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Abstract: 

The Panama Canal provides a safe and expedite passage between the Atlantic and Pacific 

oceans by maintaining its channels at navigational depth. A living Maintenance Program is 

continuously updated and executed in order to remove natural or induced siltation, slides and 

obstructions from the waterways, as a key solution. 

 
1. Introduction: 

The successful completion of the Panama 

Canal in 1914 was a herculean task, 

considering the limited knowledge, 

technology and tools available in those days.  

One of the major undertaking was the dry 

excavation and dredging work through the 

continental divide (Gaillard Cut) of the 

Isthmus of Panama, where mountings of rock 

and earth was excavated.  The channel was 

excavated its entire length through the most 

diversified geological formation imaginable, 

consisting of many varieties of rock that 

required enormous amount of drilling and 

blasting.  

 

                

 

Panama Canal profile  

The continuous bank breaks and slides 

caused a lot of problems and delays during 

the construction and represented a challenge 

over the 100 years of operation of the 

waterway.  
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Dredging equipment – French effort. 

Soon after the inauguration of the Panama 

Canal, slide conditions became most critical 

and caused frequent closures and delays to 

traffic.  The need of an aggressive 

maintenance and improvement plan to 

reduce the risk of slope slides along the 

navigational channel became very evident.  

Besides the effects from slope slides in 

Gaillard Cut, being located in tropical 

rainforest, the navigational channel is also 

affected by floods and accumulated 

sediments, resulting from run off and the 

contribution of rivers and tributaries of 

Miraflores and Gatun Lakes.  

 

 Landslides during construction                                                                
Impact of flooding 

Waterways at Atlantic and Pacific ocean´s 

entrances are subject of tide ranges up to 6 

meters, currents and converging rivers that 

induce a substantial sediment amount. 

The Canal has introduced a lot of 

improvements into the maintenance process 

over the years, including the monitoring and 

prediction of potential slope failures by the 

use of electronic displacement measuring 

systems; the measuring and statistical 

analysis of sedimentation; implementing 

stabilization and erosion control techniques 

and allocating the adequate and sufficient 

resources. 

2. Navigational Channel conditions 

 

a. History 

The initial works for the construction of the 

Panama Canal performed during the French 

period were seriously affected by site and 

environmental conditions, without 

underestimating the selection of the proper 

equipment for this task. Later works by the 

United States also faced difficulties during 

dry excavation and dredging work through 

the continental divide (Gaillard Cut), mainly 

caused by the extreme hard rock found and 

the instability of the slopes. However, these 
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situations were overcome by adequate 

planning of engineering, logistics, and 

sanitation; the use of proper equipment and 

methodology to manage the complex 

geology; control and monitoring processes. 

              

                        

b. Slides:   

Landslides and underwater slope slides 

historically occurred within the narrow 

channel at Gaillard Cut (also known as 

Culebra Cut).   

 

 

Landslides in Gaillard Cut during canal operation 

period 

Since the opening of the Canal, frequent 

landslides urged the Panama Canal 

administration to look for a long-lasting 

solution and after the big slide of 1986 that 

imposed certain level of traffic restriction 

through a portion of the Gaillard Cut, the 

Canal put in place a Landslide Control 

Program that reduced significantly these 

events.  This program included the formation 

of an ACP´s Geotechnical Advisory Board to 

work with our engineers to continuously 

review and optimize the designs of the 

excavation work in the Canal and to improve 

the Landslide Control Program.  Over the 

years, this board added credibility and 

permitted technology transfer to our 

engineers. At present we do not have a slide 

problem in the Panama Canal, most of the 

potential slides are identified in advance; a 

close follow-up is conducted and remedial 

actions are put in place to prevent the event.  
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Registered slides had provided the Panama 

Canal with knowledge that will be beneficial 

for the new channels to be delivered, 

considering their proximity to the steep 

slopes and man-made dams.  Engineering 

and environmental solutions as designs and 

construction of slopes, embankment, 

drainages, and containment walls, in 

conjunction with erosion control techniques 

(hydro-seeding, re-vegetation, rock fill, geo-

membranes, geotextiles, etc.), has been 

used as preventive actions. 

c. Sedimentation:  

Channel maintenance is also focused on 

sedimentation (siltation is also used) along 

the waterway and operational basins due to 

the contributions from run-off of surrounding 

slopes, as well as streams and rivers 

converging the lakes and ocean entrances.  

At the entrances, contributions are increased 

due to movement of sedimentary soil by tide 

currents.   

Sedimentation may represent less 

engineering and removal efforts, but spreads 

over larger areas than slides.  

   

 

Maintenance dredging works to remove 

sediments are programed in accordance to 

the prevailing increase of these contributions 

that reaches an annual rate of 3.4 million 

cubic meters. Some extraordinary heavy 

rains like “La Purísima”  (December, 2010)  

and  “La Niña,  introduce additional volumes 

of sediments, which need to be included in 

the planning. 

d. Critical Lake level: 

 On the other hand, recurrent climate 

changes as the extended dry season named 

“El Niño”, reduces the lakes’ levels to critical 

conditions that require dredging operations to 

mitigate possible traffic restrictions.  

Depending on how critical it is, removal of 

high spots or shoals may also include hard 

materials. 
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Site material at Pedro Miguel Lock approach 

 

 

e. Obstructions:   

Because of the nature of the Panama Canal, 

there is always a possibility for findings of 

wrecks, sunken structures, archeological and 

historical item; aquatic vegetation, artificial 

obstructions and debris that need to be 

removed in order to maintain the navigational 

depths. Floating cranes and salvage 

equipment complement dredging equipment 

fleet for removal operations. 

 

 

f. Traffic:  

Fortunately, over the years the traffic and 

size of vessels through the canal have 

increased, but this benefit introduces 

remarkable challenges: widening and 

deepening existing channels and the creation 

of new channels; additional and upgraded 

aids to navigation to be maintained; and 

physical constraints to perform dredging and 

transiting operations simultaneously.  As part 

of our mission of keeping a clear channel for 

transiting vessels, the Panama Canal must 

assist them in case of problems and 

emergencies that may obstruct the canal or 

delay the planned traffic. 
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Dredging operations with traffic – Gaillard Cut 

 

Clearing vessel aground close to the navigational 

channel 

 

g. Coverage: 

A new challenge is in sight upon the 

completion of the Canal Expansion Program 

planned to be delivered on the second 

quarter of year 2016 due to the increase of 

38% (from 23.4 to 32.2 Million square 

meters) in navigational channels, not only in 

regards to slides and sedimentation to be 

removed, but for the change in number and 

size of transiting vessels.   

 
Construction of the Borinquen Dam between both 

channels 

 

 
 

North Approach Channel to the Third Set of Locks and 

Gatun Locks (Atlantic Side) 

 

 

3. Methodology:  

In 1936 Dredging Division was strategically 

located at Gamboa Town, just north of the 

Gaillard Cut; from this position it is able to 

provide an immediate dredging service in 

case of unexpected situations in the Gatún 

Lake and the Gaillard Cut. 
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a. Engineering: 

For the existing navigational channels, 

engineering evaluation from Panama Canal 

Authority is complemented with installation of 

high technique controls and monitoring 

systems to prevent landslides and to register 

soil movements.  Even though, Panama has 

a little seismic activity, our engineering units 

manage seismographic devices and 

registers.  Geotechnical studies and 

exploration campaigns are regularly 

performed to identify instability risks and soil 

characteristics. 

 

 

Hydrographic or bathymetric surveys are 

planned and conducted in a programed basis 

in order to determine sedimentation rates 

and levels; high spots or shoal above 

navigational depths; detect underwater slides 

and obstructions, which are needed for 

planning and follow up of maintenance plan. 

  

 

Hydrographic survey charts and cross section 

Regarding new projects, a complete design 

is prepared based on geological information, 

channel needs and equipment to be used.  

Implementation of mitigating engineering and 

operational solutions are included as part of 

the design side slopes, embankments, 

drainages; channel widths, depths, 

submerged slopes, and tolerances; disposal 

sites; and erosion control barriers. 
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Embankment and slopes – Gaillard Cut 

 

Erosion control at Mamei Curve 

b. Environmental:  

Socio-environmental activities to maintain the 

surrounding forest and water bodies, and to 

preserve slopes supports the engineering 

design and dredging operations.  

Reforestation program, hydro-seeding, re-

vegetation and siltation controls are included 

as part of excavation and dredging project. 

c. Operations: 

Excavation and dredging works to maintain 

the navigational channels are performed by 

mainly by the Panama Canal Authority, and 

in some cases, supported by contractors in 

the ocean entrances. 

 

               Panama Canal dredges   

    Contractor 

The Panama Canal possess a diverse list of 

land-based and floating equipment in the 

way to become self-sufficient.  

Most of the operations including dredging are 

conducted during the 24 hours, 7 days a 

week for the whole year. 
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Drilling boulder on board the mechanical dredge 

Owned heavy duty land-based equipment is 

used for earthworks including dry excavation, 

land-dredging; access and hauling roads 

construction; inland disposal site preparation 

and disposal operations and erosion control 

barriers.  

Land drilling and blasting equipment, 

explosive and detonating materials, as well 

as support equipment are designated to hard 

rock areas.  Recently, new drills were 

introduced to the existing equipment to face 

new projects. 

In regards to floating equipment, the Panama 

Canal has without doubt one of the largest 

fleet and experienced personnel in the 

region, consisting of:  

 Two mechanical dredges, bucket type 

(dipper dredge and backhoe).  

 Two cutter suction dredges 

 Two drilling and blasting barges. 

 Two floating cranes 

 Crane Boat 

 Tug boats (for traffic and dredging 

operations) 

 Split hopper barges and load barges 

 Pusher boats 

 Hydrographic survey launches, work 

launches, passenger launches, 

pollution control launches 

 Salvage; fuel and water barges 

Regarding slides and sedimentation, soft 

soils and sediments are removed by using 

cutter suctions dredges, which transport 

these materials through land and floating 

pipelines to the disposal sites.    

 

Cutter Suction Dredges  

For fragmented materials and boulders, 

mechanical dredges are selected as the best 

choice.  Cutter Suction dredges can also be 

used for fragmented and hard soil.   Hard 

rock soil layers and boulders that, due to its 

hardness, require to be fragmented, the use 

of the drilling and blasting barges will be the 

solution prior to commence dredging 

operations.  In some cases when deeper 

zones of the channel are available and in 

order to prioritize dredges, the use of a bed 
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leveling equipment (plow) is an option to 

spread high spots or shoals. 

    

 

Mechanical dredges 

For channel widening and deepening 

projects and for new channel or operational 

areas, after completing the designs, 

planning, coordination within the Panama 

Canal Authority and stakeholders and all 

preparatory site works, dry excavation and 

disposal site preparation start. This phase 

may include drilling and blasting campaign 

on land and land-dredging.  Once this phase 

releases areas for subaquatic works, 

dredging, as well as underwater drilling and 

blasting operations are conducted.   

 

Drilling and blasting barge Barú at Gaillard Cut 

Some of these maintenance work are 

combined with channel improvements to 

optimize the use of the dredging equipment 

and to minimize the impact to canal traffic.  

This simultaneous works, eventually allows 

for outsourcing opportunities reach our goal 

and to guarantee an optimum service to the 

worldwide maritime industry. 

A good example of this is the present 

ongoing Canal Expansion Program, where 

the dredging work consisted of the 

deepening and widening of the channel.  

This capital investment program was 

combined with our regular maintenance 

dredging program in order to remove the 

accumulated sediments in the channel as we 

performed the deepening and widening 

activity. 

The Panama Canal has become one of the 

world’s greatest route of trade.  Once the 

Canal Expansion Project is completed, this 

position in the global trade market will be 

enhanced. The continuous maintenance and 

improvements to the Panama Canal 
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navigational channel is important to 

guarantee this position in the world trade 

market by means of providing a safe and 

reliable traffic through the waterway.  

Excavated and dredged materials are 

disposed in predesignated areas, inland or 

open water disposal sites. 

     

 

Inland Disposal sites 

A timely and continue communication and 

coordination are required when conducting 

transiting and dredging operations in order to 

maintain a safe and uninterrupted traffic. 

Engineering resources are allocated for both, 

maintenance and investment projects.  Initial, 

follow-up, progress control and final 

inspections and surveys are part of the daily 

activity. 

A complete set of aids to navigation including 

buoys, range or alignment towers, 

lighthouses and bank lights illuminates and 

signalize channels and operational areas.  A 

continue maintenance and surveillance of 

these aids to navigation directly contribute 

with a safe and expedite transit.  This 

maintenance is performed by floating cranes, 

crane boats and aids to navigation launches. 

 

 

 

Floating Crane Goliath and Launch Pharos – 

bouys´maintenance 

The relevancy of transiting the Panama 

Canal locks at Miraflores, Pedro Miguel and 

Gatún, and soon through the Third Set of 

Locks at Cocoli and Agua Clara, requires a 
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complex and continuous maintenance 

program to guarantee a safe passage.   

 

 

 

 

 

 


