydrologic Modeling Challenges

> Runoff Frequency = Precipitation Frequency

<+ Antecedent Conditions
o Soil Moisture

o Precipitation
o Snow Pack



~ Paradigm Shift in Design Philosophy

DAM BREAK MODELLING, RISK
ASSESSMENT AND UNCERTAINTY
ANALYSIS FOR FLOOD MITIGATION

e TECHNICAL QUIDES ON DAM SAFETY

-

TECHNICAL GUDE O™
OPERATION OF DAME AND RERERVOINS
YOLUNE )

DESIGN OF e RISK ANALYSIS APPLIED TO
SMALL DAMS @ MANAGEMENT OF DAM SAFETY

GUIDELINES ON
TAILINGS DAMS

RAron, OEscs

Guidelines
on Risk
Assessment

TAILING DAMS
RISK ANALYSIS AND MANAGMENT

Manual on
small earth dams

C o ﬂ,‘l ? : " _;,
E Walter P. Hayes
: Michael €. Barnes
gl g g
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Impacts, Stability
and Design

Editors

Pavel Danlhelka
Eva Cervoanovd
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Paradigm Shift in Design Philésophy

—~

Current State-of-Practice
» Deterministic Analysis with Best Guess Relationships

» Design Inflow Hydrograph

*» Low Hazard: 1% Annual Chance Flood
¢ Significant Hazard: 0.2% Annual Chance Flood
*» High Hazard: PMF

> Embankment sucnargo g

storage

(Minimum) dam-crest elevation

Maximum design-pool elevation

*** Freeboard
o Wave Setup and Runup

» Outlet Works\Spillway
s* Maximum Outflow Dische

tive dam height

Effec



- Paradigm Shift in Design Philosophy

Current State-of-Practice Challenges
» No Communication of Risk and Uncertainty

Libby PMF Comparison
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Paradigm Shift in De5|gn Phllosophy
Probabilistic i ——
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Paradigm Shift in Design Philosophy

Probabilistic Challenges

» Communication of Probability and Statistics



Paradigm Shift in Design Philosophy

Comparison
Site Freeboard  Return Interval for
Location (ft) 90% Assurance
4 0.8 60 YR
5 2.5 303 YR
6 2.0 35 YR
10 1.9 31YR
11 2.4 57 YR
13 4.3 16 YR
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Take Home Message

» Various Methods for Estimating Extreme
Floods

» Significant Uncertainty in the Estimating
Extreme Floods

» Uncertainty Should be Considered in the
Design and Analysis of Dam Structures
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