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ABSTRACT: The Canal del Dique system is located in the North of Colombia. Large scale rectification and 
enlargements of the cross section in the mid 80’s have resulted in a gradual enlargement of the flow 
capacity of the canal, leading to major environmental and social problems. This paper presents the integral 
solution for the environmental restoration of the eco-system of Canal del Dique. The following elements are 
taken into consideration: historical development of the canal (chapter 1); ecological restoration (chapter 2); multi-

purpose use of the canal (chapter 3); strategy to rehabilitate the system (chapter 4); the integral solution (chapter 

5); the required regulation structures and river training works (chapter 6) and a detailed description of the 

navigation lock at Calamar (chapter 7). 

 

1 HISTORICAL DEVELOPMENT 

The Canal del Dique is a man-made connection 
between the Río Magdalena and the Caribbean Sea 
near Cartagena in Colombia initiated in 1650. Figure 
1 illustrates that Canal del Dique is not just a canal. 
It is a system of interconnected water bodies 
(known as ciénagas); the ciénagas drain into the 
canal via small canals (known as caños). 

 
In old times, the Canal del Dique valley was just 

a flood plane of the Rio Magdalena. Seasonal 
fluctuations in river flows transformed the valley, 
from a cascade of isolated ciénagas in the dry 
season to one large water body in the wet season. 
The downstream part of the valley was a tidal salt 
water lagoon, in open connection with the sea, 
temporarily closed off by sand bars. The salt water 
is still found in the deep aquifers, and wells up in 
times of drought. 

 
In the 17th and 18th century connections 

between ciénagas were created, starting 
downstream. At a certain moment in the past, a 
permanent connection with the Rio Magdalena was 
created; this leads to permanent inflow of water and 
sediment into the Canal del Dique and outflow into 
the bays of the Caribbean Sea. In the 17th century, 
the canal had a more or less meandering pattern. 
Large scale works in the 20th century cut out most 
of the meander bends, creating a nearly straight, 
prismatic canal for navigation purposes. 

 
 
Due to human intervention a number of ciénagas 
were isolated from the canal by a lockable weir; this 
area is known as reservoir Guajaro. 
 

The last large construction works were finished in 
1984, during which 43 river bends in the canal were 
cut off, reducing the total length of the canal from 
about 152 to 117 km. As a result, the discharge 
through the Canal increased significantly including 
high amounts of sediments (8.0 million ton in an 
average year). Deposition of sediment in the canal, 
the ciénagas and in the bays of Cartagena and 
Barbacoas led to ecological deterioration and high 
dredging costs. 
 

In December 2010, dikes along the Canal did 
breach resulting in an inundation of 35,000 ha of 
land and rendering thousands of people homeless. 
This disaster forms the trigger for this project and is 
one of the objectives for development of an integral 
solution. 

2 ECOLOGICAL RESTORATION 

The restoration of the Canal del Dique system 
aims to solve various problems. The problems are a 
result of social developments in the system as well 
as developments that are related to reconstruction 
of the canal after 1984 (Consorcio Dique, 2015f). 
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2.1 Rehabilitation of the coastal area 

The coastal area has been affected by the 
permanent outflow of river water into the bays of 
Cartagena and Barbacoas. The restoration of the 
coastal system aims to stop the following 
tendencies in the bays: 

 Sedimentation and desalination of the bay of 
Cartagena and Barbacoas due to the supply of 
an excessive amount of river water by the canal. 
This has a negative impact on the flora and 
fauna in the bay and on tourism (brown-colored 
water); 

 Further degradation of the reefs of Islas del 
Rosario and Islas del Bernardo due to river 
water in the bays. 

2.2 Maintaining diversity in the delta area 

The delta area has evolved as a result of the 
gradual filling of the delta with sediments-rich water 
from the canal. What used to be a salt water lagoon 
has become a fresh water dominated delta (see 
Figure 2). Due to the sedimentation of the delta, 
large areas have become suitable for agricultural 

 
 use, which also has enabled the settlement of small 
villages on the higher grounds. People living in the 
delta are adapted to flooding and even rely on 
flooding for the watering of their fields. 
 

The delta area accommodates a variety of rare 
species, such as mangroves and corchales. 
Corchales grow in the southern part of the delta. To 
protect the corchales, this area is designated as a 
national park. Corchales can grow and survive in 
water and soil with a salinity of less than 5 g/l. 
Corchales require fresh water, and only accept 
saline water for a short period of time (10 days in a 
row). 

2.3 Restoration of the ciénagas 

In the present situation, the ciénagas are 
interconnected by small or large caños. On the 
downstream part of the water system these clusters 
of ciénagas (e.g. La Luisa / Atascosa / El Tambo) 
are connected to the Canal del Dique via caños. 
During low and medium high water the ciénagas 
slowly empty and fill through these caños as a result 

 
Figure 1: Overview hydraulic behavior of the Canal del Dique system during high water. 
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of water level fluctuations in the canal. In the wet 
season the ciénagas completely flood and 
sometimes act as a flood bypass, if not blocked by 
infrastructure (Consorcio Dique, 2015i). 
 

The restoration of the ciénagas aims to improve 
the eco-system of the ciénagas by: 

 Restoring the interconnection between the 
ciénagas and between the ciénagas and the 
canal in periods of extreme discharge, with the 
purpose to enhance fish migration; 

 Isolating the ciénagas from the canal in periods 
of low discharges to maintain water in the 
ciénagas; 

 Improving the water quality in the ciénagas by 
enlarging the flushing capacity and by improving 
the water circulation through the system of 
ciénagas in the wet season. 

3 MULTI-PURPOSE USE OF THE CANAL 

This chapter gives an overview of the multi-
purpose use of the canal. Fresh water availability is 
essential to provide the area of drinking water, 
irrigation water, water for industrial use and provide 
sufficient water depth for inland waterway transport. 
Both natural and artificial use of the delta areas is 
vulnerable and sensitive to fluctuations in water 
salinity, therefore it is important to control the salt 
intrusion in the delta areas. 

3.1 Water consumption 

In the Canal del Dique area fresh water of the 
canal is used for drinking water, irrigation, industrial 

use and also for aquaculture. Cartagena, a major 
city along the coast of Colombia, is also using water 
from the canal for drinking water and industrial use. 
To meet de water demand a minimum discharge of 
29 m3/s is needed at present and 75 m3/s in year 
2030 (Consorcio Dique, 2015b). 

3.2 Inland waterway transport 

The dimensions of the design convoy for the Rio 
Magdalena are 210m x 26m and 232m x 32m in the 
Canal del Dique (one push boat with a length of 3 
barges and 2 barges wide). The water depth in the 
canal should be sufficient to allow navigating a ship 
with a draught of 1.9 meter (6 feet). Other limiting 
conditions for navigation are width of the channel 
and curvature of the bends. To achieve the 
minimum channel dimensions, dredging and 
excavations of the banks of the canal is required. 
The stability and integrity of the banks due to ship 
induced loads on the canal's banks is an area of 

concern. As part of the navigation works, vital areas, 
sensitive to erosion, will be protected (Consorcio 
Dique, 2015a). 

3.3 Salt intrusion 

The salt intrusion is expected to protrude inland 
under influence of climate change and tidal flow. 
Vertical stratification as a result of density 
differences between fresh river water and salt sea 
water results in the formation of a salt wedge that 
moves upstream and downstream under influence 
of variations in canal discharge. The intrusion length 
of the salt wedge is often reflected by the existence 

 
Figure 2: Effect of outflow of river water in the coastal area on sediment concentration (left), salinity 
(middle) and temperature (right) based on modelling results in which extreme conditions are simulated. 
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of salt tolerant species in the most downstream 
areas of the delta and gradual transition towards 
fresh water species at a safe distance from the salt 
wedge. Though, both natural and artificial use of the 
delta areas is vulnerable and sensitive to 
fluctuations in water salinity. To ensure availability 
of fresh water to 1.5 million people and to protect 
the corchales in the southern part of the delta the 
salt intrusion length should be restricted (Consorcio 
Dique, 2015c). 

3.4 Fishery 

The communities in the Canal Del Dique area 
depend for their livelihood on agriculture and 
fisheries. Increasing the fish population by 
improving the water quality and productivity in the 
ciénagas will enhance their lives. 

4 STRATEGY TO REHABILITATE THE 
SYSTEM 

The long-term vision for an integral solution of 
Canal del Dique consists of various measures in the 
water system. Some measures focus on 
improvements in the terrestrial part of the system 
and some measures are more efficient to improve 
the marine part of the system. Three strategies have 
been developed: (1) reduction of the discharge 
flowing through the canal, (2) redistribution of the 
water flowing out of the canal into the sea and (3) 
restoration of the system of ciénagas; each focusing 

on a specific part of the basin (Consorcio Dique, 
2015f). 

4.1 Assessment of the current system and the 
impacts of the formulated measures in Canal 
del Dique based on field surveys and 
modeling studies 

An extensive data collection has been conducted: 

 Topography (LIDAR) and bathymetry surveys 
(December and January 2014); 

 Water levels measurements along the canal and 
in the ciénagas (since March 2014); 

 Hydrographic surveys (measurement of 
discharge and sediment fluxes) in March, May 
and November 2014 based on latest 
technologies (ADCP and OBS); 

 Water quality surveys in 2014. 
 

Based on the collected data sophisticated 
(hydraulic) models are developed, calibrated and 

validated to develop strategies to rehabilitate the 
system: 

 1D2D hydrodynamic model of Canal Del Dique 
system. The model represents the water levels, 
discharges in the canal and connected ciénagas. 
With the model it is possible to compute the salt 
intrusion length in the delta and compute water 
levels on the Rio Magdalena; 

 2D offtake model of the bifurcation point of Río 
Magdalena – Canal Del Dique. This model is 
developed to gain insight in detailed flow patterns 
and sediment processes at the intake and to 
develop flow patterns as input for ship 
maneuvering studies at the bifurcation; 

 Suspended sediment model. This model is 
developed to analyze sediment concentrations, 
sedimentation and erosion processes in the 
Canal del Dique system; 

 Water quality model. This model is developed to 
determine the water quality in the ciénagas. 

 3D Coastal model. This model is developed to 
analyze spatial and temporal changes in the 
salinity, temperature, sedimentation and 
sediment concentrations in the coastal area (see 
Figure 2). 

4.2 Strategy 1: Reduction 

A straightforward strategy is to reduce the 
amount of water which is flowing from the Rio 
Magdalena into the canal. Due to this intervention in 
the upper part of the system less fresh and 
sediment-rich water flows into the coastal area. The 
impact of this intervention has positive (lower flood 
risk, less water in the bays) and negative (less 
flushing of the ciénagas) consequences. In order to 
achieve an optimum, three levels of reduction are 
distinguished: (1) peak flow; (2) seasonal and (3) 
base flow reduction. Various model simulations 
have shown that this strategy is effective (Consorcio 
Dique, 2015d and 2015e). 
 

Peak flow reduction: cutting off the peak 
discharge in the canal. The extent in which the peak 
discharge could be reduced is limited by the 
following factors: 

 Flood risk of areas along the canal (risk of dike 
failure, overtopping of river banks); 

 Navigation: under extreme flow conditions, 
navigation from the Rio Magdalena into the 
canal can cause nautical difficulties due to large 
cross currents; 
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Seasonal reduction: the peak discharge only 
occurs occasionally (a few times a year). Therefore 
it is more effective to reduce the inflow periodically 
when the water demand in Canal del Dique is 
relative low. The amount of water needed for the 
following items are mainly determined by the 
season: 

 Water supply to ciénagas for refreshing, fish 
migration and flushing of water hyacinth; 

 Water supply for reservoir Guájaro. 
 

Base flow reduction: the base flow is the 
minimum flow to be maintained to meet the water 
demand in Canal del Dique area. During certain 
periods of the year, it is possible to maintain this 
minimum flow. The minimum required base flow is 
determined by the following factors: 

 Fresh water base flow to prevent salt water 
intrusion in the delta; 

 A minimum flow that is needed to obtain 
sufficient water depth for navigation; 

 Water supply to reservoir Juan Gomez. 

4.3 Strategy 2: Redistribution 

Redistribution of water in the system aims to 
divert fresh and sediment-rich water to a certain 
parts of the coastal area, where it causes fewer 
problems or even improves the environment. 
 

To prevent fresh and sediment-rich water to enter 
de bay of Cartagena, model computations are 
carried out in which the water is diverted from 
Pasacaballos to the southern delta area by creating 
a gate near Puerto Badel (see Figure 4). In this 
case the water from the canal is diverted to the sea 
through a new connection between the canal and 
ciénaga Honda, from where it can flow to the outlet 
Boca Cerrada. Another option is to divert the water 
through caño Correa directly to the sea. 
 

The measures descripted above are not feasible 
on their own. In case that most of the water is 
discharged through Boca Cerrada and caño Correa, 
it will have a negative impact on the bay of 
Barbacoas. In this scenario the delta area will be 
prone to extreme flooding the whole year long. This 
has a big impact on the life of the people living in 
the delta and affects the daily fresh-salt water 
dynamics (mangroves). In this scenario the “natural” 
peak discharge may be so extreme that the Islas de 
Rosario will be exposed to river water, creating an 
undesirable situation. 

Although redistribution by itself is not a feasible 
option, this strategy is the most promising in 
combination with the strategy reduction (paragraph 
4.2). 

4.4 Strategy 3: Restoration of system of 
ciénagas 

The following measures will be implemented to 
improve the eco-system of the ciénagas. 

 Closure of caños: to avoid emptying of the 
ciénagas, the caños in use will be closed. This 
can be realized by a control gate or a full closure. 
A control gate leaves open the possibility to drain 
the ciénaga; 

 In- and outflow sections: due to the presence of 
dikes along the Canal del Dique, exchange of 
water from the canal to the ciénagas is limited to 
flow through the caños and bank overflow of the 
lower bank sections. To restore the cascade of 
isolated ciénagas, in- and outflow sections will be 
constructed to create lockable connections 
between the canal and the ciénagas. Crest level 
and width of these sections define the water 
levels in the ciénagas and the amount of water 
flowing in and out of the ciénaga; 

 Connections between ciénagas: by removing 
existing obstacles or creating connections a flow 
between the ciénagas can be achieved. 

5 INTEGRAL SOLUTION 

The integral solution is derived from the 
strategies explained in Chapter 4. The integral 
solution is based on the positive effects of the 
strategy “redistribution” and “reduction”. The integral 
solution aims to reduce the inflow of water at the 
entrance of the canal and redistribute the remaining 
water to the delta in such a way that the bays of 
Barbacoas and Cartagena are being safeguard from 
river water. Reduction of the inflow is realized 
without infringing the ecological productivity and 
functioning of the ciénagas and the water demand 
of the Canal del Dique area (Consorcio Dique, 
2015f). 
 

The main measures of the integral solution 
consist of two gates in the canal with accompanying 
ship locks (see Figure 3 and 4): 

 KM 3.2 – Calamar: gates to be constructed near 
the entrance of the canal to reduce and control 
the inflow of water in the Canal del Dique system. 
The gates (flow capacity of about 900 m3/s) are 
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accompanied by a large ship lock to allow 
navigation of the canal to continue; 

 KM 95 – Puerto Badel: a gate to prevent water 
flowing towards the bay of Cartagena and 
Barbacoas. The river water is diverted through 
caño Correa, caño Palotal and as overland flow 
through the delta to the sea. The gate is 
accompanied with a large ship lock to allow ships 
to pass the gate. Also a dike shall be constructed 
between the village of Puerto Badel to avoid 
outflow of river water into the bays of Cartagena 
and Barbacoas. 

 

 
Figure 3: Entrance of Canal del Dique with the gates 
at Calamar (KM 3.2) 

5.1 Operation of the gates at Calamar 

The gate at Calamar (KM3.2) will limit the 
amount of water entering Canal Del Dique and 
control water levels in the system. Figure 5 shows 
how the water levels just downstream of the gate 
would have been controlled in the year 2005 (this is 
considered to be an average year). In this scenario 
the strategy focuses on reduction (paragraph 4.1). 

 Base flow (1.83 msnm): this water level is 
normally 95% of the time exceeded. The base 
flow is sufficient to allow navigation in the canal; 

 Medium high peak (5.0-6.0 msnm): halfway 
through the year the water level in the reservoir 
Guajaro will be raised to around 4.5 msnm. At 
the end of the year even higher to 4.5 - 5.2 msnm 
(depending on expected rainfall in the river 
basin). If possible a medium peak will be allowed 
into the system to (partly) fill Guajaro;  

 High peak (7.0 msnm): during this high peak, 
water levels along the Canal are high enough to 
enter into the ciénagas (with sufficient water 

depth). To refresh the total water volume in the 
ciénagas 2-3 times and to allow fish migration the 
peak last maximum 50 days. 

 

 
Figure 4: Location of the gate at Puerto Badel (KM 
95) 
 

Figure 6 shows the discharges which are needed 
to reach the desired water levels in the canal. Due 
to the reduced discharge, the total discharge into 
the Canal Del Dique system is cut down by 50-60%. 
The inflow of sediment at Calamar is reduced by the 
same percentage. 
 

 
Figure 5: Water levels at Incora (KM7.0) just 
downstream of the proposed gate at Calamar in the 
present situation (red line) and in the preferred 
solution (blue line). 
 

Every year the hydrograph is different, as a 
consequence the timing and the duration of the 
medium high and high peaks are variable. In a dry 
year the water levels on the Río Magdalena will not 
be sufficient to provide a high peak into the Canal 
del Dique system. While an extreme wet year gives 
the possibility to feed the system with two high 
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peaks, to flush the ciénagas and allow more fish 
migration. 
 

 
Figure 6: Discharge entering the Canal del Dique in 
the present situation (red line) and in the preferred 
solution (blue line). 

5.2 Operation of the gate at Puerto Badel 

To prevent outflow of river water into the bay of 
Cartagena and Barbacoas the gate at Puerto Badel 
will be closed. Due to the back water effect of the 
closure at Puerto Badel, water will flow via caño 
Correa and as overland flow to the delta. The 
continuous flow of water through caño Correa and 
the delta area will restrict the intrusion length and 
protect corchales in the southern part of the delta. 
 

From an ecological perspective it is 
recommended to decrease the amount of flow and 
sediment through the gate of Puerto Badel gradually 
to zero in time. During a period of one year or even 
several years the flow of fresh water will be 
decreased through the gate at Puerto Badel. 
Closing the gate in a short period of time will lead to 
hypersalinisation of the area downstream of Puerto 
Badel. The mangroves on the downstream part of 
Puerto Badel need time to adapt. A monitoring 
program will be established to determine the 
required adaptation period. 

6 REGULATION STRUCTURES AND RIVER 
TRAINING WORKS 

6.1 Entrance at Calamar 

One of the objectives of the Canal del Dique 
project is to optimize the canal for navigation. One 
of the measures for this optimization is to make it 
possible for convoys to enter and leave the canal in 
a safe and smooth manner. A convoy consists of a 
push boat and barges. The existing entrance of the 
canal is in extreme circumstances (high water levels 

and high currents on the Rio Magdalena) too narrow 
for convoys to sail safely in to the canal in one 
piece. 
 

It is estimated that entering the canal from the 
upstream part is the most difficult maneuvering 
action. To make this move possible with a complete 
convoy, it is considered to widen the entrance at the 
downstream part.  
 

  
Figure 7: Real time test with design convoy 
 
A real time test with a design convoy has been 
conducted (see Figure 7). It appeared that in the 
present situation it is possible to sail into the canal 
without navigational problems. For more extreme 
circumstances, entering of the canal is more difficult 
because of the relatively high stream velocities on 
the Rio Magdalena (2.5 m/s).  
 
When a ship makes the turn, it has to maneuver 
while the bow of the ship enters the canal, where 
the cross currents are zero and the longitudinal 
current is 0 to 1 m/s. Meanwhile, the ship’s stern 
has the tendency get caught in the Magdalena’s 
current and the back of the ship will move further 
downstream. When the ship is partly travelling 
against the current it is sufficiently maneuverable 
and can proceed to enter the canal. With two 
dimensional stream velocity calculations it has to be 
estimated further how exactly the stream velocities 
are affecting the ship movements and the room 
which is needed for the ships. A first estimate is that 
the entrance has to be widened slightly. 
 

Another important move is when the ship leaves 
the canal and goes further upstream in the direction 
of Barrancabermeja. In this case the ship has to turn 
right and travel against the current. The ship needs 
enough room to develop sufficient velocity and has 
to give enough rudder to steer board to get a right 
position on the river. 
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Two other maneuvers, when the ship is leaving 
the canal and heads in the downstream direction or 
going in to the canal from downstream direction are 
not normative for the lay out of the entrance. 

6.2 Lock-control gate complex in Calamar 

In Calamar the following works have been 
planned: control gates (paragraph 6.2.1), a 
navigation lock (paragraph 6.2.2) and a fish pass 
(paragraph 6.2.3). 

6.2.1 Control gate 

The gate’s main function is separating water 
regimes of the Rio Magdalena and the canal and to 
be able to control inflow and water levels on the 
canal. 
 

 
Figure 9: Lock-control gate at Calamar 
 

The structure must be able to cope with the 
variation in water levels on the Rio Magdalena, 1.5 
to 10 m (1/100 year return period, including climate 
change), as well as retain a maximum water 
difference in water level 8 m (9.5 to 2.1 m). The 
structure must be capable of providing the following 
range in discharges: a minimum of 55 m3/s and a 

maximum of 1000-1100 m3/s. This must be done 
within acceptable hydraulic losses. These are 5-10 
cm over the whole range of discharges with a 
maximum of 20 cm. To supply these discharges to 
the canal three gates are required (see Figure 9). 
 

Various types of doors are under consideration. 
At this stage, the use of a vertical lift gate assumed. 
To quickly reduce flow velocities behind the 
structure, an energy dissipation pool is included. A 
significant amount of scour protection will be 
required to protect the bottom from the highly 
turbulent conditions around the control gate. 

6.2.2 Navigation lock 

The navigation lock will allow navigation of the 
canal to continue despite the presence of the control 
gates. In order to accommodate the design convoy, 
the lock chamber will be 250 x 33.5 m. For the 
dimensions and layout of the lock refer to Figure 8. 
The same hydraulic boundary conditions apply as 
for the control gate. The sill level is -1 msnm and the 
maximum retaining height is +10 msnm. 

 
For the lock different types of gate have been 

considered. Based on a multi-criteria analysis in 
which costs, robustness and technical feasibility 
played an important role, a vertical gate has been 
considered as favorable. For the lock chamber 
vertical walls have been considered and a gravity 
flow leveling system is assumed. Leveling can be 
achieved in well under 30 minutes. Floating fenders 
are considered in the waiting/line-up areas. The 
funnel consists of a sheet pile wall lined with 
wooden beams. 
 

Two design convoys are able to more at the 
waiting area. The bottom of the lock chamber and 

 
Figure 8: Lock-control gate complex at Calamar 
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the funnels will be provided with adequate bottom 
protection. 
 

6.2.3 Fish passage 

Allowing fish migration past the water 
management and navigational works is vital. A fish 
way is planned to achieve this (see Figure 8). It will 
have a working range of 4 to 6 msnm on the Rio 
Magdalena (first assumption, roughly based on 
biological inventarisation and preliminary water 
management figures), and a tail water level on the 
canal of +2.0 msnm and higher. It is to be a 
technical fish way with a vertical slot design (see 
Figure 11). Resting pools are included (Consorcio 
Dique, 2015h). 

 
Figure 11: Diagrammatic example of a vertical slot 
pass with two slots (D’Enno, et al, 2002). 

6.3 Works in Puerto Badel 

In Puerto Badel the following works have been 
planned: a control gate (paragraph 6.3.1) and 
navigation lock (paragraph 6.3.2). 

6.3.1 Control gate 

A control gate is built near Puerto Badel, this to 
enhance water management by creating 
compartments on the canal. The gate’s main 
purpose is to separate water regimes of the upper 
and lower stretches of the canal and to be able to 
control discharge and water levels on the canal. 

Water levels on the upper pound vary from +0.5 to 
+2.5 msnm, on the lower pound the range is +0.3 to 
1.0 msnm, with an estimated extreme low water 
level of -0.6 msnm. Water is in the first year(s) 
discharged to reverse salt intrusion. After a certain 
period the mangroves will be adapted to the salt 
environment and discharge of fresh water can be 
limited to zero. It will require one gate (see Figure 
10). 
 

Various types of doors have been considered In 
this case, where the discharge has to be controlled 
and the structure is sensible for sediments and 
floating trees, the use of a vertical lift gate has been 
considered as the most robust and technically 
feasible type of structure. For the location of Puerto 
Badel the necessary discharges are limited and the 
width of the structure is 10 m. The stream velocities 
are less extreme than on the location of Calamar. It 
is therefore estimated, that no additional structures 
has to be realized for energy dissipation. Scour 
protection is required in the downstream part of the 
structure. 

6.3.2 Navigation lock 

To maintain navigation in spite of the above 
mentioned control gate, a navigation lock similar to 
the one in Calamar is to be built (see Figure 10). 
Operating water levels are different to those in 
Calamar; they are the same as for the control gate 
in the Puerto Badel complex. This structure will 
therefore retain water up to +3.0 msnm. The sill 
level is set at -3.2 msnm. To accommodate the 
design convoy, lock chamber dimensions are set at 
35 x 250 m (Consorcio Dique, 2015g). 

6.4 Construction works for ciénagas 

The construction works for the ciénagas are 
mainly limited to lowering dike sections along 50-
200 meter. At some locations dikes need to be 

 
Figure 10: Lock-control gate complex at Puerto Badel 
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constructed or reinforced to prevent emptying of the 
ciénagas and/or prevent flooding of villages. 
 

For some small ciénagas the water levels on the 
Canal will exceed the maximum flood levels in the 
ciénagas. Small controllable gates will be used to 
control the water levels in these ciénagas. 
 

In the preferred solution the conceptual design of 
required measures are determined per ciénaga. To 
be elaborated in the detailed design phase (second 
half year of 2015) in consultation with the local 
stakeholders. 

6.5 Protection works canal 

The projected increase in navigation intensity will 
result in an increase of ship induced loads on the 
canal’s banks. The stability and integrity of the 
banks is already an area of concern and locals are 
taking (often ineffective) measures to protect the 
shores. 
 

As part of the navigation works, vital areas, 
sensitive to erosion, will be protected. These areas 
are: 

 Canal side villages; 

 Vital infrastructure (bridges, pump houses, etc.); 

 Mooring / docking facilities, including those for 
smaller vessels; 

 Bends affected by propeller wash loads; 

 Stretches of flood protection, i.e. dikes, too close 
to the canal banks; 

 Passing lanes exposed to loads resulting from 
two way traffic. 

 
Protecting the entire length of the canal is not 

financially feasible and thus bank protection will 
largely remain a local responsibility. Protection will 
be achieved with a revetment consisting of 
geotextile covered with rocks with a so called falling 
apron to secure the toe of the protection (Consorcio 
Dique, 2015h). 

7 DETAILED DESCRIPTION OF THE LOCK 
AT CALAMAR 

7.1 Navigation lock and associated facilities 

The navigation lock complex at Calamar consists 
of a lock chamber with lock heads and a holding 
basin in front of the lock heads. The dimensions of 
the lock and the elements in the holding basin are 

based on the design convoy. The design convoy 
consists of a push boat (with dimensions 40 x 15 m) 
and 6 barges with dimensions 61 m x 16 m. The 
total length x width (Length x Width) is 223 m x 32 
m. The draught of the design convoy is 6 feet (1.9 
m). 
 

The following elements are found in a lock 
withholding basin: 

 a lock chamber with ladders, mooring rings and 
bollards; 

 lock heads with gates; 

 a levelling mechanism (e.g. sluice or drain); 

 control buildings; 

 shipping signs; 

 lighting; 

 communications equipment; 

 safety devices; 

 guide fenders (funnel); 

 fender (line-up area and optional waiting area) 
with mooring facilities; 

 run-out zone – the transitional zone, kept free of 
obstacles, between the normal waterway profile 
and the holding basin. 

 

 
Figure 12: Lock at Calamar with vertical gates 

7.2 Lock chamber 

The net length of the lock chamber is the 
distance between the stop lines. This is at least 1.1 
times the length of the design convoy. The stop 
lines have to be positioned 2 m from the caissons 
forming the lock heads. A total length of the lock 
chamber between the lock head caissons of 250 m 
is determined. The depth of the lock depends on the 
maximum laden draught of the stern and the 
likelihood that the stern will touch the sill. The width 
and sill depth at the upper and lower gates depends 
both on the risk of damage and on the requirement 
that vessels can enter and exit the lock quickly and 
smoothly (see Figure 12). 
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This is generally sufficiently guaranteed if the 
ratio of the underwater profile of the vessel to that of 
the lock is no more than 0.75. In this case a sill at a 
level of msnm -1m has been determined (sufficient 
room at a minimum water level of msnm +2 m and a 
draught of 1.9 m. The net width of the lock chamber 
can be 33.5 m, based on common practice on the 
Mississippi. The minimum can be 33 m (1 m more 
than the width of a design convoy). 
 

 
 

 
Figure 13: Lock head with lifting gate 
 

7.3 Lock heads with gate 

The dimensions of the lock heads depend on the 
type of gates which are applied. In this case a 
choice of vertical gates has been made (see Figure 
13). The choice has been made on the basis of the 
fact that this structure is robust, is common, cost-
efficient, and easy to manage. The gates have been 
designed in steel with a parabolic frame to retain the 
hydraulic loads (see Figure 14). In the gates, valves 
are installed to level the water level in the lock 
chamber (Consorcio Dique, 2015h). 

 
Figure 14: Lifting gate details (front and back) 
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