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Figure 1. Location map showing project.

Abstract

The Government of Argentina (through its Ministry 
of Economics and Public Works) together with the
Provincial Governments of Santa Fé and Entre Rios (the
client) developed a project, financed partly by a 25-year
concession for a new link between both provinces,
known as the Rosario-Victoria Fixed Link. The project is
essential for local and international East-West road
transport. 

The fixed link is a two-lane auto-railway, consisting of
13 bridges connected by 13 embankments over a total
length of 59 km, situated in the Rio Paraná fluvial delta.
The Dutch Joint Venture, Boskalis International–Ballast
Nedam Baggeren, as subcontractor of the Consortium
Puentes del Litoral (main contractor), is responsible for
the construction of the 47 km of road embankments.

The fixed link is completely located in the Paraná River
delta. The geological record of the delta is characterised
by a changing lithology, which in turn greatly influences
the geotechnical parameters of the sub-soil. The
knowledge of the geological record was provided by
means of an extensive soil investigation. This was used
for settlement and stability calculations, geometry and
quality of the overburden as well as the underlying
sand layer.

By contractual requirement, the dredging subcontractor
has to comply with the ISO 14000 International
Standards and the Environmental Management 
System (EMS) of the main contractor. For this 
project this compliance resulted in the setting up 
of an Environmental Management System (EMS) 
according to the International Standards, including 
an Environmental Management Plan (EMP) and a
monitoring strategy as guideline during construction.



Introduction

The Government of Argentina (through its Ministry of
Economics and Public Works) together with the
provincial governments of Santa Fé and Entre Rios 
(the client) developed a project, financed partly by a 
25-year concession for a new link between both
provinces, known as the Rosario-Victoria Fixed Link.
The location of the project is shown in Figure 1. 
The fixed link is a two-lane auto-railway and consists of
13 bridges connected by 13 embankments over a total
length of 59 km and situated in the Rio Paraná fluvial
delta. This project is the largest of its kind in South
America in terms of length and physical conditions. 
The Paraná River is the second largest river in South
America in terms of discharge (1 per 100 year
discharge of 30,500 m3/s through the main channel and
26,500 m3/s through the fluvial valley; 5 m of yearly
maximum water level fluctuation) after the Amazon
River. An aerial satellite image with the projection of the
fixed link is shown in Figure 2.

The project is essential for local and international road
transports from East to West and back. The nearest
two possible crossings now are 180 km upstream and
downstream of Rosario. Local transport takes place
amongst the provinces of Entre Rios, Corrientes,
Misiones (situated East of the river) and the rest of the
country. The international East-West transport takes
place between the port of Rio Grande in the South of
Brazil and the port of Valparaíso in the middle of the
Chilean coast. This connection is called the Bioceanic
Corridor and is essential for the region of the Mercosur
— a commercial co-operation amongst several South
American countries). As result of the construction of
the Rosario-Victoria fixed link, the port of Rosario will be
one of the most important distribution centres for the
Mercosur. Furthermore, in the southern part of the
province of Santa Fe increasing trade and industry is to
be expected, as well as an increase of the tourism role
of the small city of Victoria.

The concession has been awarded to the Consortium
“Puentes del Litoral S.A.” as main contractor, formed
by five civil contractors: Impregilo, Iglys, Hochtief,
Techint, Benito Roggio. This consortium has a Design,
Finance, Build, Operate and Transfer contract with the
Argentine government. The total value of the contract
is $350 million of which $230 million will be paid directly
to the consortium, and the outstanding $120 million by
toll income over a period of 25 years. During this time
the consortium is responsible for full maintenance. The
project was awarded in 1998 and started immediately.
Construction time will be approximately four years.

The Dutch Joint Venture Boskalis International–Ballast
Nedam Baggeren as subcontractor of the Consortium
Puentes del Litoral is responsible for the construction
of the 47 km of road embankments. The total
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The embankments have a crest width of 15 m and
slopes of 1 to 4. The embankment height is about 7 to
8 metres up 10 to 11 metres (at the abutments near
the bridges) with respect to the top of the natural
terrain. An impression of the different construction
phases is shown in Figures 3, 4, 5 and 6. Impressive
views of the works are presented in Figures 7, 8 and 9.

GEOLOGICAL AND GEOTECHNICAL ASPECTS

OF THE CONSTRUCTION AREA

The connection, by means of earth embankments and
interconnecting bridges, is completely located in the
Paraná River delta. The geological record of the delta 
is characterised by a changing lithology, which in turn
greatly influences the geotechnical parameters of the
sub-soil. The understanding of the geology forms the
basis for the geotechnical knowledge of the subsoil, 
in which bridge foundations, borrow pits for dam
construction; stability and settlement of the dams are
the most important items. 

The geology of the Paraná delta subsoil, at the location
of Rosario, consists of a basal marine clay of Miocene
age, which is overlain by Pleistocene sand. The topsoil
or overburden consists of Holocene clays, sands and
their mixtures. The geological development of the delta
differs from Dutch sedimentary deltaic environment in
the sense of type of and distance to the hinterland 
and e.g. climatic factors during its development. The
transition between the Miocene clay (age: ± 30 million
years) and the Pleistocene fluvial sand (1.5 million years
before present) thus forms a discontinuity in time, 
in which the top of the marine clay represents an
erosion surface. 

Many gullies were cut into the marine clay surface with
the increase of the fluvial environment. In fact it can be
concluded from the geological profile that a sudden
“catastrophic” change took place at the start of the 

subcontract price is $76 million and includes the
following activities: 
– dredging of overburden of the borrow pits; 
– dredging of the sand itself and construction of the

embankments; 
– dredging of a 30 km lateral service channel for

logistic purposes along the link; and
– dredging of the access channels from the service

channel to the bridge location. 

The project was awarded to the Joint Venture in
December 1998 and started in February 1999. 
Construction time will be approximately 2.5 years.

WORK METHOD

Long-term dredging equipment used has been the
cutter suction dredgers/suction dredgers Haarlem and
Zuiderklip (total installed power respectively 5,050 kW
and 3,998 kW). Support vessels types Multicat are the
Candy and the Roomklopper (total installed power
respectively 800 kW and 538 kW). Temporary auxiliary
dredging equipment has been locally contracted for the
execution of small portions of the work.

The dredgers mechanically disrupt and loosen the soil
and pump it straight into the disposal areas. In order 
to ensure the manoeuvrability of the dredgers in the
dredging areas, a 450-m section of the pipeline
consists of a floating line. Depending on the water
level, an excavator or amphibious excavator is used to
construct the first retaining wall or bund, at or below
the water table to prevent the hydromixture from
flowing back into the channel/borrow pit. The sand fill is
placed directly on top of the existing topsoil. When this
first layer reaches a certain height above the water
table, a rigid onshore pipeline will be installed on top, 
to be connected to the floating pipeline. The main
embankment body is constructed in phases, longitudinally
in sections with contention bunds, and vertically in
different layers.

The typical sequence of the filling of an embankment
consists of:
– hydraulic placement of a first layer (to about 1 m

above existing water level); 
– hydraulic filling of several intermediate layers; and
– hydraulic and/or mechanical filling of last layers to

the final level (design level + final evaluated 
settlement). 

During construction of the embankment water outlet
boxes are placed at the border of each section of the fill
area to drain excess water after deposition of the sand. 

Once a layer is finished, new retention bunds are built
for the next layer on top and the water outlet boxes are
elevated.
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Figure 2. The fixed link, situated in the Rio Paraná fluvial delta,
drawn over a satellite image.
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Figure 3. Cross-sections of the construction in 5 phases.
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that the early Paraná River basin was relatively narrow,
without a delta at the Rosario-Victoria location but
increased gradually in width. The Paraná River started
to erode the very stiff clays and marls at the Victoria
side in Early Pleistocene times, cutting its own channel
to a depth of more than 25 m into the Tertiary marine
sediments, filling it up and shifting itself in time, whilst
cutting in and filling up towards the Rosario side, where
it presently runs. 

During the Holocene period, around seven thousand
years ago, the sea level started to rise quickly. The
outlet of the Paraná River came closer towards Rosario,
the sedimentary flux changed and the whole delta
could now be inundated during river high stands. The
Paraná River could deposit a more clayey deposit on
top of the whole Pleistocene sand layer. This resulted
in the present configuration of a topsoil cover, with
clayey inundation areas, separated by more sandy
levees.  

Pleistocene. The main trigger of the change in lithology
is of course the climate change, inducing a sea-level
change and a changing environment in the source area
of the sediments (the hinterland). In Holland it is
observed that Pleistocene glaciations resulted in less
fluviatile transport and lower sea levels. In the Paraná
delta the conclusion can be drawn that at sea level 
low-stand was combined by an increase of fluviatile
transport from the source area. This resulted in a 
huge transport of mainly sand from the hinterland 
(with source areas in south Brazil, Paraguay and the
north of Argentina). 

A schematic geometry of the erosion and deposition by
the Paraná River is presented in Figure 10. 

The width of the delta, and thus the length of the fixed
connection to be made, is nowadays around 59 kilo-
metres. At the time that the first sands were transported
this width was small, increasing with time. This means
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Figure 5. Cutter suction dredger Zuiderklip dredging sand in a borrow pit and filling an intermediate layer of an embankment 
– view from Victoria (East) with respect to the Connection.

Figure 4. Helicopter view of the construction.



GEOTECHNICAL ASPECTS OF THE PARANÁ

DELTA DEPOSITS

The knowledge of the geological record was provided
by means of an extensive soil investigation for a
number of reasons:
– to retrieve samples for consolidation tests, in 

order to predict the final heights of the dams,
compensating for settlement;

– to verify the thickness and quality of the overburden
for stability reasons during and after construction of
the dams;

– to gather information about the geometry and
quality of the sand layer for the borrow areas,

especially when a deep suction method of dredging
is applied; and

– to gain insight on the thickness and quality of the
clayey topsoil (overburden) for the borrow pits,
which has to be removed prior to starting dredging. 

Soil investigation
For this project a Cone Penetration Test apparatus 
(CPT Hyson, 200 kN penetration force, manufactured
by A.P. v.d. Berg, The Netherlands) was bought. 
This apparatus is well known in The Netherlands but
quite uncommon in Argentina, where most soil investi-
gations are done with rotary, Shelby or SPT methods.
The equipment was mounted on a floating platform
with anchoring for counterweight, or on an amphibious
excavator, to ensure that the investigations could
continue, even during floods and dry periods.

The CPT equipment was also equipped with a
sampling device (65 mm wide and 40 cm long for
consolidation and triaxial tests for cohesive material 
and 35-mm width samples for sand or silt material), 
called Mostap, which can sample at even rather great
depths. The advantage of this equipment is its velocity
in penetration and the achievement of relatively
undisturbed samples for laboratory testing.

In total 210 boreholes were made along the 59-km-long
stretch, each with an average length of 10 to 30 m. 
The accessibility of the area is very difficult, and thus 
it took a great deal of time to finish the campaign. 
Samples of the overburden were taken to the fully
equipped Boskalis-Ballast laboratory for consolidation
and triaxial tests, granulometry and Atterberg limits.
Samples of the underlying sand were tested on
densities and granulometry.

Figure 6. Bulldozers at work.

Figure 7. First completed embankments at the start of the connection in Victoria.



A geological profile from Rosario to Victoria based on
the CPT and SPT borings and all relevant data available
has been prepared for the project. These are shown in
Figure 11.

Determination of geotechnical parameters for
construction purposes
All necessary parameters were calculated from the
laboratory results as for the input for different geotech-
nical calculations. The most important are listed below:
– intermediate (by multistage construction) and final

settlement and consolidation time of the subsoil;
– stability evaluation during multistage construction,

using slip circle analysis; and
– grain size analysis of sandy topsoil and the main

underlying sand layer for quality of the dam itself.

Intermediate parameter
The final settlements were calculated from the
consolidation tests according to both Buisman-
Koppejan and NEN 6744 methods. From these
determinations a prediction of final construction 
heights was made. 

The subcontractor wants to be assured that enough
sand is dredged and available at the dam itself to com-
pensate for extra settlements of the dams. Once the
dredger moves to another borrow pit, located many
kilometres away, a return for extra sand owing to
unexpected settlements is too costly. During
construction and 6 months after the subcontractor
monitors the settlements, by means of settlement
beacons and measured with a DGPS system. 
This means that the contractor and client have to arrive
at a consensus on the final settlements, even when
the hydrodynamic period is not ended (or the T95 has
not been reached). This involves a back analysis of the
measured settlement and implementation of the
parameters gained from this back analysis. 
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Figure 8. Aerial photo of the bridge and completed embankment from Northeast with respect to the Connection.

Figure 9. SD Zuiderklip dredging the Main Service Channel 
beyond a small creek towards Rosario.

Figure 10. Schematic drawing showing the geometry of the erosion and
deposition by the Paraná River. 



The client did not accept a decrease of the consolidation
time by drains because of financial reasons. Predicted
settlements match reasonably well with the ones
measured in the field, varying from 0.3 m to about 1 m,
based on an average of 7 m superimposed embank-
ment. Nevertheless the actual hydrodynamic periods of
most compressible subsoil is less than the calculated
ones, because of the presence of sandy intercalations. 

Stability parameter
A safety analysis (stability) during multistage construction
of the dams was carried out using Bishop calculating
methods. The consolidation of the subsoil results in 
an increase in shear strength of the foundation soil. 

A required overall factor of safety determined by a
degree of consolidation was calculated for each
construction layer. The derived safety factor was
mostly above 1.4, but sometimes also near 1.0,
meaning almost instability. This was mainly a result of
the presence of highly plastic soft clays. As drains were
not allowed, a significant increase in shear strength
because of consolidation, given a relative short period
of construction, could not be expected. Moreover,
back-analysis from the field data showed a much faster
adaptation of the compressible layer to the applied load
than that obtained from the laboratory results. Thus in
most cases the faster consolidation between the
construction stages ensured the stability of the dam. 

Grain sizes
Grain sizes influence production during the dredging
process. Losses of dredged material during the
deposition of the hydromixture are to a large extent
dependent of the grain size itself. The geology of the

area ensures an increase of grain size of the sand with
depth from 110 micron up to 400 micron. Again the
geological knowledge, and more specifically the
sedimentological history of the area, explains the
increase in grain size with depth. The closer to the
source area (provoked by a low sea-level stand), the
coarser the material. This is confirmed by the presence
of gravel at the base of the sand layer at some locations. 

Quality specifications of the dam
Contractually, the construction material should comply
with the SM-SP characteristics (USCS). The construction
itself should have a relative density, varying with depth
from 40 to 70 percent. The top of the dam should have
a CBR of 20. Quality control includes grain-size analysis,
in-situ density measurements by volume-meter and the
determination of maximum and minimum densities in
the laboratory. After completion of every layer of the
dam, extra SPT tests are made to determine the
densities of the whole dam body.  

ENVIRONMENTAL ASPECT OF THE PROJECT

The 1-km-wide and approximately 59-km-long project
area between Rosario and Victoria covers only a very
small strip of the Paraná River and the river floodplain.
When travelling from Rosario to Victoria the plain is
crossed by the main 2-km-wide river channel, directly
next to Rosario, numerous minor watercourses
separated by marshlands and islands of various sizes,
and a relatively open-water area near Victoria. 
The width of the watercourses, their flow discharges
and the surface areas of the islands vary depending on
the water level of the river. 
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Figure 11. General geological profile of the subsoil along the Rosario-Victoria fixed link.

San Lorenzo Barrancoso Paranacito Vict.

EMBANKMENTS

VICTORIA

BRIDGES

SMALL RIVERS

Slightly overconsolidated Clay
Slightly overconsolidated Clay

Silty, sandy
Clay

Clay

(small gravel)
IGM= INSTITUTO GEOGRAFICO MILITAIR

REVISION D  24/03/2000

Silty, sandy
Clay



– the identification and evaluation of the
environmental effects of the dredging activities; 

– the definition of the mitigating plan;
– the definition, explanation and periodicity of the

monitoring plan for the outlined effects and 
mitigating measures; and

– the procedures for preparing environmental quarterly
reports, for environmental protection, emergency
response, waste disposal, bunkering, clearance of
floating vegetation and environmental audits.

General commitment of the subcontractor was to
execute the works whilst minimising the (eventual)
damage to the environment. The environmental impact
analysis considers both human environment (eventual
disturbance to fishers who live on the islands and to
navigation, recreation, atrophic pastures) and natural
environment (eventual damage to air, water and soil
quality, to aquatic life, birds and animals in the river
valley and the floodplain). Special attention was
focussed on the water intake of Victoria, which 
provides the city with drinking water from the river,
located just outside the harbour, downstream of the
road connection. This is a very sensitive point with
respect to the increase in turbidity and requires
continuous monitoring of water quality.

Environmental Management System 
By contractual requirement compliance exists between
the ISO 14000 International Standards and the
Environmental Management System (EMS) of the main
contractor. For this project this compliance results in the
setting up of an Environmental Management System
(EMS) according to the International Standards,
including an Environmental Management Plan (EMP) and
a monitoring strategy as guideline during construction.

The EMS provides the basic concepts and objectives
related to environment and social protection and control
for the dredging activities within the project. It identifies
the legal, operational, and procedural requirements to
execute the dredging works. It also includes:

Figure 12. Monitoring map for the first three months of the works, in front of Victoria.

Figure 13. Setting up of the fixed multi-sensor sonde at the
water intake of Victoria.
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Most relevant environmental effects of the dredging
activities have been identified as temporarily damaging
to water quality. Consequently, some water quality
parameters (turbidity, dissolved oxygen, pH, tempera-
ture, water level and conductivity) have been selected
to be monitored as potentially affected by the dredging
activities. The monitoring strategy is to continuously
control the conditions both upstream as well as 
downstream of the dredging works, and to periodically
monitor the same parameters all over the area
influenced by the dredging activities along selected
pathways. This has been achieved by means of two
fixed stand-alone monitoring stations (one upstream
and one downstream) and a mobile one (on survey
boat): since the works will proceed from one edge of
the road connection to the other, the selected strategy
will allow the following of the works as they proceed
by shifting the whole system (of mobile and fixed
stations).

In view of the selected parameters, three multi-
parameter stand-alone sondes (Endeco YSI 6600) have
been acquired and their location opportunely planned.

Water samples by pump sampling have been forecasted
and executed at selected locations in order to measure
Chemical and Biological water Oxygen Demand 
(COD, BOD5), grain size of suspended sediments and
especially suspended sediments concentration, 
in order to properly characterise the turbidity plume
eventually caused by the dredging works and to
correlate suspended sediments with turbidity.

As a result of the variety of natural scenarios along the
Rio Paraná fluvial valley and of the dredging activities,
the periodicity of the monitoring plans has been set to 
a three-monthly period. Figure 12 shows the planned
monitoring pathways and locations for the period 
April-June 1999 in the Victoria area. Figure 13 shows
one of the YSI sonde in its steel structure prepared 
to be placed in water at the location of the water intake
of Victoria.

Environmental reporting
As a continuous activity during the whole length of the
project, the following tasks can be mentioned:
– the redaction of Quarterly Environmental Monitor-

ing Programmes (EMOP), defining the parameters
to be monitored, the locations of the fixed stations, 
the longitudinal, transversal and vertical lines to be
monitored with the mobile equipment, the location
of the water samples, the frequency and modality
of all the monitoring activities for the subsequent
three months. In particular, since the beginning of
the works, on the Victoria side, the downstream
stand-alone fixed station has been located at the
water intake of Victoria;

– the preparation of Environmental Management
(System) Quarterly Reports (EMQR), which present

and evaluate all the environmental aspects of the
dredging works and the results of the environmen-
tal monitoring activities undertaken during the
previous three-monthly periods;

– the preparation of Environmental Management
(System) Yearly Reports (EMYR), which represent 
a yearly summary of the environmental aspects of
the dredging works and of the monitoring results;
and

– the preparation of Environmental Monthly 
Memorandums (EMMR) for prompt information 
of the Consortium of the monitoring results when
particular situations arise.

Preliminary Conclusions

The Environmental Management System has already
been audited several times, internally (by the Argentine
Consortium) and externally (by the Governmental
Control Body), and has proved to comply with preven-
tion, control and mitigation of eventual disturbances of
the environment.

In general, expected negative effects so far have been
minimal. So far no relevant discomfort to local island
inhabitants in the area or relevant hindrance to small-
scale navigation has been detected.

No water contamination by oil/lubricant spill has
occurred and no relevant occurrence of stagnant water
has been revealed. As expected, the risk of stagnant
water occurrence has been reduced by the presence of
the channel, and no permanent impairment of small
watercourses has been recorded. With the exception
of the borrow pits areas, no relevant changes in channel
morphology nor in the morphology of the disposal
areas have been detected: the disposed material was
found to fit within the surrounding environment and 
to provide new surfaces for vegetation growth and
pasture. No relevant loss of vegetable species has
been detected, and new vegetation has rapidly grown
on the disposal areas. Besides, a high density of
fishes/birds has been observed, respectively, close to
the dredging areas and on the disposal areas because
of higher food availability.

Up to now, water quality has been only slightly and
temporarily affected by local increases in turbidity. 
Besides the Fixed Link related dredging works, local
non-related dredging activities proved to have produced
high turbidity clouds, even close to such a sensitive
point as the water intake of Victoria. In general, no
damage has been encountered so far to the local
fauna. As is common in such a dynamic system, 
the environment has reacted promptly and apparently
adapted itself to the presence of the works.
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