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We learn from history, that we
learn nothing from history.”

George Bernard Shaw
Author, Playwright
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Tsunami 2004 Disaster - Number of Deaths
by District

Data from NDMC, 15th January, 2005
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East Sri Lanka (AP Photo):

Raging water at beach front properties
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Before Tsunami After Tsunami SRTM Elevations

15 November 2002 31 December 2004 within 10 m of Sea Level
North of Phuket, Thailand
IWI Tsunami: 26 December 2004

ASTER Images with SRTM Elevation Range Mask



Sumatra Runup
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Tsunami Impacts On Ports &
Harbors



200 Ha water area, 13
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Galle Harbour, Sri Lanka i A

® Unknown Obstructions / Wrecked Vessels
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Container Berth- Mooring Lines Parted




Mooring Dolphin

Second Ship Being Drawn Qut of Entrance
Will Knock Out Mooring Dolphin



Inner Harbor Berth
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Pheonix Bay Drydock



Roads, Bridges & Rallroad
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Coastal Structures
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Locally Generated Tsunami
propagation Into Ports of Long
Beach and Los Angeles



Tsunami Source Locations
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Catalina Source Characteristics

Max. Ave. Max.
Length  Fault Area  Slip Slip  Magnitude  Uplift  Recurrence™*
Se gments* (km) (__kmz) (m) (m) (My) (m) (yrs)

165" 2317 6.4 4.46 7.63 2.17 4,500
86.5 |25 5.0 4.39 7.44 2 4,400
78.0 1092 6.4 4.54 7.41 1.43 4,500
86.5 1925 3.6 2.61 7.29 1.30 2,600
64.6 918.2 3.6 1.50 7.04 0.71 1,500
78.0 LG92 6.4 2.61 725 69 2,600
48.3 676.4 2.0 1.92 7.02 0.46 1,900
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* See Table 2 for segment parameters; "Includes 25-km overlap of two fault sections.
*% Recurrence time (approximate upper bound) assumes 1 mm/yr average slip rate.




Numerical
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Animated Results

Lasuen Knoll Earthquake !@

Palos Verdes, No Breakwater !@

Catalina 7 Segment Earthquake !@



Gage Locations
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Okushiri Tsunami 1993
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Okushirt Tsunami

Comparison between
Physical Model
Results and
Numerical Model
Results




CONCLUSIONS-TSUNAMI

 Risks Can Be Quantified and Managed

e Port of Chennai Survived 3-5 m Tsunami,
Back In Operation Within Days

« Moorings Vulnerable to Water Level Rise

 Tsunami Currents Important (Scour,
Navigation)

« Manageable Risk of Ship Impact Damages
 Properly Built Ports Can Survive
o Utility Systems Vulnerable



Priorities

. Education

. Warning System (Communications &
Measurements)

. Inundation Mapping
. Evacuation Planning
. Better Zoning/Building Practices



ASCE/COPRI Post Katrina
Damage Assessment Trip




Post-Disaster Assessment Teams

e Overall
—New Orleans (T. Dalrymple)
—Mississippi Ports (S. Curtis)
—Louisiana Ports (N. Pansic)

— Alabama/Mississippi Shoreline Areas
(S. Douglass)




New Orleans Team

« ASCE- COPRI
— T. Dalrymple, Johns Hopkins University
— J. Battjes, TU Delft, The Netherlands

— S. Tanaka, Public Works Research Institute,
Japan

— J. Headland, Moffatt & Nichol




Mission

* Collect perishable data and observations;
« Gain on-site understanding; and
 Pass along observations and lessons.




Elevation

*in meters




NEW Ol'|eal'1$ VU|nerab|Iities Current as of 25 Sep 05 - 1430hrs

I
Leves Broaches

f ol I ed
Lake Pontchartrain + Storm Induce

Orleans East (Citrus) i

Closed

Orleans East Bank (Metro) - Current protection from Lake Pentcharirain 10° - 12
-One deliberale unwatenng notch exisls

- South levee weakened; Approx. 5 to & foot protection
~Operable Pumping Capacty: 82%

Pumping Stations
@ Greatsr Than 90% Capacily

40r% to 90% Capacity

- Protected against fidal flux

- Braach repairs at 17th Street and London Avenue

canals vulnerable to storm surge

- Current protection to about 8’ NGVD

- Have temporarily raised to 10' - 12° with sheetpile at canal
- Operable Pumping Capacity: 39%

N |

@  Loss Than 40% Copacity
0 UnderAssessment
Estimated Flood Extents

Pre-Kairing Wellanda

New Orleans East

25 Seplembar 2005

Maximom

Levee Districts
) o
D Mot Dy

MNew Orleans Easl

~Bernard - Parish
e

Lake Borgne

Orleans East Bank

@

. Bernard Parish

Chalmette

-Federal leves dong MRGO severely damaged -
ofters lithe to no protection

- Back levee with approximately S - § fool protection

- Oparable Pumping Capacity: 81%

Chalmette Extension

D+28 Days

- Federal leves aong MRGO severely damaged -
offers lithe to no protection

- Back levee with approximately 5 - 6 foot protection

- Operable Pumping Capacity: 93%

L s 5

Bernard Parish

5t.
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Lake Pontchartrain, LA and Viciniby
Hurricane Protection Project
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17t Street Canal
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Displaced
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embankment
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17t Street Canal
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7th Street Canal




7th Street Canal




Lake Pontchartrain, LA and Viciniby
Hurricane Protection Project
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Port of New Orleans

...and crane damage at the APM Container Terminal.
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Inner Harbor Navigation Canal:
France Street South




Inner Harbor Navigation Canal:
France Street South
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Inner Harbor Navigation Canal:
France Street South




Inner Harbor Navigation Canal:
France Street South
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Inner Harbor Navigation Canal:
France Street South
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Inner Harbor Navigation Canal:
France Street South
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New Orleans Industrial Canal




Hurricane Wave Forces On
Piers and Bridges
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Catalina Island Ferry Terminal, 1960's
‘Hs= 10 feet, Tp = 7 sec, Still Intact




White Beach Pier- Still Intact




Paulus Hook Ferry Terminal,
Jersey City, NJ




US 90 Bay St Louis-Pass Christian




US 90 Ocean Springs-Biloxi
(West View)
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Design Conditions

« All Variables For A Range of Return Periods
— Tide Levels
— Storm Surge Levels

— Wave Conditions
 Wave Height, Period, Duration By Direction
« Hmax is Typically Used For Design

— Tidal/Hurricane Induced Currents
— Bathymetry (including short and long-term scour effects

 Basis For Selecting Design Frequency
— Safety (Prevent Loss of Life)
— Economics (How Often Can You Afford To Repair/Replace)



Vertical (Uplift) Loads

o Slowly Varying (Quasi-static) And Peak
Impulse Wave Loads on Decks and Beams
— Model Tests
— El Ghamry (1965)
— Wang (1970)
— French (1971)
— Overbeek and Klabbers (2001)
— HRW, McConnell et al (2005)



Hs= 5 ft, Tp=4sec, h= 22 ft, WL @ Deck (+10 ft mliw)

0 Quasi-Static Uplift
Pressure (psf)

M Vertical Impact Pressure
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Hs=5 ft, Tp= 8sec, h= 22 ft, WL @ Deck (+10 ft mllw)

0 Quasi-Static Uplift
Pressure (psf)

M Vertical Impact Pressure
(psf)
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| ateral Loads

« Wave Loads On Slender Members (e.qg., piles, beams)
— Loads Dominated by Flow Separation (drag)
— Stream Function or Fenton Wave Theories
— Morrison Equation (u, du/dt with depth for lateral loads)

« Wave Loads On Plates and “Large” Structures
— Loads Dominated by Wave Pressure
— Minikin, Miche-Rundgren
— Goda Wave Pressure Equations
— McConnell et al (2005)
 Current Loads On Submerged Bridge Superstructure



izt Stream Loads - Computation

W ave Height [ft)]

Wave Penod [zec)
Wl ater Depth [ft]

Surface Welocity [fps)
B ottam Velocity [fps)

Strearm Function Theory Order

Mumber of [terations

Stream Funchion Damping

Fhasze Angle [degrees)

Mumber of Yertical Calculation Faoints
Criarneter [ft)

Dirag Coefficient

Added Mazz Coefficient [cm)

it weight of Y ater [pof)

Load Default Data

Save Input File

Hun FProgram

Wiew Hesulks End

b woffatt & Nichol 2005




Phase

ELEV[FT] U[FPS] DUDT[FPSZ) FO(PLF]  FIFLF)  FTIFLF] FTSUMIKIPS]  FMIFTIF] ARMIFT] LEFPS)
0.00 227 0.00 13,50 0.00 13,50 0.00 0.00 0.00 30
% 118 228 0.00 13,61 0.00 13,61 0.02 0.01 0.59
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15.00 153 236 0.00 14,51 0.00 14,51 0.05 0.09 1.79
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o 5 58 751 0.0 1644 | 000 | 1644 0.04 026 304 2
2 00 7.05 252 0.00 17.57 0.00 17.57 0.11 0.9 170
40,00 £.24 274 0.00 19,57 0.00 19,57 013 0.56 439 21
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gggg 1059 307 0.00 2466 | 000 | 2466 018 105 5 85 .
000 11.77 328 0.00 25,02 0.00 25,02 0.21 1.40 EE4 _
E5.00 12.94 151 0.00 212 0.00 212 0.25 1.83 7.45 =
70.00 14,12 177 0.00 7.1 0.00 7.1 0.29 239 833 =15
gggg 15.30 4.07 0.00 4318 0.00 4318 0.33 .08 5,23 !
o5, 00 1E6.47 440 0.00 50.56 0.00 50.56 0.9 195 10,13 12
30,00 17.65 477 0.00 59,53 0.00 59,53 0.45 505 11.16
95,00 18,83 5.20 0.00 70.47 0.00 70.47 053 E.45 12,19
100.00 20.00 567 0.00 83.82 0.00 83.82 052 §.22 13.25 3
el = as | s19 0.0 10014 | ooo | 10014 073 10,45 14,34
11500 22,736 E78 0.00 12015 | 000 | 12015 0.85 13,23 15.45 B
120.00 7353 7.45 0.00 14473 | 000 | 144.73 1.01 16.56 1E.E2
125.00 24.71 8.19 0.00 175.04 0.00 175.04 1.20 21.40 17.79 3
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Hs=5 ft, Tp=4 sec, d= 22 ft, WL @ Deck (+10 ft mllw)
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Stream Function Theory, Wave Profile
(H=9 ft, T=4 sec, d= 22 feet)
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Stream Function Theory, Wave Profile
(H= 8.2 ft, T= 8 sec, d= 22 sec)

Structure Width= 40 Feet
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HURRICANE KATRINA
STORM SURGE (m)




HURRICANE KATRINA
1 - HOUIR WIND VEL.OCTTY {(m/s)
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CONCLUSIONS- HURRICANES

 Ports Extensively Damaged
— From Wave and Water Levels
— From Scour and Overtopping

« Moorings/Ships Vulnerable to Water Level
Rise and Currents

 Extensive Building & Yard Damage

 High Risk of Ship Permanently Moored
Vessel Impact Damages

 Properly Built Ports Can Survive
o Utility Systems Vulnerable



Recommended Actions For Moving
Forward

e “Learn From History”

* Invest In Hurricane/Tsunami Risk Studies
— Similar To Bridge Evaluations
— Both Engineering and Economic Efforts
— Estimate Damages Due Events
— Prepare Damage/Service Interruption Cost

— Weigh Corrective Actions Against Potential
Damage/Interruption Cost

— Invest In Cost-Effective Corrective Actions
— Prepare Detailed Emergency Response Plans



Recommended Actions For Moving
Forward

e A Silver Lining...
— Forensic Studies Important...

— Opportunity to promote the dialogue
o Cost-Benefits For Ports & Waterways
« Same For Flood Protection



