
 

Methodology for the environmental impact assessment of the deepening works in the 
Argentina’s Santa Fe – Ocean waterway 

 
 
 

C. L. Daniele1,2,3 

 
 
 
Abstract: This paper presents a synthesis of the methodology employed in the 2001 environmental impact 
assessment (EIA) for the deepening of the navigable waterway that connects the port of Santa Fe with the 
Atlantic Ocean, through the Paraná and the Río de la Plata rivers, in Argentina.  
 
In the area of influence of the waterway are found some of Argentina’s most economically important and 
densely populated cities and ports, such as Buenos Aires and Rosario. In 2001 the volume of agricultural exports 
transported along this navigable waterway reached a total of 38 000 000 tons and the number of containers 
exceeded 1 200 000 TEU.   
 
Measured from Santa Fe to the area of natural deep waters in the outer area of the Río de la Plata, the length of 
the Santa Fe – Atlantic Ocean navigable waterway is more than 750 km. The volumes of water running through 
the Paraná and Río de la Plata (in the period 1970-2000) were 18.700 m3/s and 23.800 m3/s respectively. Such 
an important and long navigable waterway requires the permanent dredging of the large volumes of sediments, 
which are the distinctive characteristics of this study. 
 
The additional volumes of dredged sediments for the proposed deepening intervention evaluated in 2001 (32 and 
22 feet operation) were 40,000,000 m3 for the capital opening dredging and 18,000,000 m3 for the annual 
maintenance volume. 
 
In this assessment, both the natural and the man-made aspects were taken given equal consideration. This paper 
presents all the indicators used in the analysis. 
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1 INTRODUCTION 
 
This paper is a synthesis of the methodology employed in 2001 in the environmental impact assessment (EIA) 
for the deepening of the inland waterway that connects the Santa Fe harbour with the Atlantic Ocean through the 
Paraná and the Río de la Plata rivers in Argentina. Maintenance dredging works have been carried out in this 
navigation channel since 1875. 
 
The Paraná and the Río de la Plata rivers are located in the final section of the Rio de la Plata Basin, the second 
largest river basin in South America and the fourth largest river basin in the world, which has a capacity of 
around 3.1 million km2. Hosting a valuable biodiversity, it is also one of the largest freshwater reserves in the 
world. Near the city of Rosario the Paraná river has an average annual water discharge of 18.700 m3/s (1970-
2000 period). The Río de la Plata estuary has an average annual water discharge of 23 800 m3/s, an estimated 
length of 270 km and a variable width between 32 and 230 km. Some of Argentina’s most economically 
important and densely populated cities and ports such as Buenos Aires, Rosario and Santa Fe, as well as sizeable 
river ports such as San Lorenzo and San Martín are located along this waterway. In 2001 the volume of grain, 
subproducts and oil exports transported by vessels on these rivers was estimated to be 38 million tons. For the 
same year the container movements exceeded 1 200 000 TEU.  
 
Measured from Santa Fe to the area of natural deep waters in the exterior area of the Río de la Plata, the length 
of the Santa Fe – Ocean navigable waterway is more than 750 km. Such a long navigable waterway that requires 
permanent dredging and the large volumes involved are distinctive characteristics of this study. 
 
In this assessment, both natural and man-made aspects were given equal consideration. In the following sections 
we present the indicators used in the analysis. The deepening works in the Santa Fe – Ocean waterway will be 
performed soon. All the studies relating to the environmental impact assessment are being updated in 2005. 
 
 
2 DESCRIPTION OF WORKS 

 
Since 1996, Hidrovia SA has been in charge of all the necessary dredging and aids to navigation works in the 
navigable channel. Nowadays the navigational draft of this navigation channel between the ports of Santa Fe 
and San Martins (the first section) is maintained at 22 feet, while from this point to the Atlantic Ocean, it is 
maintained at 32 feet (the second section). The deepening project that is analyzed here aims to increase the draft 
to 28 feet in the first section and to 36 feet in the second section (see Fig. 1). 
  
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Santa Fe – Ocean Inland Waterway 
 
The execution of such a project includes both the initial capital dredging, the maintenance dredging operations, 
transport and disposal of all dredged material and buoying of the navigation channel. The indicative volumes of 
sediments to be removed by the intervention to obtain and maintain 32 and 22 feet was 63 000 000 m3 for the 
initial capital dredging operations and 21 300 000 m3 for the annual maintenance volume. 



 

3 SCOPE OF THE EIA 
 

- Systematic identification of the environmental consequences of the execution of the deepening project in 
relation to the previous conditions. 

- Evaluation and consideration of the impacts with respect to quantitative and/or qualitative indicators. 
- Proposals for measures to mitigate any negative impacts that are detected. 
- Elaboration of an Environmental Management Plan and a Monitoring Plan. 
 
4 METHODOLOGY 
 
4.1 Spatial organization of the EIA 
The territorial coverage of this case study includes the sections of the Paraná and Río de la Plata rivers through 
which the navigation channel runs (see Fig. 1); for the Paraná river the margins were also included. The 
influence area comprised the whole territory where potential effects caused by the deepening might appear and 
also the direct use of the navigable waterway either over the total environment or mainly over some of its 
natural, social or economic components.  
 
The  lineal feature of the river, its extraordinary long extension and the environmental heterogeneity determined 
the need for a detailed spatial representation for which the entire navigable waterway was divided into units of 
smaller size. Both the Paraná and the Río de la Plata rivers were divided into several Intervention Areas, 
defined as the river sections locally affected by the dredging or dredged material disposal areas. Fifty 
Intervention Areas were considered for the whole study, these being 44 in the Paraná river and 6 in the Río de la 
Plata. This kind of analysis allowed us to focus on the particularities of the works and the environment for each 
of the sections that had been defined. 
 
4.2 Analysis levels 
The EIA is covered by maps on the scale of 1:100 000 that include environmental diagnosis, the description of 
the project, the location and evaluation of the impacts with information supplied by different sectorial studies.  
 
4.3 Diagnosis and Evaluation Instruments 
4.3.1 Description of the Intervention Areas  
For each defined intervention area a “Description Record” was completed. Each file described the project and 
the  local characteristics of the environment, with a special focus on the description of the sensitivity of the area 
involved. Detailed information on water uses, the river and littoral ecosystems an also of possible water intakes 
or discharges (natural or man-made) to the main river were also included in each record. 
 
4.3.2 Environmental Diagnosis 
An environmental diagnosis of the previous conditions in the area involved, describing the environmental 
factors susceptible to possible impacts was carried out. The natural characteristics were considered separately 
from the socio-economic-cultural characteristics. The water and sediment quality analysis along the navigable 
waterway was based on regular sampling by Hidrovia SA. The water and sediment sampling was evaluated from 
a chemical and an eco-toxicological point of view according to international standards and criteria. The water 
quality standards of the Uruguay River Managing Committee (CARU - Comisión Administradora del Río 
Uruguay), which were set by Argentina and Uruguay, were considered. For sediments, the Dutch Standards 
(World Bank. 1991) were applied, which made it possible to classify them in four ranges according to their 
contamination levels and the possible consequent restrictions on their disposal and/or treatment in the 
environment. Figure 2 shows the environmental monitoring in the surroundings of the km 450 of the Paraná 
River (named "Paso Bella Vista") and an example of the location of the water and sediment sampling during 
campaigns 1996 to 2001 
 
4.3.3 Single Environmental Evaluation Indicators 
Fifteen indicators that were representative for the environmental impact sources caused by the sediment 
dredging and disposal were defined. These indicators were calculated locally for each Intervention Area 
considered and were evaluated in a qualitative-quantitative way. This allowed us to qualify their individual 
impact and also to describe the variations in them throughout the waterway. The data considered for the 
calculation of the indicators were evaluated separately for the capital dredging stage and for the later 
maintenance works. In the first case, as the preliminary time scheduled for the deepening was 20 months, the 
equivalent annual volume was considered as the relevant magnitude. 
 
In concept, we can distinguish two types of indicators: relative indicators and the absolute indicators. 



 

The Relative Indicators compare the different characteristics of the waterway deepening project  (28/36 feet) 
with the previous dredging works carried out to reach the depths of 22 and 32 feet. Prior to 2001 the dredging 
and buoying works  maintained the depth of the navigation channels at only 22 feet in the first section and at 32 
feet in the second section (see Fig. 1). The deepening project will increase the depth to 28 feet in the first section 
from the port of Santa Fe to the port of San Martin and will increase the depth 36 feet in the second section from 
San Martin to the Atlantic Ocean.  
 
The Absolute Indicators qualify only the magnitudes of the actions and the environmental effects of the 
deepening project (28/36 feet) in an absolute way (not comparative). 
 
The indicators considered, all of which were calculated for each Intervention Area into which the navigable 
waterway was divided, are as follows 
Indicators related to  sediment volumes to be dredged during maintenance operations 

- “Equivalent annual volume” of the projected deepening (absolute indicator) 
- Relationship between the “Equivalent annual volume” of the projected deepening and the volume of the 

previous deepening (relative indicator). 
- Equivalent annual maintenance volume (absolute indicator). 
- Relationship between annual projected maintenance volume and the previous maintenance volume 

(relative indicator). 
- Relationship between projected maintenance volume and receptive capacity of the disposal area 

(absolute indicator). 
Indicators related to morphological effects: alteration of the transverse profile of the river bed 

- Relationship between width of the navigation channel and the average width of the river in each 
Intervention Area (absolute indicator). 

- Relationship between the increase in the transverse section of the channel due to the projected 
deepening and the narrowest transverse section of each Intervention Area (relative indicator). 

Indicators related to the effects of the turbidity plumes  
In order to analyze the turbidity generated by the disposal of dredged sediments in the dredging area, we applied 
a two-dimensional model of turbidity plumes. The generated plumes were specifically modeled in the cases of 
the Paraná river sands and of the Río de la Plata muds (Menéndez, 2001). After considering the above 
mentioned as a basis, three indicators were defined: 

- Relationship between the maximum length of the turbidity plume in the river and the length of each 
Intervention Area. 

- Relationship between the maximum width of the turbidity plume in the river and the width of the 
transversal section of the river in the Intervention Area where the discharge was planned. 

- Relationship between the coast length affected by the turbidity plume and the length of the Intervention 
Area. This indicator is evaluated separately for the left side and the right sides of the Paraná River. 
This indicator was not evaluated in the Río de la Plata because, due to its width, the plumes never 
reached the sides of this river . 

Indicators related to the duration of the dredging activities 
- Average annual duration of the deepening dredging. 
- Average annual duration of the maintenance dredging.  

Indicators related to the sensitivity of the involved area 
- Sediment quality: the following parameters were taken into account: Polychlorinated Biphenyls (PCBs), 

Polycyclic Aromatic Hydrocarbons (PAHs), mineral oil, anthracene, heavy metals (Pb; Cu, Cr; Ni; Cd; Hg; 
Zn; As, Fe; Mn), oils and greases, pesticides, phenols, density and granulometry.  

- Environmental sensitivity: anthropogenic and ecological sensitivity of the area involved in relation to the 
water uses, the sport and tourist uses of the Paraná and Río de la Plata river, the human activities on the 
shores, fishing, nature protected areas, wetlands and biodiversity in each Intervention Area. 

 
4.3.4  Global Indicators 
Two Global Indicators were developed on the basis of integrated and selected weighing of prior indicators. 
These were developed as a global evaluation of the impacts, in order to provide an objective basis for the 
identification of the most critical Intervention Areas, and also to make contribute to the formulation of priorities 
for the activities of the Environmental Management Plan. 
Relative Global Indicator  
This indicator encompasses a unique assessment of the indicators that measure the relative magnitude of the 
interventions for the deepening works (28 feet in the first section and 36 feet in the second section) with respect 
to the previous interventions (22 feet in the first section and 32 feet in the second section). This Relative Global 
Indicator comprises three relative indicators in each Intervention Area, with the same important factor:  



 

- Relationship between the “Equivalent annual volume” of the projected deepening and the volume 
of the previous deepening. 

- Relationship between the annual projected maintenance volume and the previous maintenance 
volume. 

- Relationship between the increase in the transversal section of the channel due to the deepening 
projected and the most narrow transverse section of each Intervention Area. 

Absolute Global Indicator 
For each Intervention Area this Absolute Global Indicator comprises all the indicators that used to evaluate 
sources of impact due to implementation works, quality of sediments to be mobilized and environmental 
sensitivity, according to the same importance factor. The values of an indicator of sources of impact due to the 
implementation of the deepening works were calculated by adding:  

- Equivalent annual volume of the projected deepening  
- Equivalent annual maintenance volume 
- Relationship between projected maintenance volume and discharge capacity of the disposal area. 
- Relationship between the width of the navigation channel and the average width of the river in 

each Intervention Area. 
- Effects of the turbidity plume 
- Duration of dredging activities 

This indicator was then averaged out directly from the indicators corresponding to sediment quality and 
sensitivity of the area involved so as to finally obtain the Absolute Global Indicator. This calculation method 
confers the same hierarchy to the project actions which are potentially creators of impacts as it does to the 
sensitivity of the area involved and quality of the sediment to be removed. Figure 3 shows an example of 
identification and evaluation of environmental impacts. 
 
4.4 Mitigation measures and Environmental Management Plan 
Based on the results derived from Global Indicators for each Intervention Area, when needed adequate Mitigation 
Measures were proposed. Measures were proposed to limit natural and socio-economic impacts. The proposed 
Environmental Management Plan comprises the following Plans and Programs: 

- Management Plan in Each Critical Zone 
- Communication Activities Plan 
- Wastes Management Plan 
- Contingencies Plan 
- Information Update Plan 
- Monitoring Plan 
- Environmental Education and training Plan 
- Health and Sanitary Risks Plan 

At a local scale and a detailed elaboration  of the Management Plan was made in each Critical Area for all of the 
Intervention Areas that turned out to be critical, according to the analysis of the results conveyed by the Global 
Absolute and Relative Indicators. For each of these Intervention Areas, we identified the troublesome actions, the 
factors affected and other sensitive aspects of the area involved. Finally, and for each particular case, we proposed 
adequate preventive and corrective measures. The Mitigation Measures identified in these records are mainly destined 
to adjust the conditions or the to ensure the punctual location of the dredged material disposal sites. 
 
Although the entire group of plans and Programs of the Environmental Management Plan are closely interrelated, the 
Management Plan will be one of the main collectors of information generated by the Information Update Plan, the 
Monitoring Plan and the Communication Activities Plan. 
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Fig. 2 Environmental Monitoring in the surroundings of the "Paso Bella Vista". Example of location of the samplings 

of water and sediment, Campaigns 1996 to 2001 

 
Fig. 3: Example of identification and evaluation of environmental impacts 


