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Outline 

• Why a risk management program 
• Recent experiences 
• Risk components 
• Geotechnical risks 
• The new 3d locks 



Logistical network through Panama 

5% of world trade transits the Isthmus 

• Transits per year :  ~15,000, 300Mt 
• Revenue :  USD 2.4b (profit: USD 1b) 
• Indirect impact on Panamanian economy :  30% 
• Indirect impact on the global economy :  ? 
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TYPICAL CROSS SECTIONS AT GATUN EARTH DAM 





Canal Profile 



In charge of excavations through the 

continental divide (Culebra Cut) 

Col. David DuBose Gaillard (1859-1913) 



September 19, 1912 
East Culebra Slide 



La Purisima 7-9 Dec 2010 

Risk 



Average precipitation  

2000 mm to 4500 mm/year 



La Purisima storm 7-9 Dec 2010 
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Elevation Inflow Outflow

14 gates at Gatun open since  

1 a.m. on Dec. 8th.   

 Maximum hourly flow (5-6 a.m.)  

Dec. 8th, 2010.  Q = 335,067 cfs 

 

                  

 December 7th  December 8th  December 9th 

Maximum historic elevation of Gatun 

Lake:  88,57 ft. 14 gates open in Gatun 

Spillway, plus the lock culverts in Pedro 

Miguel and Gatun. 

                                     

Gatun Lake.  Storm of 7-9 December 2010 



Gatún Dam (December 2010 – La Purisima) 



Madden Dam (December 2010 – La Purisima) 
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Alejuela Lake (Madden Dam) 
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Panama City 1621 

More risk 



Cabildo 

La Merced 

San Francisco 
San Juan de Dios La Concepción 

La Compañía de Jesús 

Santo Domingo 

San José 

Casas Reales 

Cathedral 
(built after 1621) 

12 km 

Reference:  Requejo Salcedo (1640) 



Father Juan Fonseca 1622 



10 mm/yr 

10 mm/yr 

50 mm/yr 

90 mm/yr 



Epicentro 
probable  

M 5.6 – 7.0 Richter (estimated) 

2 May, 1621 Earthquake 



7 September, 1882 Earthquake  

 M 7.9 Richter (estimated) 



Earth Consultants International 
William Lettis & Associates 

Paleoseismic investigations 



Río Gatun Fault 

Limón Fault 

Pedro Miguel Fault 

Azota Fault 

Miraflores Fault 

active faults 



Earth Consultants International 
William Lettis & Associates 

Paleoseismic investigations 

Earth Consultants International 
William Lettis & Associates 





ASCE papers with keyword:  risk 
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Year	

International Conferences on Applications of Statistics and 
Probability in Civil Engineering 

 
ICASP 1 Hong-Kong, 1971 

ICASP 2 Aachen, 1975 

ICASP 3 Sydney, 1979 

ICASP 4 Florence, 1971 

ICASP 5 Vancouver, 1987  

ICASP 6 Mexico City, 1991 

ICASP 7 Paris, 1995 

ICASP 8 Sydney, Australia, 1999 

ICASP 9 San Francisco, 2003  

ICASP 10 Tokyo, 2007 

ICASP 11 Zurich, 2011 
 

International Conferences on Structural Safety & Reliability 

 
ICOSSAR’69: WDC (A.M Freudenthal) 

ICOSSAR'77: Munich, Germany (H. Kupfer) 

ICOSSAR'81: Trondheim, Norway (T. Moan) 

ICOSSAR'85: Kobe, Japan (I. Konishi) 

ICOSSAR'89: San Francisco, CA, USA (A.H-S. Ang) 

ICOSSAR'93: Innsbruck, Austria (G.I. Schueller) 

ICOSSAR'97: Kyoto, Japan (N. Shiraishi) 

ICOSSAR'01: Newport Beach, CA, USA (M. Shinozuka) 

ICOSSAR'05: Rome, Italy (Giuliano Augusti) 

ICOSSAR'09: Osaka, Japan (Hitoshi Furuta) 

ICOSSAR’13  NYC, USA (Columbia) 



History of the Management of Physical Risks in the Canal 

• USACE  design criteria (1904-1914) 

• Flood Control Program (since construction) 

• Protection of the Canal (since 1909) 

• Landslide Control Program (modern program since 1968) 

• Erosion Control Program (aggravated by larger ships and tugs) 

• Dam Safety Program (since 1979) 

• Corrosion Control (since construction) 

• Structural codes for buildings (CZ Code was implemented 1907) 

• Seismic Risk criteria (since 1991) 

 



Alfaro, L. (1988).  “The risk of landslides in Galliard Cut,” Panama Canal Commission. 



TONEN Tank Farm (1978)  
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Autoridad del Canal de Panamá 

Risk register 

 
Risk Register 
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Rational Investment Decisions (using F-N charts) 



Catastrophic 
Natural Risks 

Chronic Natural 
Risks 

Anthropogenic 
Risks 

Type 

Drivers 

• Floods 
• Earthquakes 
• Landslides 
• Droughts 

•Erosion 
•Sedimentation 
•Corrosion 
•Aging 

• Terrorism 
• Sabotage 
• Accidents 

• Meteorological 
• Seismic 

• Time 
• Degradation use 

• Human activities 

Events 

Improve  Capacity of 
Structures through 
Engineering Analysis 

Implement Maintenance  
Programs through 
systematic inspections 

Implement appropriate 
operations and 
protection policies 

Mitigation 
Strategy 

Risk mitigation 



AEP AEPPI

PI

cost

costdemand demand

demand

pf

Fragility Curve

F-N curveHazard Engineering Economic Impact

Risk Analysis Procedure 

AEP = annual exceedance probability 
PI = Performance Indicator 
pf= probability of failure 
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Project No.

26818045

GATUN DAM & GATUN LAKE

SADDLE DAMS EVALUATION
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Analysis Section for Seepage 

Gatun Dam, East Embankment

Section B
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Principal components 

Gatun Dam 

Gatun Locks 

Gatun Lake 

Madden Dam 

Madden Lake 

Miraflores Spillway 

Gaillard Cut 

Miraflores Locks 

Pedro Miguel Locks 

Miraflores Lake 



Final cut 



February  2, 1913 
East Cucaracha Slide 



May  29, 1913 
East Cucaracha Slide 



September  13, 1913 
East Cucaracha Slide 



Inauguration of the Canal 

Steamship Ancón 
August 15, 1914 



East & West Culebra slides  
October 1915 
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Final cut 

Source:  David McCullough (1978). Path Between the Seas, Simon and Schuster, NY. 



Arthur Casagrande 

(consultant 1968 – 1974) 

Beginning of the landslide control program 

Anthony Mann, Chief GT 

Chief of dredging 

VP Engineering 



East Culebra slides  
1974 



East Cucaracha Slide  
October 13, 1986 



Threshold Values 

> 30mm / month 

> 100mm / year 

Modern Landslide Control Program 





Canal Expansion 
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545 

French effort 

23 
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Landslides (post-
construction) 
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The new 3d locks 



Long Term Demand Forecast  
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Canal Capacity (Tonnage)  

Revised Forecast (January 2009) 

Historical Forecast 

340 

508 

Additional capacity after expansion 

Existing Canal maximum capacity (Tonnage) 



2.10M m3 of structural concrete 

New Atlantic Locks 



New Pacific Locks 

2.34M m3 of structural concrete 



Thank you. 
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Thank you. 
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