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ABSTRACT:  One of the world’s greatest engineering achievements, the Panama Canal plays a vital role in 
world shipping. But, eventhough at the time of their construction the dimensions of the existing locks set the 
standard that defined the ‘Panamax’ size container ships and bulk carriers, today’s locks are nearing their 
maximum throughput capacity in spite of all the infrastructure improvements of past decades. To 
accommodate growing traffic demand, particularly by containerships in the route between Northeast Asia 
and ports on the US East Coast, and also to accommodate post-Panamax ships, the Panama Canal has started 
executing its ambitious expansion plan, which is scheduled for completion by 2014. 

 The Panama Canal conducted more than 120 studies that were analyzed and integrated into the decision 
making process to select the most suitable, efficient, and effective alternatives that would enable the 
optimization of the Third Set of Locks Project. The studies for the Panama Canal Capacity Expansion 
Program are described in full in the Panama Canal Master Plan 2005-2025 and in the Proposal for the Canal 
Expansion approved on October 22, 2006 through national referendum. The Master Plan and summaries of 
the most relevant studies can be found at http://www.pancanal.com/eng/plan/index.html. 

The Panama Canal is the country’s main economic asset. The Panama Canal Authority (ACP), the agency 
in charge of administering the waterway, is carrying forward a program to expand the Canal’s throughput 
capacity in terms of vessel number, vessel size and to double cargo capacity. An expanded Canal would be 
the cornerstone on which the long term sustainability of the national economy would be built, guaranteeing 
the continuity of its commitment to serve world trade while promoting the development of an international 
logistics hub in Panama. 

 

1 THE PANAMA CANAL EXPANSION 

 
The Panama Canal Expansion Program involves 

six main projects, mainly: 1) the construction of two 
set of locks at the Atlantic and Pacific ends of the 
Canal; 2) the dry excavation of an access channel 
connecting the Gaillard (Culebra) Cut to the new 
Pacific locks; 3) dredging of the existing 
navigational channels of the Atlantic Ocean 
entrance; 4) dredging of the existing navigational 
channels Pacific Ocean entrance, 5) dredging the 
Gatun Lake and Gaillard Cut fresh water 
navigational channels; and 6) raising the level of 
Gatun lake through modifications to existing land 
based infrastructure. Overall the activities of the 
Expansion Program will span over the 80 kilometers 
of the Panama Canal. 

   The access channel to link the new Pacific 
Locks with Gaillard Cut, the narrowest channel 

section in the Panama Canal, will be about 6.1 
kilometers long. It will require the removal of 47 
million cubic meters of earth and rock and the 
construction of earthen dams. This new channel will 
bypass the present Pedro Miguel Locks, Miraflores 
Lake and Miraflores Locks and will operate at Gatun 
Lake elevation, an average of 26 meters above sea 
level. 

   Work on the Panama Canal Expansion began 
on September 3, 2007 when ground was broken in 
Paraiso Hill highlighting the start of the first of the 
dry excavation work contract awarded to the lowest 
bidder of ten that tendered. The local construction 
firm bid $40.4 million. This first contract of four of 
the Pacific access channel (PAC-1) involves the 
removal of 7.4 Mm³ of earth, road rerouting and 
drainages and the clearing of 146 hectares of 
unexploded ordnance. Progress to date 90%. 

   The second dry excavation contract (PAC-2) 
was awarded in December 2007 to an international 
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firm for $25.8 million. This contract requires 7.5 
Mm³ of earth and rock removal and a 3.5 km 
diversion of a small river and road rerouting and 
drainages as well. Progress 84% to date. 

   The third dry excavation contract (PAC-3) was 
awarded in December 2008 for $36.7 million to 
remove 8.0 Mm³ of material and the clearing of 190 
hectares of unexploded ordnance (UXO’s). Progress 
to date 31%. 

   The fourth dry excavation (PAC-4) tender 
documents for prequalification received in 
September 2009 and are being evaluated. Its design 
indicates a total dry excavation of approximately 27 
Mm³, additional 2.8 Mm³ to fill and construct a 2.3 
Km long earthen dam.   

   The contract for the dredging of the Pacific 
Entrance which encompasses the widening and 
deepening of the navigation channel leading to the 
new locks was awarded in April 2008 for $177 
million. There are approximately 9.1 Mm³ of 
material to be dredged along a 14.3 km of channel. 
The channel has been designed to be a minimum of 
225 meters wide at the prism line and at a minimum 
depth of 15.5 meters at Mean Low Water Springs. 
This project advances in accordance to its schedule 
achieving 46% progress thus far and is expected to 
be completed by September 2012 or earlier. 

   The tender documents for the dredging of the 
Atlantic entrance navigation channel leading to the 
new locks was awarded in September 2009 for $89.6 
million. The contract will encompass 15Mm³ of 
dredging over 13.9 kilometers of channel and 
approximately 0.8 Mm³ of dry excavation. 

   In-house ACP personnel are performing 
dredging work required to adequate the Canal’s 
freshwater inland navigational channels, to date 5.8 
Mm³ of material has been dredged progress 22%. 

 

 
Figure 1 – Map of the Panama Canal expansion program 

 

2 THE THIRD SET OF LOCKS 

The Panma Canal Authority ACP evaluated many 
configurations and technical options to increase 
Canal capacity. After conducting a series of market 
studies the ACP decided to divide Canal trade into 
segments which established different tariffs for the 
commodities transported by the different types of 
vessels passing through the Panama Canal.  Results 
of the studies indicated that containerized cargo 
trade between Northeast Asia and the U.S. East 
Coast showed the highest levels of demand growth. 
Additionally, studies highlighted that in the 
transoceanic routes the trend is to use post-Panamax 
containerships to take advantage of the economies of 
scale which allows them to carry more containers in 
larger vessels. 

    Among the alternatives considered were a sea 
level canal, shiplifts/synchrolifts and different 
channel alignments. Using expert workshops and 
multi-criteria analyses, it was concluded that 
constructing two new sets of locks would be the best 
option, considering initial investment, maintenance, 
environmental impact, and technological risk. 

   Lock configurations of one, two and three sets 
of consecutive chambers were analyzed. The three-
level configuration proved to be the best option 
regarding initial investment, operational efficiency, 
ease of maintenance, environmental impact, and 
water utilization.  

  One set of locks will raise/lower vessels on the 
Atlantic end of the Canal, east of the existing Gatun 
Locks, and the other set of locks will raise/lower 
vessels on the Pacific end, southwest of the existing 
Miraflores Locks. Each facility will be comprised of 
three consecutive lock chambers, which will use 
gravity force to move water to lift the vessels from 
one ocean to an average height of 26 meters at lake 
level and lower them back to ocean level on the 
opposite end. Each chamber will be accompanied by 
three lateral water-saving basins for a total of nine 
water-saving basins per lock.  

   Each lock chamber will be 427 m to 458 m 
long, 55 m wide and 18.3 m deep as a minimum, to 
allow the transit of vessels up to 49 meters in beam, 
and overall length of up to 366 meters and a draft up 
to 15.2 meters in tropical fresh water, which 
corresponds to a 12,000 TEU nominal capacity 
containership loaded with 19 container rows across 
deck.   

   The new locks will also allow the transit of 
Capesize dry-bulk carriers and Suezmax tankers 
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displacing 150,000 to 170,000 tons. These new lock 
dimensions will allow the transit of vessels carrying 
more than twice the cargo currently transported by 
‘Panamax’ vessels.    
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Figure 2 – Comparative Panamax and Post-Panamax vessels 
and locks 

 
The new locks will incorporate proven 

technology used in the operation and maintenance of 
post-Panamax locks in Europe. These new locks will 
also incorporate technology upgrades used in the 
existing Canal such as chamber lighting and satellite 
vessel tracking system.  

   All potential lock gate types were studied and 
narrowed down to sector, miter and rolling gates. It 
was concluded that rolling or horizontal sliding gates 
would be the best option since these are the type of 
gates used in Europe for similar size locks, the gate 
recesses allows for dry dock gate maintenance and 
repair in situ, and require less chamber length. To 
increase system reliability, the rolling gates will be 
placed in pairs at each end of the lock chambers, for 
a total of eight gates per lock. 

   Many existing and potential vessel positioning 
systems were evaluated and compared. The towing 
locomotives presently used at the Panama Canal for 
Panamax size vessels, was not considered 
appropriate to handle post-Panamax vessels because 
of the number -up to 16 locomotives- and capacity –
over 70 tons- required and the increased construction 
costs for lock walls to withstand the forces exerted 
by the locomotives proved unpractical.  

   After having successfully performed a series of 
lockage tests with tugboats in the existing Gatun and 
Miraflores locks, the ACP decided that the new 
Third Set of Locks will use tugboats to position 

vessels during lockages, as used in other post-
Panamax locks in Europe. The Canal will expand its 
existing fleet by acquiring commercially available 
tugs.  

   The water-saving or reutilization basins have 
been used successfully in locks in Germany for 
almost a century. These water-saving basins or pools 
will provide an effective system for reducing water 
usage in the new locks. Different combinations of 
lock steps and number of basins –one to six- were 
analyzed as part of the studies conducted by the 
ACP. The combination of three steps and three 
water-saving basins per chamber yields the best 
relation of water consumption, construction cost, 
and system throughput, while maintaining Gatun 
Lake’s water quality as a fresh water ecosystem with 
water suitable for human consumption. 

 
GUPC Locks Design
Pacific Locks
GUPC Locks Design
Pacific Locks

Figure 3 – Three-step locks with three water-saving basins and 
rolling gates 
 

Water will be moved by gravity to fill and empty 
the lock chambers and water-saving basins. Two 
longitudinal culverts which flow via a central 
connector to a secondary culvert which acts as a 
manifold with 20 side ports open along the bottom 
of each lock chamber wall. The culverts will have 
split culverts with double valves for increased 
system reliability and ease of maintenance.   

   Model tests were conducted by the Consorcio 
Post-Panamax, a Belgium-French consortium, to 
ensure the proper and optimal behavior of the new 
locks filling and emptying system, water slopes in 
the lock chambers, hydraulic performance in the 
culverts, water-saving basins, intakes and discharges 
that make up the system. A tank model navigation 
test was also conducted to assess ship behavior using 
different approach, exit, lock-to-lock, density 
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currents, vessel assistance and maneuverability 
scenarios.  

   The selected contractor will perform the final 
design of the lock filling and emptying system and 
validate the design with its own physical model prior 
to construction. The finished lock will have to meet 
filling and emptying times and performance 
established for final acceptance tests. 

 

Hydraulic System
Upper Chamber
Hydraulic System
Upper Chamber

 
Figure 4 – Third set of locks filling and emptying system 

3 LOCKS CONTRACTOR SELECTION 

On March 3, 2009 three of the four pre-qualified 
worldwide Consortia for the design and construction 
of the Third Set of Locks, submitted bids for this 
element of the Expansion Program. These Consortia 
are formed by top ranked global construction firms.  
The evaluation process was completed and bids were 
opened in July 2009. The selection of the winning 
consortia was be based on a best value concept with 
55% of the weight being assigned to the technical 
proposal and the remaining 45% to the price offered. 

   The design and construction of the two locks 
complexes is expected to take 62 months. This 
project represents the critical path of the Expansion 
Program and all attention focuses on facilitating its 
completion so that operations of the new locks 
system can begin in 2014. 

Puntaje 
Técnico

Puntaje de 
precio

Total de 
puntos

(Máximo 5,500) (Máximo 4,500) (Máximo 10,000)

Bechtel, Taisei 
Mitsubishi Corporation 3789.5 $4,185,983,000 2,980 6,770 

C.A.N.A.L. 3973.5 $5,981,020,333 2,586 6,559 

Grupo Unidos por el 
Canal 4088.5 $3,118,880,001 4,000 8,089 

$3,481,000,000 

Consorcio
Propuesta de precio 

en dólares

Partida Asignada – ACP  
Figure 5 – Result of technical and price evaluation  

 

4 ENVIRONMENT AND FINANCE 

In total, the expansion program will require 
approximately the excavation of some 147 million 
cubic meters of earth and rocks, 1.1 million tons of 
cement, 350,000 metric tons of steel, placing 5.2 
million cubic meters of concrete, 20 million 
kilograms of explosives, 320 million liters of diesel 
fuel, the need of up to 10 dredgers and hundreds of 
large heavy equipment such as loaders, trucks, drills 
and cranes, rock crushers, conveyor systems, and 
batching plants. 

   To carry forward the aggressive schedule, the 
ACP has carried out a corporate organizational 
restructuring that focuses on two main drivers: 
project management and operations. The ACP also, 
immediately upon referendum approval, undertook 
budget preparation and submittal to start work 
without delay, devoted its engineering resources to 
the design of all expansion program projects, except 
for the locks, performed final Environmental Impact 
Assessments, trained its key personnel, developed 
sophisticated project scheduling and document 
controls systems, enhanced its contract/claims 
management processes, hired and developed 
construction safety and industrial hygiene, 
environmental, risk management and legal staff to 
insure it posses the skills, knowledge and 
competence required to manage the expansion 
program. The ACP has also contracted renown 
international firms to assist in critical program areas, 
such as program management, dam and locks 
engineering, physical modeling, financing, legal 
contract counsel, risk assessment and management, 
insurance brokerage, process auditors, 
communications and graphics documentation, and 
environmental audits, among others. 

   Required environmental impact assessments for 
all facets of the expansion program have been 
completed to comply with the requirements of the 
Panama’s National Environmental Authority 
(ANAM) and the Ecuador Principles. The 
environmental plans being executed include wildlife 
rescue and relocation, prospective archeological 
investigations and salvage of any findings, 
mitigation measures, reforestation and 
environmental compensation. 

   The plan studied and selected options to ensure 
adequate quantity and quality of water supply to 
satisfy future water demand, first for human, 
municipal and industrial consumption in the 
watershed area and Panama and Colon metropolitan 
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areas, and secondly for projected water requirements 
to operate the expanded canal with the Third Set of 
Locks.  

   The total program cost to expand the capacity 
of the waterway is estimated at US$5.25 billion. 
About 60% of the funds will be provided by the 
Canal’s ongoing operations. The ACP has secured 
financing for the remaining amount, up to a total of 
$2.3 billion, with five multilateral financing 
agencies. The loans are for 20 years with an initial 
10-year grace period to cover the construction period 
and startup operations. 
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Administration 
Secured Financing for Expansion Program – December 9, 2008
Administration 
Secured Financing for Expansion Program – December 9, 2008

FINANCING: European Investment Bank (EIB) $ 500 M

Japan Bank for International Cooperation (JBIC) $ 80 0 M

Inter-American Development Bank (IDB) $ 400 M

International Finance Corporation (IFC) $ 300 M

Corporación Andina de Fomento (CAF) $ 300 M

Subtotal: $2,300 M

ACP: $ 2,950 M

Total: $ 5,250 M
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 Figure 6 – Financial plan for expansion program 
 

5 IMPACT ON MARITIME TRADE AND 
BENEFITS FOR PANAMA 

The maritime industry is adjusting its fleet to take 
advantage of the new trade routes and increased 
capacity of ship sizes the Third Set of Locks project 
will allow through the Panama Canal. Once the 
Expansion Program is completed it is expected that 
98% of the world’s fleet, by vessel dimensions, will 
be able to fit in the new locks. In particular, at least 
96% of the world’s container vessel fleet will fit 
through the expanded Canal. Moreover, more than 
1,100 of present day post-Panamax container ships 
with capacities between 5,000 and 12,600 TEU’s, 
totaling more than 8 million TEU fleet capacity and 
averaging 8,000 TEU’s per ship, will be able to 
transit through the expanded Panama Canal. 

   U.S. East Coast ports in New York, New 
Jersey, Virginia, South Carolina, Florida, Georgia 
are already implementing plans to expand its 
infrastructure to receive post-Panamax container 
vessels that may transit to and from Asia’s northeast 
ports through the expanded Panama Canal. Main 
improvements include dredging deeper navigation 

channels, increasing berth space, purchasing new 
post-Panamax cranes, and increasing yard, rail and 
road capacities. 

   The Panama Canal is the country’s most 
valuable asset and the expansion program will 
become the driving force that will further spread out 
the economic boom the country is experiencing, 
particularly in a wide range of maritime services and 
port development, to help Panama become the 
maritime hub of the Americas and support the 
growth of maritime trade in the region.  

Due to the magnitude of the expansion project, 
both the ACP and contractors will need to increase 
their labor forces, which will also help to create 
more jobs in the service and related sectors. A 
comprehensive training program to ensure the 
availability of skilled, certified labor for the 
expansion and other ongoing mega-projects in 
Panama has been launched nationwide. 

   The expansion project will generate up to 8,000 
direct employments, of which, by Panamanian law, 
at least 90% must be citizens of Panama. The ACP 
estimates that for each direct expansion job, a further 
five will be created in the service and related sectors, 
therefore more than 40,000 industry jobs may be 
created during the peak of the expansion program 
works. Training of labor is underway in a national 
program to prepare the workforce to ensure the 
quantity and quality of certified personnel is 
available for the expansion and other major projects 
taking place in Panama. 

   With the expansion of the Panama Canal, the 
country is taking advantage of its geographic 
position along one of the main maritime trade routes 
by establishing itself as a logistics center for Latin 
America. In this regard Panama is expanding its 
spectrum of services as a platform for transportation 
and distribution which includes expanding its port 
and railroad installations and supporting businesses. 
Infrastructure investments plans in Panama’s ports 
on both the Pacific and Atlantic ends of the Canal, 
are geared to handle, when completed, more then 8 
million TEU’s, thus making this system of ports the 
leader in container transshipment in Latin America.  

   Numerous maritime services firms and others 
interested in the distribution of their products from 
this advantageous geographical position are 
establishing operations in Panama to benefit from 
the growth of this major hub of the Americas. The 
trans-isthmus railroad is fit to transport some 
500,000 containers each year, and its continuous 
expansion program will allow it to reach 750,000 per 
year at up to 32 daily trains.  



“Innovations in Navigation Lock Design” 
International Workshop, PIANC – Brussels, 15-17 Oct. 2009 

 

PIANC – Brussels  Page 6/6 

Panamanian Copa Airlines, one of the largest in 
Latin America, will offer an air-maritime cargo 
transport option from its operations center at the 
Tocumen international airport, increasing Panama’s 
potential as a distribution platform for time sensitive 
products. 

   Progress of the Third Set of Locks Project may 
be followed in the Panama Canal’s web site: 
www.pancanal.com.   

 

Figure 7 – Work schedule for Panama Canal expansion 
program 
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