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1. Abstract
Although the importance, sediment siltation represents a very critical barrier for the operability of
the harbor of Rodi Garganico (Italy). Due to negative economic impact, in fact, traditional
dredging results an unviable solution. For this purpose, an innovative solution, called the “ejector”,
is proposed for the specific case. Based on several positive applications in Italy, in fact, many
positive benefits are expected in addition to the maintenance of the basin depth. Therefore, after a
brief outlook of the current conditions in the harbor of Rodi Garaganico, the paper gives some
technical specifications regarding the technology and the preliminary considerations that were
following for the plant design.
2. Introduction
In Italy the management of sediments within harbors represents a difficult problem to solve which
often compromises the functionality and financial sustainability of ports. Even in presence of
unpolluted sediments which would be suitable for nourishment interventions (Mali et al., 2017),
the high dredging costs as well as the procedures aiming at defining the appropriate destination
site make this practice particularly complex. It must also be considered that the accumulation of
sediments in harbor areas due to the alteration of the natural coastal dynamics also affects water
quality, requiring careful and expensive management actions (Malcangio et al., 2017).
Accordingly, the seabed maintenance of harbor basins plays a relevant role to guarantee their
functionality, to restore the natural regime of long-shore transport and to avoid onerous protective
interventions (Saponieri et al., 2018). In addition to sediments management, coastal erosion has
also to be managed by local governments to minimize economic and social damages to local
economies (Zhang et al., 2014). As reported by (ISPRA, 2008), in fact, erosion is responsible for
significant changes in Italian coasts even if similar conditions are found also in other countries.
For example, almost the 20% of European coasts, i.e. 20.000 km, is affected by serious erosion
(Eurosion project, 2004). Strategies are therefore required by the in-charge Authorities to protect
the 2300 km of Italian coasts as counted by national reports.
Although several technical strategies were developed through the years to counteract both
sediments accumulation and coastal erosion (de Jonge and Neal, 2018; Gracia et al., 2018; van
Rijn, 2011; Williams, 2018; Batuca and Jordaan, 2000), many doubts are still present about their
environmental, economic and social consequences (Bianchini et al., 2019). Therefore, considering
these factors as an essential target, an innovative solution called the “ejector” was designed,
experimentally tested and successfully operated during on-field tests (Bianchini et al, 2013;
Bianchini et al., 2014; Pellegrini & Saccani, 2017).
Among the Italian coasts affected by costal erosion and sediments management issues, the Apulian
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coasts situation were often investigated by several Authors (Bruno et al., 2019). In particular, a
critical situation was assessed at Rodi Garganico where an alteration of the natural sediments
transport regime occurred resulting in a very negative impact to local economy. Despite the harbor
of Rodi Garganico needs preliminary dredging operations in order to restore the adequate depths
and hand back the functionality of the basin, it is currently under study the design of a pilot system
of ejectors, in order to verify its practicability and efficacy for the further maintenance of the port
For this reason, the paper aims i) to describe the existing situation in the harbor at Rodi Garganico,
ii) to illustrate the innovative solution, i.e. the “ejector”, as possible countermeasure and iii) to
explain the preliminary decisions taken for the design, realization and operation of the plant.
3. The harbor at Rodi Garganico
The area under investigation, i.e., the harbor of Rodi Garganico, which is located in the northern
part of Apulia region, South Italy (Figure 1). As consequence of the completion of the harbor at
Rodi Garganico in 2009, an alteration of the sediments transport regime occurred resulting in the
continuous silting of the harbor entry. Consequently, negative consequences verify on the overall
planning of coastal territories. In particular, the breakwater interacts with the long-shore transport
with a prevalent W-E direction, inducing the movement of sediments towards high-depths areas
(outside the active zone) and the erosion of the east coast. An exception can be observed along the
beach immediately behind the port, which is fed by the diffractive effects generated at the head of
the breakwater, which are also responsible for the continuous silting of the harbor entrance.

Figure 1: Skecth of ejector system for bed mainainance within the harbour of Rodi Garganico (Apulia
region, South Italy).

During the few years of port operation, the area has been yearly dredged by the concessionaire
company to allow the access of boats and the mooring of the ferry services to the Tremiti Islands.
However, the unsustainable costsy of dredging operations has led to the renunciation of the
concession of the port, which has returned to full availability of the State Property under the
regional jurisdiction.
4. The ejector technology
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Based on the Venturi’s effect, the ejector technology (figure 2) is based on the transfer of
momentum from a high velocity primary jet flow to a secondary flow that convey away the
mixture of sand and seawater, i.e. the slurry. An increase of dynamic pressure occurs along the
initial convergent nozzle ensuring the required capacity to suck the mixture of seawater and
sediments, suspended by the pressurized jets from the circumferential nozzles. The resultant jet
flow finally moves through a second convergent section that ensures the required velocity, i.e. the
prevalence, for sand convey.
The continuous plant operation ensures the removal of water-sediment mixture from the
surrounding environment within a defined radius. The radius is direct function of friction angle of
sand or sludge that has to be moved. Therefore, installing several ejectors in the area of interest, it
is possible to create a grid that avoid the accumulation of sediments that are naturally transported
in its area of influence. The water-sand mixture is finally moved away to the desired location
through a plastic flexible pipe. For the purpose, only few auxiliaries like submersible borehole
pumps, mechanical filters and instrumentation are installed in order to respectively supply
pressurized water, to avoid the inlet of marine particles and to control the plant.

Figure 2: The ejector technology (Bianchni et al., 2014): 3D design (left) and laboratory tests (right).

Several benefits are clearly recognized. First of all, working with sediments that naturally come to
a certain area, the plant does not add or remove the sediment from the area as it results from a
neutral mass balance. This condition implies that it cannot be considered a dredging activity and
so, in accordance to the Italian normative, no authorization is required. Secondly, no barrier
against navigation is expected during the 24/7 operation. Lastly, no moving parts and no electrical
cables are present in the core of the technology minimizing maintenance activities and so the
operative costs.
To validate these results, several plants were operated and monitored during the years. The first
experimental plant was realized and tested in the harbour of Riccione (Italy) in 2005 (Amati and
Saccani, 2005). In Riccione case (figure 3), 15 ejectors were designed to cover the 65 meters of the
inlet harbour channel aiming to maintain a constant depth (over 3 meters) in the middle of the
channel.
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Figure 3: The installation at the Riccione harbor. In the left a schematic representation of the plant is
proposed.

In 2012, a second plant was designed and installed at the dock inlet of Portoverde Marina (Italy),
figure 4. A fully automated and remotely accessible plant was realized ensuring the recognition of
critical sea weather (Bianchini et al., 2014) and of delivery flow conditions (Pellegrini and
Saccani, 2017) through dedicated sensors allowing primary flow rate control to the ejectors.

Figure 4: The installation in the harbor at Portoverde in 2012. In the left a schematic representation of the
plant is proposed

In addition to these plants, one more plant was realized in July 2019 by Trevi SpA in Cervia (Italy)
thanks to the LIFE Programme funding ensuring the evaluation of technical performances and real
environmental as well as social outcomes (figure 5).
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Figure 5: The installation in the harbor of the municipality of Cervia. In particular, a detail of the two
autopurging disk filters within the cabin is shown.

5. The installation in the harbor of Rodi Garganico
Justified by the very positive results obtained, the ejector technology was considered to solve the
siltation issue occurring in the harbor of Rodi Garganico. However, before to proceed many
technical parameters were required, being the design very sensitive to the specific local working
conditions such as, for example, the type of sediments to be transported.
As part of the preliminary numerical investigations for system design, multibeam surveys were
underway for the definition of the seabed in front of the port. The wave climate was derived from
buoy-measured data in Tremiti Island (Bruno and Petrillo, 2008).
From preliminary considerations, two independent modules supplied by two independent
submersible pumps consisting of 3 ejectors were proposed for the specific case. Regarding the
position, the ejectors were evaluated at the inlet of the harbor as shown in Figure 6. Since, the
technical characteristics of the system do not allow the realization of very long pipes, it was
decided to release sediments immediately outside the entrance ensuring also a possible
countermeasure to the erosive force against the coast.

Figure 6: The proposed position of the ejectors in the Rodi Garganico harbor.

To assess the real performance of the plant, a widespread monitoring campaign after the
installation of the first module, aimed at evaluating the effectiveness of the plant, will be
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performed. In particular, the quantity of sediments removed from the harbor entry and the
management costs will be quantified.
6. Conclusions
Innovative strategies are required as soon as possible to counteract sediment accumulation and
erosion along to Italian coastal areas. In fact, even if traditional solutions are in many cases able to
mitigate these problems, their application is limited due to economic reasons. This situation is
especially found in small marinas or in that areas where the functionality of the basins is the
condition “sine qua non” for the survival of the local economy. Because of the harbor of Rodi
Garganico suffers of similar problems, positive results are estimated from the operation of the
innovative “ejector” technology. In fact, due to the positive experience assessed during previous
field applications, an improved outcome should be reached respect to existing condition. However,
to validate technical and economic estimation, a monitoring action is required and so planned for
the entire duration of the project.
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