peRecent Advances. ;
in-Lifesloss and Flood Damage
Estimation
forDamand lseveesFallures
e P i{* ol <

"ﬁ- . - “ - i
I\/Iaged A. Aboelata Ph. D PIE! CFI\/I

USwe  URS




Presentation Outline

NV VAESHITELENENGSSY
- J':?SJm ARG rJEC~FJA VIEIIOEGIGYIES

UtahState

UNIVERSITY




Why Estimate Life Loss?

> Dam Failure Consegquence Analysis
> Risk reduction measures

> Cost effectiveness/justification




Background

> Friedman (1975) > USBR model (Brown and Graham, 1988)

> Petak and Atkinson (1982)

> Pate-Cornell and Tagaras (1986)

Function of the number of o Insufficient warning (function of Par.)
damaged dwellings and flood

o Sufficient warning.
type (normal or flash)

« Second version added warning time.

> Stanford/FEMA Model

o Different functions for residential and
commercial districts.

Loss of life Is only due to
structure damage.

o Function of Par, flood depth, and river mile.

o Modified by IWR(1986) to include warning

90% In the path of the flood wave time instead of river mile.

and 10-15% in the rest of
Inundation area.
_ > DeKay and McClelland Model (1991, 1993)
[Factors are subjectively.
adjustable. o Function of population, warning time, and
flood severity



Limitations of Statistical Methods

> Depending on limited number of factors.

> LLarge-scale averaging for flooding characteristics.
> Lumping of population at risk.

> lgnoring dynamics of warning and evacuation.

> Depending on regression for various events.



Factors Affecting Life-Loss

% PAR L‘Ey}%len ‘B

. Downstream dléta [0zt
o Elevation '

= \WWarning System
. Coverage

> Mobilization
o Believability
o Knowledge

> Roads
o Capacity
o Destinations



Modeling System Overview -

> Initial Development at USU funded by US Army
Corps of Engineers, ANCOLD & USBR
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Wolf Creek Dam

> Owned and operated by the USACE
> Operation restrictions during repair
> Impact assessment for over 60 mlles downstream o) the dam

> Events

Wolf Creek Dam, KY



Wolf Creek Dam

> Lessons learned:
o [Ime of day population and activities variation
o Extra-long warning time

o Multiple Emergency Planning Zones
o Structure Survey Data

/\/ Russel-evac.shp

/\/ Monroe_evac.shp

/\/ Cumberland-evac.shp
Clinton-evac.shp
Roads-mod.shp
Max_loss_of_life.shp

[ ] Maximum_flooded_area.sh

«  Structures




Method Overview

> Two Versions:

1) LIFESIm

Deterministic Mode
Uncertainty Mode

2) HEC-FIA
Simplified processes
Less data requirement

»> Development Philosophy
Include important processes

Readily available data
- Empirically-based fatality rates

l 5 W) Reasonable implementation effort




Life Loss Cases for RA
Event-Exposure Scenarios

« Events:
. Failure modes and locations — o A
o Reservoir levels and inflow floods - ,,,,
. No-failure floods F=

o EXposure Cases:
e SEason
o [Ime of day
o Weekend/weekday



Data Sources

> Census Data
o Census blocks
o« Roads
o Hydrology

> USGS
« DEM

> HAZUS-MH

o Population activity distributions for 3 time-of-day
scenarios
o Night
o Day
« Commuting

o Building information




Modeling Approach

Warning & Evacuation Module Initial PAR

Mobilized Not Mobilized

Evacuated NotCleared Area Par‘tlally-damaged CHANCEZONE-
Shelter Destroyed Shelter

COMPROMISED Loss of $helter
CHAMNCEZONE | SAFEZONE- SAFEZONE- Not | CHANCEZOMNE - CHANCEZONE -

- Unstable Stable Submerged Submerged ZONE-Not _‘ Submerged

Not Warned

Submerged

bf Life Module _ _




Loss-of-Shelter Categories/Flood Zones for
Buildings
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:»:Warnlng and Evacuation
Procedure
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§ Aggregate Results

acation .

Community (4]

| Cleared | Survived | Lostlife

Casename |EQ Sudden Failure

| Mobilized by cars 015

*warming Initistion time |1 25 Howrs after failure

Tirme of day : |4;|:||:| j

|2z |2.3%

Mobilized by SUWV's 36 [zaz  [145 [43 [14 |o.4%

Summarize all results | |2a5 |E.8%
Received warning | Mobilized on foot 0%
323 |89z [17 |05

Lost life

High-Rise

Wood

Concrete

No warning

3291 [91.1% Steel

Masonry

MMamdfactured

| Total cleared | Total survived | Total loss of life

|1 21 3.3% |911 25.2% |2531 71.4%
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LIFESIm Outputs

Probability Distributions

Probability

200 400 600 800 1000 1200 1400 1600 1800

Life Loss
— — — - Life-loss Deterministic

Mobilized
Survived

Life-loss Uncertainty
Warned
Cleared




Percent PAR wa_rned ber census block.

Percent PAR mobilized per census
block.

Time to blockage by flood.

Number of people trapped in vehicles
and on foot per road segment.

Fatalities in vehicles and on foot per
road segment.



HEC-FIA

> Simplified Data Requirements
» Peak flood [t S e T

¢ = Project Confgurations
@ Projects

o Flood wave ft’:;ﬁ}
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What's Different?

esim ec e

Hyd raulics uses spatially distributed time series of depth and velocity uses spatially distributed peak water surface elevation and arrival time

depth and velocity time series peak depth

individual structures or census block data individual structures

Loss of shelter

progressive damage assessment throughout the flood TG A ek G

event
depth and velocity dependent depth dependent
time series of depth at structures and along roads flood wave arrival time
. dependent on road conditions fixed for each structure
Evacuation -
uses road network to shelter straight distance to shelter
traffic dynamic simulation fixed evacuation time per structure

Life-loss per structure and road segment per structure

uncertaint Monte-Carlo simulation sensitivity analysis



What's Different?

LIFESim HEC-FIA

Hydraulics

Loss of
shelter

Evacuation

uncertainty

uses spatially distributed time series of depth and velocity

uses spatially distributed peak water surface elevation and arrival time

depth and velocity time series peak depth

individual structures or census block data

progressive damage
assessment throughout the
flood event

depth and velocity dependent

time series of depth at
structures and along roads

dependent on road conditions

uses road network to shelter

traffic dynamic simulation

per structure and road segment

Monte-Carlo simulation

individual structures

damage at peak depth

depth dependent

flood wave arrival time

fixed for each structure

straight distance to shelter

fixed evacuation time per structure

per structure

sensitivity analysis




LIFESIm or HEC-FIA?

> Study area characteristics
> Goals of assessment

> Ime limitations



Current Status

> Collaboration with USACE-HEC: !
o Reprogramming to improve user friendliness H
o Rigorous model verification
o SOCIO-economic analysis for mobilization

> HEC-FIA:

o Requires less data
o Produces faster estimate

N
J

> Additional Improvements
o Rescue simulation
o Improve evacuation simulation

%
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