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ENVIRONMENTAL IMPACT ASSESSMENT IN A HARBOUR
AREA, ARGENTINA

ABSTRACT

An environmental evaluation is carried out to
define the impact that some man-made modifications
done on tidal plains some years ago has produced into
an adjacent harbour area. Understanding of marine
processes and the behavior of the coastal ecosystem in
Puerto Rosales is important to the successful
implementation of any coastal projects. The
environmental characteristics of the surroundings of
the harbour were studied with the objective to analyze
the involved process, as well as the alteration the
human-modifications could generate. Once the impact
was recognized a solution is proposed. The case
discussed here highlights the necessity for carrying out
an environmental impact assessment study before
implementing a harbour project and any coastal
modification. This approach that integrates the

behaviour of coastal structures, impacts and
alternatives, provides promising information for the
planners of coastal projects, decision makers and
impact assessment practitioners. 

INTRODUCTION

The coast and particularly the estuaries are
environments that have a weak dynamical equilibrium
due to the complex interaction of physical, chemical,
biological and geological processes. So, any alteration
caused by men on these environments can modify the
equilibrium in a very important way, sometimes with
unforeseen consequences.

Toorman E. A. (2001) pointed out that the cohesive
sediment transport processes in coastal zones,
especially in estuaries, have an important impact on
the economy and the environment since cities and
industries are located there and so recreational, fishing
and port activities are developed. Owing to these
activities, important environmental modifications are
created due to industrial and sewer wastes discharges,
sea defenses constructions, dredging works, location
of disposal sites, etc. Several authors agree that an
understanding of the transport mechanism of fine,
cohesive sediment in estuaries is required as part of an
effective management strategy for these systems
(Mitchell, et al., 2003; Le Hir, et al., 2000; Fettweis
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and Van den Eynde, 2003; Winterwerp, 2002).
Usually, environmental studies are carried out

before man-made modifications are done. Such
knowledge allows anticipating the consequences that
these modifications may have, thus allowing the
correct decision in cases where they would impact
negatively in the environment. Therefore, it is essential
to carry out the study of physic-geological factors and
their interaction (currents, winds, waves, sediments,
geomorphology, etc.), prior to any coastal environment
modification as its ignorance can lead to hard-to-solve
mistakes with high economic and environmental costs
(Stanley and Warne, 1993).

Nevertheless, man-made modifications in natural
environments without prior studies are frequent in
many countries. All the Latin American countries
could still be classified as "underdeveloped nations"
because of their economical uncertainties, delayed
social development, unstable economy and political
issues (Tafireño-Silva, 2002). Here, research projects
are traditionally oriented through funding priorities
from government institutions. Therefore, the limited
budget to science results in shortages of work and
investigation forces to cover the country's needs for
research. This can be the explanation why many
modifications are done without previous studies.

Many examples on the Egyptian coast exposed by
Frihy (2001) have clearly shown that projects
implemented without environmental impact
assessment (EIA) can create serious undesirable
impacts. EIA is the systematic identification and
evaluation of the potential effects of proposed project
and actions relative to physical and socioeconomic
components of the environment (Canter, 1966). The
purpose of an EIA is to ensure that all development
options under consideration are environmentally sound
and sustainable and that any environmental
consequences are recognized early and taken into
account in a project design. After the identification and
evaluation of impact, it is a fundamental objective of
an EIA to highlight measures that mitigate the
unavoidable adverse consequences of the project
alternative under consideration.

Understanding of marine processes and the
behavior of the coastal ecosystem are important to the
successful implementation of coastal projects. If such
knowledge is not included in the design, significant
adverse impacts are likely to occur. In this study an
environment evaluation on tidal plains is done in terms

of their impacts in a harbour area.
This paper presents the environmental

characteristics of the surroundings of Puerto Rosales,
which were greatly modified in 1995 with the
objective of preventing siltation in the harbour area
without any previous study (Gómez et al., 1998). The
objective in the present study is the analysis of the
involved process, as well as the modifications made in
the port to detect the impact they produce into the
environment. Once the impact was recognized a
solution is proposed.

STUDY AREA

Puerto Rosales is located on the northern coast of
the Principal Channel of the Bahía Blanca Estuary, at
the south of Buenos Aires Province (Fig. 1). The
estuary is composed by a system of different channel
extent, islands, and extensive tidal plains (Cuadrado
and Perillo, 1997). The tidal condition at the location is
semi-diurnal, with a tidal range varying between 2.3 to
1.4 m at the estuary mouth and between 3.8 and 2.7 m
at the estuary head, during spring and neap tides
respectively. The Principal Channel is dominated by
ebb currents (Nedeco-Arconsult, 1983), which, due to
diminishing velocity, form an ebb tidal delta at the
estuary mouth (Gómez, 1989; Perillo and Cuadrado,
1991).

Figure 1.   
Site map of the Puerto Rosales study area.
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Puerto Rosales is the most external port of the most
important deep harbor system of Argentina; a location
which gives it some advantages over the others ports of
the system. First, because the distance the vessels need
to navigate to arrive to Puerto Rosales is much shorter
than for the internal ports (Ingeniero White and Galván
Ports are located 30 km inside the estuary). Secondly,
the Principal Channel portion close to Puerto Rosales
has natural depths greater than 20 m, unlike internal
areas which have to be dredged periodically to allow
navigation (Gómez et al., 1994). 

However, despite the advantages this port has it
could never be as fully developed as other ports of the
system because of the high siltation rate of silt-clayey
materials in its mooring sites and access channel, being
these areas only suitable for the operation of small
fishing boats. In order to keep the port working, large
amounts of money were invested in dredging works
although the attained depths did not persist over long
time intervals. 

The port has a 2 km length stone shore-connected
breakwater in a north-south direction. As the largest
harbour of the region was planned to be located here,
this stone breakwater was originally built a century ago
in order to protect the western area, where the mooring
sites were to be originally constructed, from waves
coming from the south and southeast (Melo et al.,
1997). As soon as the construction began it was
abandoned due to the First World War, the original
scheme was discarded, and opposing to the original
plan the eastside of the breakwater was adapted for
ship anchorage. 

In 1922, the Department of Public Works forced
the port concessionaire to maintain 9 m depth (30 feet).
This required depth was reduced to 5.5 m (18 feet),
because maintaining a greater depth was not profited.
Finally, in 1971, the Ports General Administration
dredged the access channel up to 8 m (26.4 feet),
without any further maintenance works during the
following years. Nowadays, sedimentation has
restricted the use of the access channel for commercial
traffic and also limited access to local dock for
fishermen. As a result of channel filling and narrowing,
some vessels must await high tides and only one-way
traffic at a time is permitted.

Cuadrado et al. (1996) analyzed the evolution of
the siltation rate occurred during 18 years (1972-1990)
since the 1971 dredging. During the first year after
dredging 1.6 m of sediment was accumulated and then,

after 10 years, this rate diminished to 0.06 m/yr during
the last 8 years of the analyzed period. 

Later, during a dredging carried out in 1995 a
discontinuous barrier was built over the eastward
intertidal plains with the objective of diminishing the
amount of sediment coming into the port area. These
coastal modifications, which have been done without
conducting any environmental impact analysis,
consisted in wrecking two 40 m length vessels in the
mid-lower intertidal zone, and dumping the dredged
materials on the mid-upper intertidal plain located
eastward the harbour (Cuadrado et al., 2000). In order
to protect these sediments from the current and wave
action that would erode and re-transport them into the
harbour, hoses filled with sandy materials were placed
as containment. However, shortly afterwards the hoses
failed as they underwent deterioration until its total
failure (Fig. 2). 

ENVIRONMENTAL EVALUATION

By means of the comparison between successive
bathymetric charts obtained in the periods 1972-1990,
1995-2000 and 2000-2001, the evolution of the
siltation rate within the harbour sector is determined.
The first period began after 8 m depth dredging; the
second period began after 6 m depth dredging, while in
the last period the dredging reached 4 m depth.

In each period the successive bathymetric charts
were subtracted throughout a 10 m grid, getting the
respective residual charts (Cuadrado et al., 2000). The
common area for each chart was considered to
calculate the accumulation over the residual charts in

Figure 2. 
Aerial view of Puerto Rosales at low tide in January, 1999.
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m3/m2. Negative values were not considered because
they are located outside the access channel and
mooring sites. The residual chart comparisons showed
significant variations in the evolution of the sediment
accumulation among the three periods.

The siltation rate in an enclosed dock (mooring
sites and access channel) is mainly due to the water
suspended sediment concentration (SSC) coming into
the port during each tidal cycle. The higher the water
sediment contents, the higher the siltation rate of the
port. Since the suspended sediment concentration in
estuaries is strongly influenced by the presence of
locally generated waves (Silva and Le Hir, 2001), it is
important to determine the direction and velocity of the
predominant winds blowing through the area, as they
generate a swell that can rise the locally SSC. 

The most external portion of the Principal
Channel, where Puerto Rosales is located, is affected
by local wave activity in a greater extent than the
internal estuary ports (Cuadrado et al., 2005). The
studies carried out in Puerto Rosales by Federici et al.
(2001, 2001) during a whole tidal cycle, showed that
maximum SSC values due to the tidal current action
alone reached 100 mg/l, but increased up to 240 mg/l
when the wind blows from the SE quadrant. Such an
increase is explained by the erosive activity of locally
generated waves that re-suspends the silty and clayey
materials from the intertidal plains located eastward of
the port, increasing thus the amount of material that

may be deposited and that comes into the tidal cycle.
By this way, the abnormally high siltation rate of port
during the Rosales when is compared with the
remaining harbors of the system would be explained.  

Depth variation within a given harbor is maximum
immediately after its deepening, and if no other factor
is involved (i.e. side slope land slide, storm surges,
etc.) it will exponentially diminish as tidal current
speeds become increased due to the decrease of the
harbor section as it fills with time. 

The averaged depth evolution with time (y) within
Puerto Rosales (mooring sites and access channel)
after the dredging done in 1971 (corresponding with
1972-1990 period), may be represented by the
following equation:

where it is the time in months elapsed after
dredging, and the change in y represents the siltation
rate for a given period of time (t). In Fig. 3 the adjusted
curve obtained from a point which corresponds to the
averaged depth of each compared chart is shown.
Immediately after dredging the siltation rate was 13.54
10-2 m/months, diminishing to 26.8 10-4 m/month at the
end of the 18 years. This curve becomes asymptotic to
0.56 m/month, a value that represents the equilibrium
averaged depth, where sedimentation equals erosion
and the harbor is totally silted.

Figure 3. 
Evolution of the mean depth after the dredging works over three different periods. (Modified Federici et al. in submitted to Geocta)
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In order to evaluate the impact generated by the
modifications introduced into the environment in
1995, the variation in the averaged harbor depths after
dredging during 1995-2000 was analyzed and
compared with the evolution happened prior to 1995.
For the period 1995-2000, the maximum siltation rate
was 22.07 10-2 m/month immediately after a 6 m
dredging, diminishing to values of 5.2 10-2 m/month
after 45 months. A maximum siltation rate of 22.9 10-
2 m/month was computed for the last period (2000-
2001) after the 4 m dredging.

If the environment was not altered and
independently of the dredged depths, the average-
depth evolution should coincide at least in an
approximate way with the behavior shown in the 1972-
1990 period. However, the curves corresponding to the
1995-2000 and 2000-2001 are much steeper, so the
siltation rate have significantly increased after the
modifications in the environment were done.  

In order to compare in a direct way the evolution
of depths among the three analyzed periods, a common
depth range should be used, a circumstance that occurs
between depths of 3.5 m and 1.75 m. The filling of this
depth range took more than four years (52 months) for
the 1972-1990 period, but only 16 months for the
1995-2000 period and 9 month for the 2000-2001
period (see Fig. 3). Undoubtedly, this notable
increment of the siltation rate within the harbor is
related to the modifications introduced into the
environment in 1995. Such modifications far from
reduce the problem, have notably increased it.

DISCUSSION
The increase on the SSC of the incoming water and

the decrease in the energy within the harbor are the two
factors that independently or in conjunction may
induce an increase on the siltation rate. The disposal
site on the mid-upper portion of the tidal plain, as well
as the wrecked vessels on the mid-lower portion,
directly or indirectly induces an increase of the natural
SSC of the area. The rupture of the containment of the
disposal site produced a fast dispersion of the dumped
materials by wave and current action. Whereas, the
wrecked vessels act as a reflective seawall forming in
situ standing waves that may double the local wave
height seaward of the vessels. The double height,
generate double energy that provokes a bottom
deepening close to the vessels, with the consequent
change in morphology and increase in SSC in the area. 

Both processes would acted as extra SSC sources,
explaining the siltation rate raise during the 1995-2000
period when it is compared with the previous one.
However, the SSC extra provision caused by both
process would be maximum at the beginning,
diminishing progressively with time whereas a new
equilibrium is reached as the sediment sources are
drained off. This means that in successive comparisons
after 1995, siltation rate within the harbor should
progressively diminish. Nevertheless, the contrary
seems to happen when the period 2000-2001 is
compared with the 1995-2000 one.

On the lower sector of the tidal plain located
eastward Puerto Rosales, there are the remains of a
pier whose construction was abandoned before its
completion and since then sediment was accumulated
around it. In this zone, there is an embankment almost
totally covered by spartina (Spartina Alterniflora),
which were present here prior 1995. This bank has
expanded since the introduction of the environmental
modifications. Such expansion is probably due to two
simultaneous causes. By one hand, the presence of the
wrecked vessels generates a relative small low energy
area at the stoss sector by diffraction of the incident
waves, promoting the expansion of intertidal
vegetation (Landin, 1991; Frey and Basan, 1985). On
the other hand, the presence of such intertidal
vegetation acts as a trap for sediments transported
through it by diminishing the energy of the water, as
well as the Spartina stabilize and prevent erosion of
settled soft mud as a consequence of its dense rooting
system. This consists of a series of stout roots
descending vertically and another series of more
horizontally disposed roots which ramify in the surface
layers of the mud. The rate of accumulation of new
sediment is greater in an area of Spartina than in any
other part of an estuary (Green, 1968). The Spartina
Alterniflora is the plant that colonizes the intertidal
zone and initiates the marsh development process.
Once established, it spreads vegetatively by sending
rhizomes into surrounding sediments, diminishing
water flow and accelerating sedimentation (Bertness,
(1999)).

Since the SSC of the water running though the
vegetation becomes greater (due to the spreading of
dumped materials and the rise in the local energy as a
consequence of the presence of the wrecked vessels)
the amount of trapped sediment will be greater. This
fact would enhance a growing in the embankment,
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whose presence at the time promotes a westward
decrease in the wave energy.  This may result in a
progressive increase of siltation rate within the harbor,
which may counterbalance at least temporally the
progressive decrease of SSC incoming to the harbor.  

The mechanism described above may explain why
the siltation rate has not diminished between the 1995-
2000 and 2000-2001 periods, although the conditions
of sedimentation within Puerto Rosales is expected to
tend to return at those registered during the 1972-1990
period once the sources for the extra SSC were totally
drained off. However, the primary cause that has
promoted the historical high siltation rate of Puerto
Rosales is the influx of water with a relative excess in
SSC, caused by the erosive action of waves on the
adjacent tidal plains. For this reason, the only way to
attain smaller siltation rates here, similar to those
registered on the neighboring harbors, would be to
avoid the influx of water with such SSC excess. 

One way to reach a lasting solution for the problem
presented in Puerto Rosales would be to impede the
harbour influx of water with high SSC from the
neighbouring intertidal zones by constructing a
continuous barrier crossing the entire tidal plain. The
project might be promising not to allow wave energy
pass through the seawall. At the same time, the
construction of this wall on the east side of the inlet
would forms a jetty, which in conjunction with the
westward breakwater already present would stabilize
the access channel, providing important benefits for
the use of harbour facilities by the commercial
fishermen and vessels. However, the optimal design
for this jetty should be evaluated with a
hydrodynamical model of the entire area in order to
prevent potential negative interactions with tidal
currents, mainly at the harbour's entrance, where
several studies had demonstrated the existence of a
westward littoral drift of sand (Cuadrado, et al, 2001;
Ginsberg, et al., 2001). So, the magnitude of the
investment and the appropriate chosen design must
consider the regional socioeconomic significance of
the harbour use. 

Once more it is confirmed that any kind of
modification to be introduced in the coastal
environment should be done in agreement with
previous studies of physical-geologic conditions in
order to determine how the environment will behave,
and then avoid future undesirable facts that will require
hard and expensive solutions. There exist physical,

chemical, biological and engineering parameters that,
in order to avoid irreversible negative consequences,
should be considered and adequately studied before
introducing any kind of modification into the
environment. 

SUMMARY AND CONCLUSIONS

Puerto Rosales presents a higher siltation rate than
other ports of Bahía Blanca Estuary due to the income
of water with high suspended sediment concentrations
during the tidal cycle. The erosive wave action on the
neighbouring intertidal plains resuspends cohesive
materials, which are transported within the water mass
and only can settle at those places of low
environmental energy as the harbour mooring sites and
the corresponding access channel. 

The great increase in siltation rate in the last two
compared periods is fundamentally related to man-
modifications made into the environment in 1995,
which were done in order to diminish it. These
modifications, which consist of the location of dredged
materials (with a wrong enclosure system) and the
wrecking of two vessels as a discontinue barrier on the
intertidal plain, promoted an increase in the siltation
rate within the harbour. This increase was caused by
both: an increase of the suspended sediment
concentration of the water entering during the tidal
cycle into the harbour, and by a wave energy decrease
after pass through a bank. However, it is expected the
re-establishment of the equilibrium in the area with the
course of time, progressively diminishing the siltation
rate to those values prior to 1995.

The lesson learned from this case study is that the
selection of the dumping site did not consider the
strong wave activity that attacks the barrier, disperse
the enclosed sediments, resuspend them and
afterwards the tidal currents transport them to calm
zones. Also the material of the hose-barrier must be
carefully chosen to prevent any failure. Another lesson
is that any blockage put in a coastal plain is capable of
behave as a reflective wall, with the consequent
modification in the coastal water.

Once more it is confirmed that any kind of
modification to be introduced in coastal environment,
should be done on the basis of previous studies about
physic-geologic conditions in order to prevent further
behaviour of the modified environment to avoid hard
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and expensive consequences.  
The case discussed here highlights the necessity

for carrying out an EIA study before implementing a
harbour project and any coastal modification. This
approach that integrates the behaviour of coastal
structures, impacts and alternatives, provides
promising information for the planners of coastal
projects, decision makers and impact assessment
practitioners. Upcoming activities would be a model
development which quantitatively describes the
anticipated impact of the given alternative.
Mathematical modelling is the key for identifying
future impacts of coastal protective works. 
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