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Panama Canal

• Construction 1904 - 1914

• Expansion 2007 – 2015



Prior to John F Stevens Arrival 1905

• 1879 DeLesseps (74) forms Interocianic 

Canal Company

Raises $60 million

Proposes 7 years for Sea-Level 

Canal 72’ wide x 30’ deep

• 1889 Bankrupt 20,000 Lives Lost!



Prior to John F Stevens Arrival 1905

• 1903 Colombia rejects US $10million 
/$250,000 proposal

• 1903 Panama declares independence

• John Wallace (Chief Engineer) resigns after 
1 year. Introduces Bucyrus steam shovel



1905 John F Stevens - Arrives

• Resists Congressional Pressure “Make the 
Dirt Fly”

• Builds Infrastructure

• Gives Gorgas Free-Hand against Yellow 
Fever/Malaria

• Recreation

• 1906 Convinces Congress Lock Canal



Lock Canal –Three Geotechnical 

Considerations

• Gatun Dam

• Culebra Cut – 9 Miles

• Three Locks - Foundations



1907 Stevens Resigns !

• Exhausted on verge of “Breakdown”

• Yellow Fever –eradicated

• Railroad System in Place

Roosevelt appoints Goethals



George Washington GoethalsGeorge Washington Goethals

3rd Chief Engineer3rd Chief Engineer

18581858--19281928

��The completion of the Canal.The completion of the Canal.

��The damming of the powerful The damming of the powerful 

Chagres River with the Gatun Chagres River with the Gatun 

Dam that created Gatun Lake.Dam that created Gatun Lake.

��Digging “Culebra Cut”Digging “Culebra Cut”

��The building of the huge concrete The building of the huge concrete 

locks with steel gates.locks with steel gates.





Gatun Dam on Gatun Dam on 

Chagres River Chagres River 

1907 1907 -- 19131913



Gatun Dam

• Hydraulic Fill Dam (Deep B’rock- no 

masonry dam)

80 ft clayey sand

100 ft marine blue clay

20 ft consolidated gravel



Hydraulic Fill – Landslides 

08/28/1912 

20ft settlement over 800 ft long



Gatun Dam - Landslides
• Original Slopes

– Upstream 3H : 1V

– Downstream 25H : 1V

• Modified to
– Upstream 5H : 1V

– Downstream 10H : 1V

• Slides reduced further
– Downstream 16H : 1 V (30 to 60 ft) 8:1 (60 to 90)

• Shallow Cutoff
• 20 ft wide x 10 ft deep trench backfilled with 

sand/clay





CompletedCompleted dam showing the spillwaydam showing the spillway

105’ High, 7500’ long, 2100’@Base, 100’@Crest, 

23 million yd3

Gatun Lake 164 sq miles = Barbados



Culebra Cut Construction

(canalmuseum.com, 2001)



Bucyrus 
Steam 
Shovel

1906



Culebra Cut 1910



Excavating the Culebra Cut



Excavating the Culebra Cut and the Gatun Dam 







Culebra Cut 1913



Culebra Cut Before and After

BeforeBefore AfterAfter

* 20,000,000 cu. yds. added to excavation due to slides* 20,000,000 cu. yds. added to excavation due to slides

* 25% of  total spoil removed* 25% of  total spoil removed

(canalmuseum.com, 2001)



Engineering Quantities
– USA excavated about 232 million yds3 + 30 

million (French) for a total of 262 million yds.

– French excavated about 78 million yds3, of 
which about 30 million were useful to US

– Post-Construction landslides about 91.5 million 
yds3

– Canal Expansion excavation is 190 million yds3 

(72% of “original canal”)



Locks - Foundations

Lock N. Wall S. Wall

Gatun 1031 ft 

35’ to 70’ Piles

1009 ft

100 ft+ piles

Pedro Miguel 1185 ft – Rock 1200 ft - Rock

Miraflores 1185 ft

Concrete 

Caissons

1200 ft

Rock





LOCKSLOCKS

Filling Gatun locks for the first Filling Gatun locks for the first 
time. 1909 time. 1909 --19131913



Engineering Quantities- Locks

• Building the Canal

– Construction of the locks

• Engineering the locks of 

the Panama Canal was 

among the greatest 

challenges designers 

faced. All lock chambers 

have the same dimensions, 

110 feet by 1,000 feet. 

Construction took four 

years after the first 

concrete was laid at Gatun 

on August 24, 1909. 

• 4.5 Million yd3 concrete



Chart of Expenditures

Total French contribution $287,000,000

U.S. buys all property rights to canal 

from the French 
$40,000,000

U.S. Cost for equipment and 

materials
$312,000,000

U.S. contribution to finish canal
$352,000,000 = 

$7.8 B. (2011)

Total cost to build canal $639,000,000

Note: U.S. came in $23,000,000 under budget.Note: U.S. came in $23,000,000 under budget.

(canalmuseum.com, 2001)





Update on the Update on the 

Panama CanalPanama Canal

Expansion Expansion 

ProgramProgram

Update on the Update on the 

Panama CanalPanama Canal

Expansion Expansion 

ProgramProgram

$5.25 Billion  completion 2015



Draft

12.04 m (39.5’)

Draft

15.2 m (50’)

Actual Locks – Vessel Max: 4,800 TEUs

New Locks – Vessel Max : 12,600 TEUs

33.5m (110’)

12.8m (42’)

55m (180’)

18.3m (60’)

New Locks Dimensions 

TEU = 20 ft Std Container



Deepening and 
Widening of the 
Atlantic Entrance 

Deepening and 
Widening of the 
Atlantic Entrance 

Post-Panamax Locks  -
Atlantic Side

Post-Panamax Locks  -
Atlantic Side

Post-Panamax 
Locks – Pacific Side 
Post-Panamax 

Locks – Pacific Side 

17.9 M m317.9 M m3

Deepening and Widening of 
Gatun Lake’’’’s and Gaillard 
Cut’’’’s Navigational Channels

Access Channel for Post-Panamax Locks - Pacific Side

49 M m3

Deepening and 
Widening of the 
Pacific Entrance 

Deepening and 
Widening of the 
Pacific Entrance 

8.7 M m38.7 M m3

Increasing Gatun Lake’’’’s 
Maximum Operational Level

26.7 m 26.7 m 27.1 m 27.1 m 

Atlantic Ocean 

Pacific Ocean





Atlantic Entrance
(Dredging - 14 M m3 = 18.3 M yd3)
Atlantic Entrance
(Dredging - 14 M m3 = 18.3 M yd3)

1 Contract1 Contract

Width: 225m (740´) ▶▶▶▶Width: 225m (740´) ▶▶▶▶

Atlantic Entrance Deepening and WideningAtlantic Entrance Deepening and Widening



Post Panamax Locks

Atlantic and Pacific Locks

(30 M m3 = 39.2 M yd3 Dry Excavation)

Atlantic and Pacific Locks

(30 M m3 = 39.2 M yd3 Dry Excavation)
1 Contract1 Contract

Gatun LocksGatun Locks

Gatun LakeGatun Lake

Atlantic OceanAtlantic Ocean

New LocksNew Locks

Gatun DamGatun Dam



Three Lock Chambers both Atlantic & Pacific



Operation of Water Saving BasinsOperation of Water Saving Basins

Existing LocksExisting LocksNew LocksNew Locks
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each new lock will use 7% less water 
than the existing locks

With the water saving basins
each new lock will use 7% less water 
than the existing locks

WSB 1
WSB 2 WSB 3





Post Panamax 

Locks

Atlantic and Pacific Locks

(30 M m3 Dry Excavation)

Atlantic and Pacific Locks

(30 M m3 Dry Excavation)
1 Contract1 Contract

Pedro Miguel 
Locks

Pedro Miguel 
Locks

Miraflores 
Locks

Miraflores 
Locks

America’s 
Bridge

America’s 
Bridge

New LocksNew Locks

Centenial 
Bridge

Centenial 
Bridge





Boriquen Dams

N

1E & 2E 4km   1W & 2W 1.4 km





Borinquen Dams30m High, 30m crest, slopes 3H:1V, 1m thick filter zones



East Coast Channel Depths
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The End



Current Profits 
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11 year total = $5.6B



Tolls

• Most Expensive: Disney Magic (2008)

• $331,200

• Least Expensive: Rbt Halliburton (1928)

• $0.36



Toll Increases (2007 – 2011)

• 2007 $54.00 

• 2008 $63.00

• 2009 $72.00

• 2010

• 2011 $74.00

• Cost per TEU = 20 ft Container



Post-Panamax Locks Project

Pacific Access Channel – Phase 4

Atlantic Entrance

Pacific Entrance

Sacyr-Vallehermoso  - Spain

Impregilo  - Italy

Jan De Nul – Belgium

CUSA – Panama

Montgomery Watson Harza - US

Design Construction

ICA - Mexico

FCC  - Spain

MECO – Costa Rica

Jan De Nul - Belgium

Dredging International - Belgium

Main ContractorsMain Contractors


